City University of New York (CUNY)

CUNY Academic Works
Theses and Dissertations

Hunter College

Spring 6-1-2022

PROFESSIONAL STEM IDENTITY, ACHIEVEMENT GOAL
ORIENTATION, AND SELFAUTHORSHIP IN UNDERREPRESENTED
MINORITY UNDERGRADUATE STEM STUDENTS
Christopher King
CUNY Hunter College

How does access to this work benefit you? Let us know!
More information about this work at: https://academicworks.cuny.edu/hc_sas_etds/841
Discover additional works at: https://academicworks.cuny.edu
This work is made publicly available by the City University of New York (CUNY).
Contact: AcademicWorks@cuny.edu

PROFESSIONAL STEM IDENTITY, ACHIEVEMENT GOAL ORIENTATION, AND SELFAUTHORSHIP IN UNDERREPRESENTED MINORITY
UNDERGRADUATE STEM STUDENTS

Christopher King

Mentor
Sarah Bonner, Ph.D.

Readers
Jeanne Weiler, Ph.D.
John Ranellucci, Ph.D.

A dissertation submitted to the Graduate Faculty in Instructional Leadership
in partial fulfillment of the requirements for the degree of Doctor of Education

Hunter College
City University of New York

2022

ii

COPYRIGHT
© 2022
Christopher G. King
All Rights Reserved

iii
ACKNOWLEDGEMENTS
This dissertation has been a huge part of my life for many years. In that time, many
people have contributed to my thinking and success. Firstly, I am extremely grateful for my
Cohort 1 companions at Hunter. I am so happy that Hunter brought us all together. To my
advisor, Dr. Sarah Bonner, without your advice and input, I would not be here today. And to the
other members of my dissertation committee, Dr. John Ranellucci and Dr. Jeanne Weiler, your
willingness to serve on my committee is a testament to your dedication to students, and I am
extremely grateful for your advice and support. Thank you. Also, to the students who gave up
their time to complete my survey and speak to me about their formative STEM Identity
experiences, I am extremely grateful for your time, insight and dedication to the STEM
community.
The entire time I have been completing my coursework and dissertation, I have been
employed at West Bronx Academy for the Future in the Bronx, NY. The personal support of my
colleagues and their toleration me talking about my research has been invaluable and
appreciated. Furthermore, the Science Instructional Team at New Visions for Public Schools has
for a long time pushed me to think about the delivery of science instruction, teacher best
practices for student engagement and success, and by extension the development of a science
student identity within the group of adolescents I serve. Thank you.
Finally, my amazing family: Theresa, Connor, and Liv. You grew with me, and grew up,
during my time at Hunter. You have supported me, encouraged me, tolerated and motivated me,
and most importantly, loved me while on this journey. There are not words to describe my
gratitude for your patience and support, but, thank you.
cgk

iv
DEDICATION

For my family: tk, ck, lk.

I (we) did it.

v
TABLE OF CONTENTS
NOTICE OF COPYRIGHT ............................................................................................................ ii
LIST OF TABLES ....................................................................................................................... viii
LIST OF FIGURES ....................................................................................................................... ix
LIST OF APPENDICES ................................................................................................................. x
Abstract ........................................................................................................................................... 1
CHAPTER I .................................................................................................................................... 2
INTRODUCTION .......................................................................................................................... 2
Problem Statement .......................................................................................................................... 5
Theoretical Rationale ...................................................................................................................... 7
Identity ........................................................................................................................ 8
Professional Identity ................................................................................................... 8
STEM Identity ............................................................................................................ 9
Achievement Goal Orientation ................................................................................. 10
Self-authorship .......................................................................................................... 11
Statement of Purpose .................................................................................................................... 13
Research Questions ....................................................................................................................... 15
Research Hypotheses .................................................................................................................... 15
Methods......................................................................................................................................... 16
Implications and Justification for the Current Study .................................................................... 18
CHAPTER II................................................................................................................................. 21
LITERATURE REVIEW ............................................................................................................. 21
Methods of Literature Review ...................................................................................................... 21
Identity .......................................................................................................................................... 22
Science and STEM Identity .......................................................................................................... 24
Professional Identity ..................................................................................................................... 29
Knowledge about Professional Practices .................................................................. 30
Having the Professional as a Role Model ................................................................. 31
Experience with the Profession ................................................................................. 31
Preference for a Particular Profession ....................................................................... 32
Professional Self-efficacy ......................................................................................... 32
Achievement Goal Orientation ..................................................................................................... 33
Mastery orientation ................................................................................................... 34
Performance orientation ............................................................................................ 36
Self-authorship .............................................................................................................................. 39
Summary ....................................................................................................................................... 45

vi
CHAPTER III ............................................................................................................................... 48
METHODOLOGY ....................................................................................................................... 48
Research Context .......................................................................................................................... 48
Components of the NYCLSAMP Program................................................................................... 49
Mentoring .................................................................................................................. 50
Stipend/Access to Resources .................................................................................... 51
Developing a presence in the STEM community ..................................................... 51
Research Participants .................................................................................................................... 52
Design ........................................................................................................................................... 53
Procedures ..................................................................................................................................... 53
Phase 1: Survey Protocol .......................................................................................... 53
Phase 1: Survey Instruments ..................................................................................... 54
Phase 2: Statement of Positionality........................................................................... 58
Phase 2: Interview Protocol ...................................................................................... 59
Phase 2: Interview Instrument .................................................................................. 60
Data Analysis ................................................................................................................................ 61
Quantitative Data ...................................................................................................... 61
Qualitative Data ........................................................................................................ 62
Mixed Methods Synthesis ............................................................................................................. 62
CHAPTER IV ............................................................................................................................... 64
FINDINGS .................................................................................................................................... 64
Research Questions ....................................................................................................................... 64
Research Hypotheses .................................................................................................................... 65
Quantitative Results ...................................................................................................................... 66
Self-Reported Values of Survey Instruments ........................................................... 66
Descriptive Statistics ................................................................................................. 67
Scale Variable Intercorrelations .................................................................................................... 71
Correlation Matrix Across Instruments ........................................................................................ 73
Qualitative Results ........................................................................................................................ 78
Ayleen - Student Vignette ......................................................................................... 78
Challen - Student Vignette ........................................................................................ 83
Alexandra - Student Vignette .................................................................................... 89
James - Student Vignette .......................................................................................... 92
Adele - Student Vignette ........................................................................................... 97
Frances - Student Vignette ...................................................................................... 101
Emergent Themes from the Interviews ....................................................................................... 105
Costs – Money ........................................................................................................ 105
Costs – Time ........................................................................................................... 106
The Importance of Mentoring ................................................................................. 107
An Elite Club .......................................................................................................... 109
Set Backs and Resiliency ........................................................................................ 110
Disagreement with Pedagogy and Curriculum ....................................................... 111

vii
CHAPTER V .............................................................................................................................. 113
DISCUSSION, CONCLUSIONS, AND IMPLICATIONS ....................................................... 113
Research Questions ..................................................................................................................... 113
Discussion of Research Questions .............................................................................................. 114
Evaluation of Hypotheses ........................................................................................................... 116
Identification of the Common Experience .................................................................................. 117
Recommendations for Institutions of Higher Learning .............................................................. 118
Recommendations for Policy and Practice ................................................................................. 120
Limitations of this Study and Recommendations for Future Research ...................................... 123
Conclusion .................................................................................................................................. 126
REFERENCES ........................................................................................................................... 128
APPENDICES ............................................................................................................................ 141

viii
LIST OF TABLES
Table 1. Participant demographics at time of survey .....................................................................66
Table 2. Colleges represented in study by year .............................................................................67
Table 3. Descriptive statistics for Professional Identity scale .......................................................68
Table 4. Descriptive statistics for Achievement Goal Orientation scale .......................................69
Table 5. Descriptive statistics for Self-authorship scale ................................................................70
Table 6. Correlations between Professional Identity subscales .....................................................71
Table 7. Correlations between Achievement Goal Orientations ...................................................72
Table 8. Correlations between Self-authorship subscales..............................................................73
Table 9. Correlations between overall scales .................................................................................76
Table 10. Correlations between instrument subscales ...................................................................77
Table 11. Self-authorship assessment comparison ........................................................................78
Table 12. Participant demographics at time of interview ..............................................................78

ix
LIST OF FIGURES
Figure 1: Linking Variables in the Current Study ...................................................................... 140

x
LIST OF APPENDICES
Appendix 1. Undergraduate enrollment at all institutions: 2012-2016........................................141
Appendix 2. S&E and S&E Technologies Associate’s Degrees Awarded: 2016........................143
Appendix 3. Bachelor’s Degrees Awarded by Field: 2012-2016 ................................................145
Appendix 4. Survey Instruments..................................................................................................148
Appendix 5. Data Analysis Plan ..................................................................................................150
Appendix 6. Survey Questions ....................................................................................................152
Appendix 7. Interview Questions ................................................................................................175
Appendix 8. Louis Stokes Alliances for Minority Participation (NYCLSAMP) ........................177

1
Abstract
Professional STEM Identity, Achievement Goal Orientation and Self-authorship in
Underrepresented Minority Undergraduate STEM Students
by
Christopher King
Advisor: Sarah Bonner
Post-secondary education is meant to build the cognitive and professional growth of the students
studying all subjects. Yet, little is known about the development of how students think of
themselves as members of the field, nor how they develop from a young novice to a person
eligible for employment. A lens of self-authorship was used to compliment and interpret data
collected regarding how students think of themselves as member of the STEM community
(STEM Identity) and how they perceive their achievement STEM Identity. There was a
significant link between student-mentor experiences and a higher professional identity and more
progress along the continuum of Self-authorship. Additionally, in interviews much qualitative
data was collected to indicate that the role of the mentor was significant in the development of
these young professionals, and in-person mentor experience were preferred (in the time of the
Covid-19 pandemic, virtual meetings were a norm). Implications for this research and suggestion
for future investigations are given.
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CHAPTER I
INTRODUCTION
Since the early 1990s, underrepresented minority students (URMs) have made some
progress in their attainment of post-secondary degrees in science, technology, engineering, and
mathematics (STEM); however, there are still persistent disparities when it comes to graduation
from college. For this study, the definition of underrepresented minority students refers to
students whose racial or ethnic background is either African American/ Black or Hispanic/
Latinx. Even though these URM students entered universities and elected to study STEM fields
at about the same rate as their White and Asian counterparts (34%), they lag behind attainment
of these degrees (Hurtado, et al., 2009; President’s Council of Advisors on Science and
Technology, 2012). The differences are dependent on demographics: For instance, women are
not underrepresented when considering completion of Biology majors; however, Black and
Hispanic students are underrepresented in all major fields of STEM when considering graduation
from college (National Science Board, 2018; National Science Foundation, 2019) (Appendix 1).
These disparities begin before students enter college and are consistent also outside
STEM, as well. Underrepresented minority students nationwide are less likely to graduate high
school (United States Department of Education, 2018), enroll in two- or four-year institutions
(NSF, 2019), and persist through coursework to earn an undergraduate degree at any level
(Associates or Bachelors) (NSF, 2019). Historically, the number of URMs with STEM degrees is
very low, totaling less than 15% of graduates (NSF, 2019; Rothwell, 2012). As researchers and
institutions of learning search for ways to increase the recruitment and retention of URM in
STEM fields, attention to studying how students identify as a participant in these fields has
increased.
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The disparities that are found in college completion with the STEM majority continue
into graduate education and employment. Black and Latinx groups are both employed and
enrolled in professional schools for advanced degrees at lower rates compared to their White and
Asian counterparts (National Science Board, 2018; National Science Foundation, 2019).
Compounding that problem are statistics from public policy and think tank organizations like the
Brookings Institute who claim that in large cities, more than 30% of job openings are in STEMrelated fields, and these jobs take long periods of time to place qualified workers because there
are not enough trained STEM workers to fill them. In the past years, White and Asian students
have continued to enter STEM fields at a consistent rate. Because the White and Asian
communities have characteristically had stable job entry rates after graduation, the focus needs to
be on identifying students from other ethnic backgrounds and supporting them in their quest to
join the STEM professional community.
The Bureau of Labor Statistics projects that the overall economy will grow 7.6% by
2026, while the STEM sector will surpass the overall growth, increasing by 10.8% (Bureau of
Labor Statistics: United States Department of Labor, 2017). All of these data points signal an
increased demand for URM students to enter STEM fields at the undergraduate level, persist
through required coursework, and attain STEM degrees in the coming years, because those
students are the students that are available to fill the gaps in employment described above
(Adedokun et al., 2012; NSF, 2019). As we face increasingly more complex problems as a
society, it is more important than ever to ensure that the STEM workforce is diverse and that
people that are interested in STEM have the opportunity to participate in the STEM community
and workforce. When there is assurance that the community is diverse, we can ensure that a
diverse interaction of people form multiple backgrounds. When new discoveries are made, it
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does not happen by a solitary person, but from a group of people working on a problem
collaboratively. The diversity of the people in the room and their ability to see the problem from
different angles is often more important to solving a problem than intelligence alone.
Traditionally, the scientific community has been structured around a meritocracy, wherein the
assumption is that individuals with extreme talent will rise to the top. However, with cases of
under-representation and systemic marginalization is the responsibility to ensure that people
from underrepresented communities are recruited, their talent cultivated, and they are able to
enter the STEM workforce and make a contribution.
In the first part of this introduction, having described, the disparities between different
racial groups when considering the movement through undergraduate STEM studies and into the
workforce, the remainder of Chapter 1 of this dissertation is organized in the following way:
first, a problem statement will be described in order to formally describe the issue being
addressed but also to situate the issue within the larger context of the world of STEM education.
Next, the theoretical rationale for the study will be described briefly to provide some insight into
why the particular frameworks were chosen. This description will also provide some
understanding of the types of questions that will be asked, the mixed method that will be used,
and the data analysis plan that will be conducted at the end of the data collection.
The theoretical framework in this study had several components that guided the research
questions. In the next section, the research questions are outlined and there will be some
explanation for the choice of the questions, what the theory is behind the questions, and how it
will help to address the problems that have been observed. The methods used will be described
briefly in the next section as well to demonstrate how the data collection and analysis choices
were made for this particular study.
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Problem Statement
How do educational institutions, at a post-secondary level, encourage URM students to
enter into STEM majors, and eventually join the workforce? One way, from an early point in a
student’s school-based career, is to support the students’ development of their STEM Identity.
One definition of science identity includes three domains: competence, performance, and
recognition (Carlone & Johnson, 2007). A person who has a strong identity should have a high
level of competence. The person should “demonstrate meaningful knowledge and understanding
of science content” (Carlone & Johnson, 2007, p. 1190). The person should be motivated to
understand the world through a scientific lens. The person should also have the requisite skills to
perform for others in the scientific community. In the final stages, in order to solidify the STEM
Identity of a person, the person must recognize themselves and be recognized by others as a
“science person.” There are indications through empirical research that one of the reasons why
URM students are not persisting through their coursework and into STEM careers is that they
leave their undergraduate studies without having developed a strong STEM Identity (Estrada,
2016; Kim & Sinatra, 2018). Since the students are not persisting, they are not making it to a
phase of their STEM journey where they can be recognized by others, and have enough
confidence in themselves to be recognized as a “science person.” The task then in order to solve
this problem, is to find a way that can push students to find their way through the beginning part
of their STEM journey so they can get to a phase where they can make the sorts of contributions
that will allow them to more fully develop their STEM identity.
The difficulties URM students experience with STEM identification could be because of
a host of underlying reasons: few gendered or racially similar role models in the fields and low
student self-confidence (McGee & Bentley, 2017; Hurtado, Cabrera, Lin, Arellano, & Espinosa,
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2009). Some students may also have a social perception that these fields are not popular with
their peers or elders. This unpopular opinion could be because of the increased demand and
effort success might require, the jobs the students are preparing themselves for and talking about
are new and emerging fields, and therefore, there is a low understanding from peers and elders of
what being a member of that particular field means (Roberts, Jackson, Mohr-Schroeder, et al.,
2018).
Efforts must be streamlined and targeted to support students in the development of
personal identification with the work they are doing in their classes. The development of STEM
Identity among students from URM groups must be taken seriously with these students if the
percentages of students graduating are to increase. Without systematic development of a STEM
Identity of URM students, graduates will lack direction during their time in college, and
persistence rates will likely stay the same. This is evidenced by research that shows that
recruitment and retention in STEM fields (college majors first, the workplace later) are
dependent on how people view themselves in terms of being in that field (a biologist, a computer
programmer, an engineer, or a mathematician) (Seyranian, et al., 2018; Vincent-Ruz & Schunn,
2018). While support at post-secondary institutions can come in many forms, these efforts are
often informal and loosely organized.
Educational experiences in K-12 should foster a positive STEM Identity so students
choose to go into these fields when they enter college, but the experiences must also continue
throughout their university career (Vincent-Ruz & Schunn, 2018; Vongkulluksn et al., 2018).
Positive experiences early on in education will build persistence, influence choices, motivation,
enjoyment, and achievement (Elliot & Murayama, 2011). Because of these experiences,
underrepresented minority students may be more likely to develop a stronger STEM. Quite
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simply, if a student cannot imagine themselves in a particular field, they are not going to choose
to go into that field.
Theoretical Rationale
To understand how students’ progress throughout their undergraduate studies to develop
an identity to support them in their career after college, this study will be guided by research and
theory on professional identity formation with an emphasis on STEM Identity (Carlone &
Johnson, 2007; Erickson, 1968; Tan, van der Molen & Schmidt, 2017). To understand the
perception a student might bring to the table when considering their schoolwork and potential,
the analysis will also be framed through achievement goal orientation (Elliot & Murayama,
2011). Finally, it is important to understand where students are situated in their trajectory
towards establishing a career for themselves, and this will be accomplished by situating the
students on a continuum of Self-authorship, as established by Baxter-Magolda (2001).
The multiple variables selected for this research are in support of triangulating the
necessary characteristics one must possess to experience movement along the continuum of Selfauthorship. Self-authorship (Baxter-Magolda, 2004) is a model that as people become exposed to
and invested in increasingly more complex experiences, they move from looking to external
references for cues about how they should proceed, and start to rely on themselves to answer
those questions. So, in the current situation, where some students move past the beginning stages
of entering into a STEM profession (declaring a major, completing coursework, graduating,
procuring employment) what experiences pushed them past the beginning stages where they
were looking for answers from others around them to a point where they can start to answer their
own questions? Also, what can be emphasized in undergraduate programs that would allow for
the maximum benefit of the students, specifically URM students, like the ones of focus in the
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current study? Based on the literature, the variables should have positive correlations with one
another, but is there one variable that undergraduate STEM programs should focus on to promote
and sustain the development of URM STEM Identity in the United States?
Identity
Identity theory provides a framework for understanding how others think of themselves
concerning the contexts that define their lives. This can include the contexts of interpersonal
relationships, gender, sexual orientation, and identity as a professional. Current research about
identity development in students is extensive; however, there is not a significant body of
literature that focuses on STEM Identity development: most present findings are based on gender
(e.g., Jones, 1997), place in society (e.g., Waterman, 1982), confidence (e.g., Laird, 2005), and
professional engagement (e.g., Sweitzer, 2009). Estrada (2016) presents findings of URM
identity development of certain minority groups. Thus, there is a significant gap in the literature
when it comes to STEM Identity development, specifically when it comes to URM students.
To better understand the progression of science students into the broader scientific
community, identity has to be emphasized as a lens. Using identity as a lens will allow for
examination of the teaching and learning of science content in a new way by allowing the
consideration of the different kinds of people that make their way into the scientific community:
why are certain people allowed into the community and certain people are not? What is specific
about the teaching practices that influence how some make it and some are marginalized?
Professional Identity
According to Tan, van der Molen, and Schmidt (2017) professional identity “is the self
that has been developed with the commitment to perform competently and legitimately in the
context of the profession, and its development can continue throughout the individuals’ careers
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(p. 1505). Adolescents, in particular, go through many manifestations of their identity, and those
are replaced by newer ones as the adolescent progresses in age. This is also true for adults as
they continue to participate in a professional work setting. The work of Tan, van der Molen, and
Schmidt (2017) will guide my research as their conceptualization of professional identity
formation is most closely linked to how STEM students form their own identity. Carlone and
Johnson (2007) and Tan, van der Molen, and Schmidt (2017) focused on how individuals
conceptualize their place in the societies they live in and how they engage with others.
Students with multiple identities, especially those identities that have been historically
marginalized in a population will potentially have a great deal to speak on when considering how
their STEM Identity development has progressed and when considering their place on the Selfauthorship continuum. The intersectionality of these identities likely will complicate the
development of students’ STEM identities. Justification for this focus comes through careful
examination of data from the National Science Board (2018) and National Science Foundation,
(2019) (Appendix 1), where it can be seen that Blacks and Latinx students lag behind their White
counterparts when considering awarded degrees; further investigation reveals that females in
these groups lag even more still.
STEM Identity
Carlone and Johnson (2007) established a framework for describing STEM Identity.
Their work led them to three components that are essential for the development of STEM
Identity: competence, performance, and recognition. Science identities develop over time and
they are formed completely when a person is recognized by “meaningful [scientific] others” for
their work and participation in the field.” Carlone and Johnson posit that students must recognize
within themselves and be recognized by their peers that they are “science people.” This
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highlights the importance of social interaction and validation when developing a STEM Identity.
But it also highlights a place where intervention can take place. If the hypothesis is that there will
be a positive correlation between STEM Identity and mastery orientations of Achievement Goal
Theory and Self-authorship, then there needs to be some intervention to increase STEM Identity,
thus increasing the possibilities that students will have successful outcomes (i.e., joining the
STEM workforce).
Achievement Goal Orientation
Motivation is typically what is defined as what influences the beginning, middle, and end
of behaviors that an individual develops because of a goal, or goals, they have set for themselves
(Maehr & Zusho, 2009). Goals are what give activities a purpose or meaning. They are the
reason why individuals engage themselves with certain activities. Achievement Goal Orientation
(AGO) provides a way to specify or categorize the types of goals that individuals have for
themselves. More specifically, AGO is less concerned about what individuals are trying to
achieve and more concerned about why individuals have set these particular goals for
themselves. For instance, an individual might have set a goal for themselves to get an “A” in a
particular class because she values what that A means for her - that is that she has mastered the
content and has a complete understanding; in an alternate scenario, the student might have set the
goal for herself to get an A because it proves to others that she is smarter than the rest of her
peers.
AGO provides a way to categorize students based on their motivation to learn a particular
subject. In particular, for this study, the reasons why STEM students chose a particular field, and
how they are operating surrounding achievement will be examined. An achievement goal is “the
purpose for engaging in competence-relevant behavior” (Elliot & Hulleman, 2017, pp. 43).
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According to AGO, students adopt personal goal orientations, which can be influenced by many
different elements, e.g., the focus of the professors they have or their characteristics. The goals
that the students adopt affect the academic strategies they use and may even impact their
successes (Elliot & Murayama, 2008). The original framework for AGO had two branches and
included mastery and performance orientations. However, it has now grown to reflect a four-goal
orientation model (Elliot & McGregor, 2001). In this revised conceptualization, the four
orientations are as follows: mastery approach, which is focused on attaining task-based and
intrapersonal competence, performance approach, which is focused on attaining competence
when compared to peers, then also mastery avoidance and performance avoidance, which are
focused on avoiding task-based and intrapersonal incompetence and avoiding incompetence
when compared with peers, respectively (Elliot & McGregor, 2001).
Self-authorship
Kegan (1982, 1994) proposed that learning and development involve individuals
progressing through five progressively more sophisticated stages (1982), or orders (1994), of
knowing; a final revision of the terminology renamed the orders, “forms” (2000). These ways of
knowing, included an explanation of how humans begin to understand the world, from their
infancy to adulthood. Firstly, infants begin their lives in an “objectless” world (Kegan, 1982, p.
78). This means that everything that is sensed by the infant is perceived as an extension of the
infants themselves. In this order, as the infant progresses, they will push against the authority of
the parental units in the lives so establish boundaries for themselves (Kegan, 1982). Secondly, is
when infants begin to understand that they have control over their reflexes (Kegan, 1982) they
also begin to perceive that there are objects in the world outside of themselves. They also begin
to categorize objects and develop rules for the world around them (Kegan, 1994). In the third
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order, humans make use of the categories previously established and are able to relate one to
another. Their abstract thinking increases and the way they are perceived by others in their social
environment becomes critical to their thinking (Kegan, 1994). Fourthly, is when humans enter
Self-authorship. This order that Kegan states is the minimum to reach to function effectively in
post-modern life. In this order, adults are able coordinate multiple roles for themselves, build on
their class categorical thinking take responsibility for themselves and their actions. They are also
able to establish their own sets of values and ideologies (Kegan, 1994). The final order is not
reached often, and when it is, it happens later in life. In this order adults are able to understand
interconnections between the systems and individuals in their lives, as well as embrace
contradictions that present themselves in their lives and work (Kegan, 1994).
Later, using Kegan’s work, Baxter-Magolda (2001) defined Self-authorship as “the
internal capacity to define one's beliefs, identity, and social relations” (p. 269). To be able to do
these things, people have to be able to work from their perspective (Baxter-Magolda, 2001) and
use this perspective to inform their subsequent interactions and decisions. King and BaxterMagolda went on to state it is the role of educational institutions is to assist students in
developing bridges that will allow them to make the transitions from one order to the next. These
interactions must also include discussion about the students’ progress, as well as evaluation of
how they are making the transitions, in order to develop more clear goals and strategies. BaxterMagolda also stated that many colleges and universities do not make a legitimate space for this
kind of interaction to occur between the students that attend and the professors and other
professionals that work there. This speaks back directly to the environmental factors of
performance, recognition, and competence, that were so prevalent in the STEM Identity models
examined earlier, and furthers the necessity for mentorship that will be discussed later.
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Statement of Purpose
In order to generalize to the larger populations of Black and Latinx undergraduate STEM
students, this study will make use of a sample from a framework of African American and Latinx
students enrolled at one of eleven City University of New York (CUNY) Campuses: Lehman
College, Baruch College, Brooklyn College, City College, The College of Staten Island, Medgar
Evers College, City Tech, Queens College, Bronx Community College, Guttman Community
College, and Hostos Community College. The study informs the research on how
underrepresentation of minority students can be mitigated by justifying fellowship programs
such as these as well as other programs that can be used to encourage URM students to choose a
career in STEM and to persist through sometimes-difficult coursework to get themselves to their
goal. In addition to the focus on race and ethnicity, the interplay of other identities of the
research participants will be examined to assess the significance of the intersectionality of these
identities. As discussed previously, people come to any situation with multiple identities and the
intersectionality of these often has a compounding effect on the choices and outcomes for young
people, especially as they navigate their early adulthood.
The purpose of this study is to examine how URM undergraduate STEM students who
are entering their particular STEM field, develop their topical (STEM) identity when they engage
in an identity-building experience. This process of Professional STEM Identity development is a
complicated one that students and professionals develop over many years. The development of
this identity is further complicated by the normal trajectory of adolescent and young adult
identity development. Adolescents in general have a complicated time developing a solid identity
about a particular topic, and solidifying their identities in general (Erickson, 1968; Hatano, et al.,
2000; Marica, 1993). Central to this difficulty is the intersection of race and gender and how this
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influences the way that the students perceive themselves as members of the STEM community,
how they negotiate obstacles in their pathway to becoming professionals and how they make
contributions to their chosen field.
In previous work, this discrepancy might have been framed within an achievement gap
framework, in which the focus is solely on the students themselves and their lack of persistence,
and degree attainment (Burke, et al., 2020; van Sickle, et al., 2020; Jordt, et al., 2017; Jones, et
al., 2017); however, it is the contention here that this is actually an incorrect interpretation: this is
actually a missed opportunity of colleges and universities to push their Black and Latinx students
to achieve the degrees the students originally enrolled for by providing supports and mentorship
along the way that would strengthen the STEM Identity of students and encourage them to move
onto later phases of Self-authorship.
For this study, I defined a strong STEM Identity as an identity wherein someone can
demonstrate meaningful knowledge and understanding of their content (Carlone & Johnson,
2007; Tan, van der Molen & Schmidt, 2017). They should also have the motivation to help
others understand the world around them using the content. Embedded in this desire, the person
would have the required skills that demonstrate their competence, and finally, they would have
self-awareness and would be recognized by others as a person who participates actively in their
particular field. Over the time that it takes to develop a strong identity, the student would develop
a strong sense of commitment to their chosen STEM field(s). Students with these attributes, will
likely also exhibit a mastery approach goal orientation (Pintrich, 2000). This means that they will
be influenced by the internal desire for continual self-improvement and content mastery, and not
likely to be swayed by small setbacks or defeated by challenging tasks. These two orientations
should positively influence the student’s achievement and willingness to forgo their time outside
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of classwork to participate in the activities that are expected of a STEM professional. In essence,
these students would be moving towards Self-authorship by becoming a developer or contributor
in their professional field.
Research Questions
1. What are undergraduate URM students self-reported STEM Professional Identity scores,
achievement goal orientations and placement on the continuum of Self-Authorship?
a. How do the URM undergraduate STEM students self-report their STEM
Professional Identity (instrument modified from Tan, van der Molen, & Schmidt,
2017)?
b. How do URM undergraduate STEM students self-report their achievement
orientation (instrument modified from Elliot & Murayama, 2011)?
c. How do URM undergraduate STEM students self-report their Self-authorship
(instrument modified from Creamer, Baxter Magolda & Yue, 2010)?
2. What are the correlations between the overall scores and subscales of these
measurements?
3. What common activities have the research participants engaged in that have played a role
in the movement from an External Formulas stage of Self-authorship to a Crossroads or
early Self-authorship stage?
Research Hypotheses
1. After the analysis is complete for the quantitative scales, it can be expected that the
following relationships will be present:
a. The higher score on the STEM Identity scale, as measured, (overall and individual
factors), the more likely it will be that a student also possesses a mastery approach
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orientation, and therefore, there will be a positive correlation between STEM
Identity and students having a mastery approach orientation) (Elliot & Murayama,
2011; Tan, van der Molen & Schmidt, 2017). In addition, the lower the identity
score is for a particular participant, the more likely that is that the student will
possess either a performance approach or avoidant orientation.
b. The higher score on the STEM Identity scale, the more likely it will be that the
student will have a more advanced placement on the continuum of Selfauthorship. For instance, with a higher measurement on the STEM Identity scale,
it is hypothesized that the student will also be situated in a Crossroads or Early
Self-authoring position, and not a External Formulas position on the Selfauthorship measurement (Tan, van der Molen & Schmidt, 2017, Creamer, Baxter
Magolda & Yue, 2010).
c. The more advanced placement on the continuum of Self-authorship, the more
likely it will be that a student will have a mastery approach orientation and the
less likely it will be that they will have a performance approach or avoidant
orientation. For instance, the students that are situated in a position of early Selfauthoring will also possess a mastery approach orientation. (Creamer, Baxter
Magolda & Yue, 2010; Elliot & Murayama, 2011).
Methods
To understand the development of STEM Identity in young undergraduate students, this
study utilized an explanatory sequential mixed methods design (Creswell & Plano-Clark, 2007)
will be employed. Mixed methods are appropriate in situations where researchers are seeking to
understand phenomena occurring in their research context; mixing methods enables researchers
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to understand multiple veins of inquiry. This study focused on historically marginalized
populations and sought to build an understanding of what pushed research participants to not
only pursue a STEM degree but what factors led them up to the point in their education, i.e., how
has their post-secondary education thus far enabled STEM Identity development.
The collection of both quantitative and qualitative data enabled the capture of the big
picture of the participants’ program so it could be analyzed and generalizations could be made
about the members at large of the program. At the same time, the students’ voices and stories can
were described, analyzed and shared in-depth, thus enabling the promotion of programs that can
affect social change. The resulting data sets also were analyzed against one another to ensure that
self-report data collected during the studies are correct and unaffected by bias. The interpretation
of the results also facilitated some hypotheses of why and how STEM Identity developed in the
course of schooling for the research participants. Perhaps these hypotheses could be used to
allow others to develop and strengthen their programs, not just at the university level, but
perhaps at the secondary level as well.
The study consisted of two parts. The first was quantitative survey that sought to measure
the STEM Identity of the research participants, along with the achievement goal orientation and
the Self-authorship phase of each participant. After these variable measurements were complete,
students were questioned about basic demographic information, and if they were willing to
participate in Phase 2 of the study, which consisted of an interview to assess Self-authorship.
There was an attempt to interview participants that represents a cross-section of the other
demographics along with students identified as high and low in the variables measured by the
survey during the course of Phase 2 implementation.
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Implications and Justification for the Current Study
What does this all mean for education? In general, professional identity is not well
defined, but there has been some research that points to a positive correlation between high
participation and engagement in student learning and a higher sense of professional identity
(Beijaard, Meijer & Verloop, 2004). Many correlations between professional identity and
outcomes such as persistence and achievement have been studied. Because of this, this
researcher found that a mixed-method examination of a student's STEM professional identity is
justified. To examine the STEM professional identity development of undergraduates, the
researcher attempted to apply the framework put forth by Nadelson (2017) in order to explain
how the experiences students were participating in influenced the Self-authorship and
professional identity development of students. The goal of this research was to determine how
the set of experiences the program provides, specifically the mentorship experience, influenced
the professional identity development of the undergraduates in the program. If the United States
is to improve the persistence patterns of underrepresented minority students in the workforce,
then something about the way that these students perceive themselves as members of the STEM
community, or do not, must be understood. In addition, as Estrada et al., (2016) indicated, the
activities that universities have put in place to “lift” student interest must be examined and when
successful, replicated. Only these programs that empower and encourage students to join the
STEM workforces are going to repair the leaky pipeline that exists from the beginning of their
undergraduate career to the workforce. The leaky pipeline is one that is used specifically in
regards to how females specifically, enter the workforce. They represent more than half of the
students earning doctorates in biology and the life sciences, but the majority do not achieve
tenure track positions at colleges or universities. Despite the original application of the metaphor,
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it also applies here as well: despite entering at approximately the same rate as their White and
Asian peers, URM students are not progressing through the coursework to graduate with a
STEM degree.
While the selected group of students does not represent a large portion of the students
that identify as Black or Latinx, it is important to understand the way that the interventions that
the program has put in place serve to “lift” and sustain student interests. Only through this
understanding, as Estrada et al., (2016) indicated, would it be possible for others to replicate the
interventions or to begin to understand the root causes of the systemic underrepresentation
problem. Moreover, the methods chosen and described in this chapter and later in more detail,
serve well to investigate and evaluate the role of intersectionality in the choices these students
have made and the ones they will make in the future.
Ensuring that the scientific community is diverse is extremely important because
scientific discoveries do not arise on their own, they arise through a diverse interaction of
multiple people. The Western idea of a scientist as one person who encompasses innate genius is
not the norm: most research is done in teams, and all team members share expertise and training
responsibilities of each other and new members to the scientific community. When new and
exciting discoveries are made, they usually come from the combined effort of these research
teams. Some have shown that when trying to solve complex problems, progress comes from
diverse perspectives (Surowiecki, 2005). In other words, the diversity of the people in the room
and their ability to see the problem from different angles is often more important to solving a
problem than intelligence alone. Diversity is essential to achieving quality work, and it is
essential to solving problems as well. Traditionally, the scientific community has been structured
around a meritocracy, wherein the assumption is that individuals with extreme talent will rise to
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the top. However, in instances where there have been generations of underrepresentation caused
by systemic marginalization, there is a need to actively cultivate talent and support those that are
entering STEM fields with their journey into the workplace.
In this chapter, I attempted to outline the project as it related to the problem that I have
observed through my research and observation in the world of education and the STEM
workforce. I also sought to briefly describe the theoretical constructs that guided this work and
the research questions that drove this study. Finally, I have gave a brief explanation of how I
analyzed both the quantitative and the qualitative data I collected and synthesized the data to
draw my conclusions. In the second chapter, I will seek to more fully describe the theoretical
constructs have I chosen, as well as to describe how these constructs influence one another.
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CHAPTER II
LITERATURE REVIEW
In this chapter, I list the identity and motivational frameworks that are used in this study.
Then I introduced the methods I used to conduct the literature review. Later, I described the
theoretical frameworks along with the empirical work to substantiate each. For each of the major
frameworks, they were defined, empirical studies and revisions or extensions were explained,
including the status of the particular framework in the. And finally, I concluded the review with
the rationale for what will guide the proposed work.
Methods of Literature Review
To accomplish a more complete understanding of the process by which a student’s STEM
Identity develops, a review of identity literature was undertaken firstly revealing some prominent
theorists in identity research. Secondly, a narrower scope was engaged to reveal theoretical and
empirical work that was done in the past on specifically STEM Identity development in young
people. In general, this research focuses more on early adolescent students, however, the work is
translatable to older adolescents, and even adults.
To conduct this review, a broad search of research completed. I conducted a search using
the Hunter College Library Databases and searched for articles specifically related to STEM
Identity development. This yielded over 350,000 matches. From there I excluded articles and
other matches based on date of publication, setting the original timeline to be 2010 and after. I
also selected all peer reviewed articles with a publication language of English that were available
online, leaving a little more than 196,000 (56%) matches. From there, I sought to exclude
irrelevant topics including articles about medicine and biomedical research and to focus on
identity development in Science, Technology, Engineering and Mathematics (STEM)
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specifically. In order to do this, I selected in articles that were classified under “social sciences”
and “education and educational research” and excluded articles with topics of “business and
economics, life sciences and biomedicine, political science, arts and humanities, foreign
countries, politics, studies, psychology, multidisciplinary, and communication, among other
topics that were irrelevant to this scope, leaving 891 (0.25%) matches. When applicable,
thereafter, I removed articles in Journals that were irrelevant for this scope, after examining the
articles that were published therein; for instance, I removed the Journal of Philosophy of
Education, based on the contents of the journal under the aforementioned criteria. In all this left
805 articles in my search, 0.23% of the original search results. I reviewed roughly 100 of these
articles and either included them in the study, or excluded based on further examination of the
contents of the study and its relevancy.
Upon completing this review, I was left with a understanding of professional identity and
its development, but wanted to also increase my awareness of the work the authors of these
articles built on. Seeking to build an even more expansive knowledge of identity formation, I
broadened my search to examine identity formation theory (including professional identity
theory) in general and dropped date restrictions, in this way capturing the work of Erikson and
Marcia and the earlier work of Baxter-Magolda, among others, who were influential in many of
their STEM Identity theories I examined in phase one of my search. I also sought out specific
journal articles published before 2010 when they were referenced or referred to in the original
selection.
Identity
To talk about how students’ STEM Identity develops, it is necessary to first define what
identity is and how it is examined. First in 1950 and then revised in 1963, Erikson describes how
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one’s childhood experiences shape the identity that is developed in our lives. Erikson added to
his theory throughout this career, writing Identity: Youth and Crisis (1968) and then The Life
Cycle Completed (1982). Youth in Crisis (1968), presented a theory of identity that was not well
operationalized for empirical research. In this book, he describes the Identity crisis that young
people go through as severe. The adolescents are confronted with multiple factors that make their
transition from childhood into adulthood difficult and as such, they are faced with a dramatic set
of challenges. The young adult must balance the desire to be an individual, but also to fit in and
find their palace in society. It is at this time that they are developing multiple identities based on
this desire, which might range from gender to sexual orientation to racial or ethnic. Because this
study focused on participants during their early adulthood phase of identity development, their
professional identity formation is influenced as well.
Since then, others have sought to better define his constructs to make them easier to apply
to research (Cote & Levine, 1987). A decade after Erikson’s first book, James Marcia expanded
on Erikson’s work and defined identity as, “an internal, self-constructed organization of drives,
abilities, beliefs, and individual history” (1967, p. 119). He was able to come up with four
identity statuses in which he was able to categorize adolescents’ level of identity formation.
These statuses were not intended to be used as a sequential process, but rather a category that an
adolescent is situated in after a particular identity crisis - or lack thereof. While this model is not
a model that is particular to STEM Identity formation, the structure has been tested and refined
and could be easily modified to assign students’ STEM Identity. This model came from Marcia
(1967) where he established the identity assignments based on the work of Erikson (1956). Since
then, he has been working to further this work through interview studies (Marcia, 1993). These
interviews were then analyzed to categorize these students into one of four categories.
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Identity diffusion is the status when students have not made a choice, nor are they looking
to make one: it is clear in this instance that the students are without an identity, but also, they are
okay with that for the time being. At this point in the students’ lives, there is not a crisis because
of this lack of identity. Identity foreclosure is the status wherein students are partially ready to
commit to some things about their future. These students tend to rely on the expectations of
others, specifically parents or caregivers when making their decisions. Because of this, it is
important to know that they have not done that much exploration on their own, but instead have
adopted the desires and expectations of these important others to guide them in their decisionmaking processes. The identity moratorium is the status in which the adolescent is in crisis. They
are exploring a variety of possibilities but have not made a decision. And finally, is identity
achievement. This status is when the student has gone through a crisis and comes up with a
strong sense of commitment to an identity as a result. Moreover, the identity is one they have
chosen for themselves (Marcia, 1993).
Science and STEM Identity
While Erikson and Marcia were primarily concerned with the identity development of
their subjects on a grander scale, others have focused their work on a particular facet of identity.
As previously mentioned, most present findings are based on gender (e.g., Jones, 1997), place in
society (e.g., Waterman, 1982), confidence (e.g., Laird, 2005), and professional engagement
(e.g., Sweitzer, 2009). A few have worked on the development of a person’s identity as a student.
And in recent years, because of the focus on fields in science, technology, engineering, and
mathematics (STEM), there has been some, but not a lot of work examining the experiences of
students in these fields and how their STEM identities have developed during their educational
experiences. Recently, various researchers have presented three different ideas about what drives
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student STEM Identity. The first is a sense of community as a STEM student and an affiliation
with others (Carlone & Johnson, 2007). The second is that the identity is constructed by external
and internal factors (Aschbacher, et al. 2010) and finally what matches between what they see in
the classroom and what they experience in the field (Archer at al., 2010). Thus, there is a
significant gap in the literature when it comes to STEM Identity development, specifically when
it comes to URM students.
Carlone and Johnson (2007) established a framework to examine STEM. From empirical
work, they were able to extract three components that are essential for the development of
identity: competence, performance, and recognition. Competence refers to how an individual
understands science. Performance refers to how an individual understands and utilizes science
practices. Recognition refers to how an individual gains recognition as a contributing member of
the science community (Carlone & Johnson, 2007). Their contention is that science identities
develop over time and they are only formed completely when a person is recognized by
“meaningful [scientific] others” for their work and participation in the field.”
Beyond the requirements to have the content knowledge essential to be considered a
scientist (competence) and to be able to use that content knowledge to fully examine a scientific
question (performance), Carlone & Johnson (2007) posit that students must recognize themselves
as a scientist as well as receive recognition from others that they are a science person. This
highlights the importance of social interaction in the conceptualization of science identity.
Students encounter science learning in a social environment, so their learning must be recognized
within their peer group as well as the people they are learning from. Others have found that
recognition does play a mediating role in the development of STEM identity, as well. Rodriguez,
Cunningham and Jordan (2019) found that their research participants identified self-recognition
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in many forms, and outside recognition came from any groups as well, including STEM peers,
faculty at their institutions and family. Additionally, Rodriguez, Hensen, and Espino (2019)
found that supporting recognition as a way to develop STEM identity at the community college
and university levels was an effective way to promote the self-conceptualization of
undergraduates, specifically diverse STEM students. The interviews that Carlone and Johnson
conducted in their 2007 study were also able to elicit different trajectories of the scientists they
interviewed. And they were able to categorize the trajectories into three divisions: the first is a
research scientist, the second is an altruistic scientist, and the third is an interrupted scientist.
In all three divisions, Carlone and Johnson found that for the women they interviewed,
recognition by others was something that came up across the trajectory groups, highlighting its
importance. Specifically, the research participants with “research scientist” identities were
passionate about their work and were able to both recognize themselves, and were recognized by
their colleagues, as “science-people” (Carlone & Johnson, 2007). An altruistic scientist, using
competence in their own specific scientific field to serve humanity, maintained the idea that
recognition was important but because of the mindset they were coming with, had to redefine
who the important “others” were. They did not necessarily seek the recognition of others in the
scientific community; however, they did seek the recognition of the important individuals in their
own communities, i.e., the ones that shared the same values as they did, or the ones they were
seeking to serve (Carlone & Johnson, 2007). An interrupted scientist trajectory does not actually
refer to a time where their actual trajectory to becoming a scientist was interrupted, but rather,
refers to a time in their training where they were able to identify when they felt neglected or
overlooked, stigmatized or discriminated against in their work by meaningful others. Because
they were recognized by a demographic factor they possessed and not as a scientist, they were
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labeled as having an interrupted identity because the recognition they were receiving by their
“meaningful others” was not about the science they were doing, but was instead interrupted by
the recognition of their race, gender, etc. (Carlone & Johnson, 2007).
This framework is somewhat problematic, for a few reasons, some of which the authors
identified themselves. Firstly, although it is part of their model, the authors admit they did not do
that much investigation into how the performance of the women affected the identity they held.
Additionally, the authors state that they do not want the interpretation of the trajectory data to
lead readers to conclude that these trajectories are fixed. These are the current identities of these
women; however, they are subject to change based on any number of factors. The authors
indicated they recognize the importance of the struggles that each woman had to undertake to be
in the position they were currently in and this was a fluid position, meaning that an interrupted
scientist could fight to shift their identity to research focused one, for example (Carlone &
Johnson, 2007). This leads to the conclusion that this type of identity might be environmental
(the place and colleagues that one works with might exact a large amount of influence); however,
the investigation of this was ultimately out of the scope of their study, and was not mentioned.
Additionally, the model places a requirement on the recognition of the scientist for their
STEM Identity to be complete. This is sometimes a difficult task to accomplish as a URM or a
female in the field (or the intersection of the two) because it requires recognition by the dominant
party (White males). Carlone and Johnson recognize this fact but decide to leave the component
in the model anyway, further underscoring their contention that recognition is important.
However, this actually underscores the importance of repairing the leaky pipeline because
providing a clear path to STEM identity development for URM students would mean exponential
possibilities for future STEM professionals: the more role models that look like URM students,
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the less URM students that exist, as more black and brown students will be encouraged to join
the workforce. The model also does not consider any environmental factors that students have to
contend with during the schooling, nor the dual-feedback nature of environment and identity.
Several attitudes have been tied to the development of science identity. Most commonly,
interest as an intrinsic factor is linked to identity. This means that the bigger the science interest,
the greater the science identity (Vincent-Ruz & Schunn, 2018). Also important is that when
interest leads to participation in science pathways and this participation leads to a career goal
(job or enrollment in postsecondary training) then a science identity exists (Vincent-Ruz &
Schunn, 2018). Learners form an identity based on a specific topic (e.g., a STEM identity) by
comparing their performance and characteristics with those of the older adults they are working
with. The experiences that the younger adults have with science while in school shape the
perceptions they have about their ability to perform in a particular field and how their selfperceptions align with the perceptions of the older adults in their field of choice. Many students
perceive a discrepancy between what it means to do science in a classroom and what it means to
do science in real life and therefore, depending on the direction this discrepancy takes them,
there may be a negative or positive impact on their science identity.
Another way to conceptualize science identity is from Stets, Brenner, Berke, and Serpe
(2017). In this paper, the authors speak about science identity as a role identity and seek to
operationalize several facets of work from the authors previously discussed. Once in this role,
students with a strong science identity will behave in such a way that they can convey their
identity as a student of science to themselves as well as others. The authors purport that the
converse is also true: if the student self-identifies as good at a subject (science) then their identity
will be greater than if they self-identify as not good at the same subject. This empirical work
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attempted to establish a link between students entering one entity (the economy) from another
(their school) by measuring self-reported science identity, how, and to what extent, others
perceive them as scientists (again, self-reported), Achievement Goal Orientation variables, grade
point average (GPA) and science behaviors. They conclude that it is not enough to have a strong
GPA in STEM classes. Students need to feel like there is a place for them, in addition to having
some self-efficacy with the subject, for their identity to remain strong.
Professional Identity
Professional identity is a type of identity, intersecting with but distinct from, other
identities people develop. Every person takes on multiple roles and identities in our lives. For
example, throughout one’s lifetime, one might identify as a son, brother, spouse, father, and
teacher. As Carlone and Johnson mentioned, there are content knowledge and performance
requirements that go along with establishing and maintaining a particular identity. The same is
true in professional identity. The behaviors that are associated with any professional role are
different depending on the differing contexts. For example, the professional identity of a teacher
is going to be different from that of a mathematician or laboratory biologist. These attributes of
professional identity are defined by the “important skills, knowledge, beliefs, and practices that
represent individuals in a profession” (Nadelson, 2017). Others, like Tan, van der Molen, and
Schmidt (2017) break down the components that are necessary for a strong professional identity.
They list knowledge of professional practices, having the professional as a role model,
experience with the profession, preference for a particular profession and professional selfefficacy as components that in sum, compose a strong professional identity. Unlike the work of
Carlone and Johnson (2007), they do not include recognition as a specific component of
professional identity, however, Rodriguez, Hensen, and Espino (2019) highlight the importance
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of a mentorship and presenting research as a way to build a sense of recognition within a student
themselves, as well as from outside entities. Like other identities, it is a process that is
undertaken through training and exposure, however, the stages are not very well understood or
agreed upon. In this way, it is necessary to, like Nadelson (2017), align the work that goes into
professional identity development to an existing framework to anchor and analyze the analysis,
like Self-authorship (Baxter Magolda, 2014). With the help of a framework like Self-authorship,
it will be possible to trace the development of identity by examining the students’ exposure to
different professional inputs such as professional discourse and the development of professional
practices.
Erickson (1968) described the process of identity formation as a slow and iterative
process. Professional identity has been described the same way: slow and with stages that are
changed as the individual evolves. Adolescents go through many manifestations of their identity
and those are replaced by newer ones as the adolescent progresses in age. Since Erickson, there
have been numerous studies that seek to explain the identity formation process of adolescents.
The majority of these studies focus on identity development based on concepts of gender. These
studies focused on how individuals conceptualize their place in the societies they live in and how
they engage with others based on what gender(s) they identify with. In particular, there has not
yet been an extensive body of research that focuses on students' identity development when it
comes to seeing themselves as STEM professionals.
Knowledge about Professional Practices
While students are completing their undergraduate studies, they should be exposed to and
learn the technical language of their chosen major and profession that would allow them access
to the community they are entering. By doing so, they will be increasing the knowledge and
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performance requirements that are essential to developing a STEM Identity. By the time students
finish their undergraduate work, this exposure should allow them to be versed in the professional
practices of their chosen profession: they should also be aware of the responsibilities they would
have to bear and what they would be held accountable for during their tenure as a professional.
Likewise, this professional knowledge should be recognizable by the students themselves and by
the others that are around them (Tan, van der Molen & Schmidt, 2017).
Having the Professional as a Role Model
Having access to professional role models is also essential to the development of a
professional identity. The presence of a role model in the professional life of a student is helpful
because it allows a bridge for the students to contextualize what they have learned in the
classroom and learn where that content knowledge fits in the real world. Learning from role
models is an active process that students have to consciously observe and internalize the
professional practices that are expected of them when they move into their chosen role. This
requires feedback from the role models themselves and sometimes in a way that pushes the
thinking and behaviors of the novice members of the professional practices. The students should
also be able to learn the professional practices from the role model and in doing so, gain the
ability to be recognized as a professional by others. As students work closely with their role
model and observe in their work environment, they can figure out how to deal with the problems
and issues that occur frequently in the profession (Tan, van der Molen & Schmidt, 2017).
Experience with the Profession
Experiences with the profession allow the student to see what it is like to be a
professional in that particular field. These experiences are necessary because it allows the
students to, like with understanding the professional practices for a particular field, situate what
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they learned in their classes into the real world. With the help of these experiences, students can
organize the content knowledge they have gained in their classes and begin to organize it in a
scheme that will allow the application of their knowledge in the future. As the schema mature,
the students will be able to receive and organize more and more content knowledge, furthering
their understanding of the field in which they have chosen to work (Tan, van der Molen &
Schmidt, 2017).
Preference for a Particular Profession
This factor refers back to the motivation that students feel about their studies as a desire
to be part of a particular profession. It is known from motivation literature that students feel a
higher level of motivation and willingness to do the work if they desire to be part of a specific
professional group (Freeman, Alston & Winborne, 2008). Additionally, when students are highly
motivated to be part of a particular group and/or for success, they work with a higher level of
autonomy and seek to recover from setbacks more quickly (Blackwell, Trzesniewski & Dweck,
2007). It is an important factor because if students can see themselves as a member of a
professional community, they will likely try harder and persevere when content or work becomes
more difficult. If the preference is not there, then the result will be more malleable based on the
circumstances the student encounters (Tan, van der Molen & Schmidt, 2017).
Professional Self-efficacy
Self-efficacy is ‘concerned with judgments of how well one can execute courses of action
required to deal with prospective situations’ (Bandura, 1982, p. 122). Similar to what has already
been explained above, but through the lens of self-efficacy, students with higher self-efficacy
will put forth more effort and demonstrate more perseverance. It is a parallel concept and
reinforces Preference for a Particular Profession in that the more that students feel self-
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efficacious, the more their preference and motivation will grow to be part of a particular
professional group.
Achievement Goal Orientation
Studies of motivation are typically concerned with how people initiate goals, steer their
direction, persevere and continue. Achievement goal theory is more concerned about the logic
behind the particular goal that people are motivated to achieve. The orientations that are
described below seek to describe the different possibilities that exist for a student setting a
particular goal for achievement (Maeher & Zusho, 2009). This includes physical and cognitive
behaviors. In educational settings, motivation has been linked to help-seeking behaviors,
persistence, and engagement, among others (Pintrich & Schunk, 2002). Some have also
established a link between motivation and how students interpret their successes and setbacks
(Meece, Anderman & Anderman, 2006). Achievement Goal Orientation (AGO) provides a lens
to examine how the orientation of STEM students, in particular, affects the success of the
students as well as how it is related to their overall Professional STEM Identity. The
achievement goal orientations describe “the purpose for engaging in competence-relevant
behavior” (Elliot & Hulleman, 2017, pp. 43).
Achievement goal orientation is situated in the social-cognitive view of motivation and is
considered one of the most important theories regarding motivation (Pintrich, 2000). The theory
has served to allow researchers to dissect and analyze how different classroom structures affect
the school-based performance of students. Goal theories of motivation focus on the types of
goals individuals pursue, rather than what their thoughts are on their ability. Theorists that use
AGO view peoples’ behaviors as intentional and directed towards a goal (Pintrich & Schunk,
2002). More specifically, these theorists focus specifically on how goals involve the
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development and demonstration of competencies. Nicholls (1984) wrote that “the distinguishing
feature of achievement behavior is its goal of competence or perception of competence” (p. 328).
According to AGO, students adopt one of these personal goal orientations, which can be
influenced by many different elements, e.g., the focus of the professors they have or their
characteristics. The goals that the students adopt affect the academic strategies they use and may
even impact their successes (Elliot & Murayama, 2008). The original framework for AGO had
two branches and included mastery and performance orientations. However, it has now grown to
reflect a four-goal orientation model (Elliot & Hulleman, 2017). Additionally, there are other
perspectives as well, for instance, Elliot, Murayama and Pekrun (2011) described a 3 x 2 model
of achievement goals which includes three definitions: absolute (task), intrapersonal (self) and
interpersonal (others) and two valences positive (approaching success) and negative (avoiding
failure).
Mastery orientation
Mastery orientation is based on the belief that doing well in a class or a subject is because
of effort and effective strategies that are employed to get a specific result. Individuals that
identify this way, or are measured to be this way, push themselves to increase their competence
by giving the most effort they can. Their focus will be on mastering new skills, trying to gain an
increased understanding of content and improving their competence in a particular field (Elliot &
Murayama, 2008). This approach, across a multitude of studies, has been shown to increase
adaptive patterns, which lead to high achievement as well as the ability and willingness to adjust
their course when encountering an obstacle to their progress. These students are more willing to
learn, show more resilience in the face of hardship or setbacks they are also more likely to
employ more complex learning strategies (Elliot & Murayama, 2008). Further disaggregation of
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the individuals in this category has led to two subclassifications. The first is the masteryapproach orientation. Students who are categorized under this orientation desire to learn as much
as possible, work hard to overcome challenges, and seek to continuously improve themselves
concerning a particular area of focus. A mastery-avoidance orientation describes individuals who
want to avoid doing worse than they have done before or failing to learn as much as possible
(Elliot & Murayama, 2008).
Mastery-approach goal orientation is considered to be the most adaptive and strategic of
all of the goal orientations (Pintrich, 2000; Hornstra et al., 2017). Students who adopt this
orientation are concerned with mastery and development of a complete understanding of the
content that is presented in the class. Numerous studies have shown that a high sense of
belonging or identity at school is related to students’ effort, achievement, and intentions to
persist (Goodenow, 1993; Allen et al., 2017; Won et al., 2018). More recent studies have also
shown that a sense of belonging to a group or an institution is related to persistence through
coursework and students’ achievement goal orientations (Won et al., 2018). A sense of identity
has also been identified as a significant predictor of engagement and persistence (Blackwell,
Trzesniewski & Dweck, 2007). These findings are related to achievement goal theory in that, it
indicates there might be a possible link between the topical identity that students possess and the
way they think about their learning. For instance, Blackwell, Trzesniewski and Dweck (2007)
indicate that there is a link between identity and engagement and persistence, which could easily
be linked also to a mastery goal orientation. If someone’s identity is high they are more likely to
be resilient against setbacks and difficulty in coursework and in their planned career trajectory
than if their identity is low. Mastery-avoidance goal orientation is considered slightly less
adaptive in that the students that develop this orientation worry that they might not learn all they
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could, or they are concerned that they will leave the class with an incomplete understanding of
the material that was presented. These students may express concern that they may not learn, “all
that there is to learn” (Elliot & Murayama, 2008, pp. 617).
Performance orientation
Conversely, a performance goal orientation focuses on doing better than others and
demonstrating competence, for example. In attempting to do better than others, a person can seek
approval from others around them, supervisors, mentors and peers. These individuals desire to
perform better than others so that their innate ability can be validated for themselves and the
peers that are around them (Hulleman, Schrager, Bodmann, & Harackiewicz, 2010). Students
that fall under a performance-approach category seek to prove themselves to others by
demonstrating their high abilities (Elliot & Murayama, 2008). A performance-avoidance
orientation describes individuals who strive to avoid looking incompetent, or less able than their
peers, by cultivating an appearance of effortless achievement (Elliot & Murayama, 2008).
Performance-approach goal orientation is considered by some less adaptive even still in that the
students that develop his orientation are concerned with their place in the class relative to the
other students that are in the class as well. They are most concerned about getting a better grade
and outperforming the majority of the other students in the class. Others consider this an adaptive
orientation because the students are concerned about outperforming others and therefore the
orientation can have positive consequences when it leads to success within the classroom (Elliot
& Murayama, 2008; Senko, 2019).
Performance-avoidance goal orientation is maladaptive in that the students that develop
his approach often are concerned about not doing poorly, i.e., getting through the course without
doing worse than others. These students harbor feelings of “not doing worse than others” and to
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“avoid performing poorly” (Elliot & Murayama, 2008, p. 617). While a performance approach
orientation can have positive effects, performance-avoidance students are working to avoid
getting the lowest grade, or to seem less intelligent in the eyes of their peers or professors (Elliot
& Hulleman, 2017).
Kaplan and Flum (2010) outline achievement goal orientations that are particularly
relevant to how students align themselves to and engage with their chosen areas of study in
university. Achievement goal orientation has become often used in educational research as a way
to explain achievement motivation, particularly in schools. Its ever-changing usage is
multifaceted, in that it has been used to explain and predict achievement, self-regulation, and
interest in particular subjects. Kaplan and Flum believe that one should invest effort and learn
from mistakes as well as discuss their mistakes in particular cases.
AGO can be conceptually related to Marcia’s (1993) identity achievement stage as well
as Carlone and Johnson’s (2007) research scientist trajectory. In the performance goal
orientations, students are either drawn to tasks that demonstrate their ability (approach) or they
avoid tasks that highlight their shortcomings (avoidance). In this way, students are more drawn
to the concept of recognition than anything else, something that Carlone and Johnson also
highlight in their work. And like Carlone and Johnson (2007), Kaplan and Flum (2010) also
speak to the fact that students can move fluidly between orientations as they progress through
their schooling as well. Students have higher levels of confidence depending on the environment,
content, peers, and that can change the way they perceive themselves and how they approach a
particular set of learning targets or a task. When those circumstances change, it is also possible
that the students’ identity will change as well, either for better or worse.
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In their subsequent discussion about identity formation, Kaplan and Flum (2010) draw
from Marcia’s work. They quote Marcia’s definition of identity (above, “an internal, selfconstructed organization of drives, abilities, beliefs, and individual history”) and speak to
Marcia’s claim that the process of identity formation involves two parallel subprocesses. The
first is that in order to formulate an identity, a student must gather information, question,
experiment, and reflect in a particular field. This is in direct agreement with Elliot and Muryama
(2008) and Carlone and Johnson (2007) in that students make a commitment to a particular field
and demonstrate competence by engaging with the normal behaviors of a professional in that
field to gain recognition and see themselves as professionals and the possibilities of what they
can accomplish. The second is that the student must set goals for themselves and formulate a
plan to work towards those goals. Inherent in this commitment is also the desire to learn as much
and as well as they can from any particular teacher in a field so they are successful in their future
endeavors. Additionally, the model proposed by Carlone and Johnson (2007) places a
requirement on the recognition of the scientist for their STEM Identity to be complete.
Also drawing from Achievement Goal Orientation, Matthews, Banerjee and Lauermann
(2014) framed identity as a set of internal and external values and perceptions that are related to
motivation. In this way, they were able to study how students’ internal values and external
perceptions were related to motivation and identity formation in middle school students. Their
study took into consideration how self-regulated learning affected the value and belonging in
middle school students while also attempting to measure how self-efficacy moderated the role of
SRL and identity and mastery. This demonstrated a link between the SRL and academic selfefficacy, and SRL played a strong role between belonging and low-efficacy students specifically.
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The authors develop a relationship between two distinct dimensions of academic identity (value
and belonging) as they relate to achievement motivation.
Self-authorship
Self-authorship is the ability of people to generate beliefs, values, identity, and social
relations (Baxter Magolda, 2001; Kegan, 1994). This is a skill and ability that is developed over
time, and many college-aged students do not have this ability when they enter college after high
school. The Self-authorship framework has three main elements. The first is that the individual
must learn to trust their thoughts and their responses. This means that when a student or person
realizes that something is out of their control, they can control their response to the situation and
learn from it. The second component is building an internal foundation. This happens when the
individual synthesizes their beliefs and values into a set of internal ideals from which they act
and make decisions. And finally, they must take the internal commitments they think about and
begin to take action on them to see them through. Moving from one element to another is a
constructivist and iterative process; as students begin to engage with the process, they build
knowledge about what their internal voice is telling them, which leads to a stronger internal
foundation and more action on the commitments they have made for themselves, this, in turn,
leads to stronger Self-authorship.
Baxter Magolda and King (2008) have established a link between Self-authorship and
intrapersonal and interpersonal growth, performance outcomes, identity, and motivation, among
other factors that support individuals taking control of their lives by increasing the strength of
their beliefs about their abilities and the goals that they set for themselves. When students move
towards becoming self-authored, they also can see knowledge as ever-changing. When this
happens, they also can understand and grow from setbacks they might experience, organize new
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information and make meaning of new information they receive either in a classroom or in a
practical experience. From there, their ability to continuously grow as an individual is continuous
(Baxter Magolda, 1999).
Self-authorship is a framework that outlines stages people progress through as they
develop personally and professionally (Baxter Magolda, 2001; Keagan, 1994). According to
Magolda and colleagues, Self-authorship is the coordination of beliefs and values that one person
has to rely on. This coordination allows them to make decisions about their life, their purpose,
and their identity. In the first stage, what Baxter Magolda called the following formulas or
External Formulas stage, people base their identity on formulas that have been established for
them by other people, all of these cues about their identity are completely located outside of
themselves and the usage of these formulas are mainly used to seek the approval of others in the
field. With a professional mindset, these people could be employers, professors, advisors, or
mentors; with other mindsets, these authority figures could be parental figures, classmates,
friends, or significant others. What is important to understand is that in this stage, the knowledge
that students have and make use of is situated in a strict hierarchy, and students more often than
not list to the knowledge of the older adults they are learning from and are not critical of what
they are hearing (Pizzolato & Olsen, 2016). According to Baxter Magolda (2001; 2014), there is
often little progress along the way of moving out of this stage while still in college, possibly
because of the overly structured way that knowledge is delivered from professors to students.
Students often do not make significant progress to the second stage until they have left the
university setting and entered the workplace.
In the second stage, the Crossroads stage, people begin to understand that there is a need
to establish one’s own set of beliefs and values within their personal or professional life and as
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such, they begin to move away from only listening to what others are telling them and towards
more fully listening to what is coming from within themselves. They begin to use this voice
more and more when making decisions thinking about their career and the trajectory they would
like to take. Inherent with this shift, there will likely be some amount of self-reflection because
they will at some point find themselves at odds with the people they used to listen to so carefully
before. There might even be a desire to isolate and pursue career paths that are more suited to
their interests and needs (Baxter Magolda, 2001). Additionally, there will be a focus of the
individual to develop more authentic relationships, ones that are not as focused on following the
examples and formulas that are set forth by the people they are working with. They are solely
reliant on the cues of other people, but rather, begin to think about how they fit into the
professional arena. What is essential to this stage is the desire to become more autonomous in
their new role and because of this, the individual will emerge with a clearer sense of direction
and a higher level of self-confidence at the end of this stage. Towards the end of this stage,
professionals begin to establish their own beliefs and also, they begin to defend their beliefs
against other perspectives that might be contrary. In this stage, there is also the recognition that
beliefs are contextual and, in this stage, individuals perform a great deal of self-reflection, which
pushes them to develop a stronger and clearer self-concept. Individuals in this stage also seem to
renegotiate some of their prior held beliefs (from authority figures in earlier stages, etc.) and
either form new beliefs or solidify the beliefs they held earlier. In this way, there is much selfreflection and contemplation in this stage that may lead to larger questions about one’s place and
purpose within a system of professionals.
In the final stage, individuals are “self-authored” in that they own a well-founded, selfdetermined system of beliefs. The decisions they make about their life and their careers are based
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on this foundation and they may feel a strong sense of responsibility to others that are in their
belief system. Because of their strong sense of belief, they might also accept ambiguity and
change easier than in previous studies as they can rely on their beliefs and experiences to guide
them through these challenges while still maintaining a sense of security in their work.
Professionals who are well established in their discipline would be considered to be at the
‘internal foundations’ stage. Similar to Trede, Macklin and Bridges (2012) and Nadelson (2017),
the process of professional identity development is an embedded aspect of the process of Selfauthorship.
Pizzolato and Olsen (2016) were able to disaggregate the components that makeup Selfauthorship and measure growth over an academic year. In doing so, they found that the
movement along these stages does not necessarily happen in lockstep, synchronous way.
Students might experience some of these qualities and not others and progress towards Selfauthorship in a way that is unlikely to mirror another student’s path. However, when students are
engaged in an assessment of professional identity and Self-authorship at the end of an academic
program, Johnson and Chauvin (2016) found evidence for all of the components of Selfauthorship as described above and also evidence of progress through the stages. Students may
have begun academic training at different places along the continuum of Self-authorship,
however, by the end of their training they were also moving in the direction of being selfauthored.
Nadelson (2017) applied the Baxter Magolda (2014) stages of Self-authorship in order to
develop a framework to explain the professional identity development of undergraduates. In each
of these stages, there are professional identity attributes that can be linked to the stages of Selfauthorship, while at the same time, linking to the experiences of an undergraduate and how they
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process and grapple with the decision that determines the trajectory of their college career.
Observing and following is a critical part of the first stage of identity development. This can be
seen in speaking with these individuals in that they will reference the courses they are taking, or
have taken, their degree aspirations; it also follows that in this stage, students will follow the
examples and directions of the mentors they are working with. In the questioning stage, it can be
assumed that behind these questions is the independent thinking of the individual, as they are
thinking about their field, and their place in it, there will be questions that come up about how
they are going to participate and integrate, as well as questions about the content they are dealing
with; likewise, at this point, individuals can be seen at a cross-roads because they are caught
between the thinking they have been doing on their own, and between what their mentor is
saying to them. In the developer and contributor stage, the students begin their path to Selfauthorship by offering new suggestions and ideas, but in a shy manner, still skeptical about their
place in the field. When students reach the collaborator stage, they are fully self-authored and
can contribute to the work in their field equally, conduct research, and generate new knowledge.
The sort of shift, from External Formulas to Self-authorship, described by Nadelson
(2017) happens when there is a careful construction of a mentoring partnership between the
advisor/mentor and the student. The learning partnership, first described by Baxter Magolda,
works to develop meaning for the student and to also push them into the later stages of Selfauthorship. In this way, the student and the more experienced adult can co-construct information
and meaning together and recognize when there is a difference in thought or commitment
between them. The student can practice what they have been striving for when this happens
because they are comfortable with identifying that their thoughts and commitments are different
from the other adult. Careful development of these conversations can encourage students to
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move towards Self-authorship early in their college career and therefore have a fuller
understanding of what their lives’ trajectories are and how they can accomplish those goals.
What is important to recognize is that the kind of questions that need to be asked to move a
person from someplace on the left of the spectrum towards the right are very complex, have to be
timed well, and are not the kind of questions that people often ask themselves without
encouragement. Estrada, Hernandez and Schultz (2018) followed students in their four years of
undergraduate education to monitor their growth on a scale that measured, science efficacy,
identity and values and found that a quality mentor experience was correlated with a growth in
all three variables at the same time. This research points to the same problem identified in
Estrada’s work: there is a leaky pipeline on the journey of URM students from undergraduate
coursework to the graduate.
How do institutions put interventions in place to assist with a repair? This research is
interesting as it includes the role of the social environment on the development of new members
of the STEM community. At first, they are greatly influenced by the people around them and
they gradually move into their own as time progresses, this sounds very similar to the model
used in this study, Self-authorship; students begin in the External Formulas section of the
continuum and gradually progress through their time and training to a point where they can
develop ideas of their own. Through their research, they were able to identify quality mentorship
and research experience of at least two semesters on the growth of student science identity and
efficacy during their time as an undergraduate, further supporting the idea that the mentorship is
an important part of the training one must undertake in order to be a successful member of the
STEM community. They also found that STEM identity was a unique predictor of obtaining a
job in a STEM field and remaining there four years after graduation, while the community factor
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was not as important. They hypothesized, however, that the community might become
increasingly important when predicting persistence in the field.
Training of mentors is an important consideration when thinking about the importance of
mentorship experiences in relation to building a STEM workforce. Hund, et al., (2018) took the
idea that STEM students need mentors and dove a little deeper into the process of developing
mentors. This is an important consideration because good mentorship experiences affect students
in a positive way, the opposite is also true, negative experiences affect students negatively.
Mentorship training at the college level is usually not accessible to faculty and in places where
there is mentorship models in place, the availability of feedback systems about the mentorship
experiences are limited (Hund, et al., 2018). When faculty at universities do not receive formal
mentorship training, they often rely on their own mentor experiences, which may or may not
produce positive outcomes for those students who are still in the training phase of their careers.
In the later parts of their research, they identify qualities that mentors must have in order to
produce successful mentorship experiences and methods to evaluate the presence or absence of
these qualities in the students’ mentorship experiences as well.
Summary
Much of what is known about Self-authorship is tied to investigating students’
perceptions of specific moments in time and how students relate to these emotions and
interpretations in time. Identity as a professional, a high level of motivation to learn, and a selfdriven idea about how they want their life to end up and how they see themselves as a member of
a professional community are all desirable outcomes from a college career. However, as students
leave the university setting, they need to be internally focused and motivated to become selfauthored and have their professional identity remain strong. There is a well-established body of
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literature that seeks to identify identity factors that can be measured in young adults ranging
from sexual and gender identity to racial and ethnic identity to identities surrounding disabilities;
however, there is a lack of focus on the STEM Identity of individuals studying science,
technology, engineering, and mathematics. Likewise, there is little to be said about the interplay
between identity and Self-authorship. While the terms of identity and Self-authorship are
different, many parts of their definitions are the same. Finally, what motivation goes into the
development of a strong identity and a path towards Self-authorship?
Much of the understanding of the process by which students develop their Self-authorship
is defined by investigating particular moments in students’ lives that are related. The proposed
researcher seeks to understand how continuous development of other factors helps to explain
how Self-authorship has developed in the course of a college career of a particular set of
individuals. From the above research and synthesis, a logic model has been developed as a
possible aid to assist in the understanding of how Self-authorship develops. This is presented as
Figure 3.
The proposed model maintains that there are positive relationships between STEM
Professional identity (higher score) and more adaptive achievement goal orientations,
specifically, the mastery approach orientation). These all positively affect achievement,
participation, and Self-authorship. Likewise, there are some intermediate effects as well: STEM
Professional Identity and/or Adaptive Goal Orientation, specifically mastery approach, will
increase achievement and participation and the opposite is true, as well. As achievement and
participation go up, because of the nature of the STEM Professional Identity scale, STEM
Professional identity and adaptive goal orientation will go up as well. When this happens, Selfauthorship will certainly shift in the authored direction. It is the expectation that because of these
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relationships after data is collected and analyzed, there should be some noticeable correlations
between Professional STEM Identity and Adaptive Goal Orientations and the output from the
interviews that are conducted in Phase 2. The constructs in this model have some overlapping
and unique ideas that make the measurement complicated and interesting. A chart for
comparison is included in Appendix 4.
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CHAPTER III
METHODOLOGY
In this Chapter, I illustrate how each of the selected survey instruments related to
answering my research questions and how they helped to describe a particular aspect of STEM
Identity. This is also outlined in Appendix 4. Secondly, I described the proposed research context
and research participants. Next, procedures and instruments for quantitative and qualitative
portions of the study were given. Finally, a description of the data analysis plans and how I
attempted to mix methods in the analysis and explanation was presented.
Research Context
This study took place in a large urban university system in the northeast United States.
The study recruited participants across eleven out of the seventeen community and senior
colleges. These campuses include Lehman College, Baruch College, Brooklyn College, City
College, The College of Staten Island, Medgar Evers College, City Tech, Queens College, Bronx
Community College, Guttman Community College, and Hostos Community College.
Participants were students who were or who had participated in an NYCLSAMP Fellowship. As
mentioned previously, in order to receive a NYCLSAMP fellowship within the City University
of New York system, students must meet several eligibility requirements, including holding
citizenship in the United States, successful completion of two semesters of college, with a GPA
at or above a 2.80, be a member of a historically underrepresented STEM group, complete a
seminar regarding the program as well as write and include a brief research summary. These
requirement as well as a brief overview of the program are discussed later in this chapter.
In this research, the students were referred to as Fellows. As of the Fall 2019 semester,
the University system was composed of a student body of 241,080 students with racial
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demographics as follows: 0.3% American Indian/Alaska Native, 21.2% Asian/Pacific Islander,
25.2% Black, 30.2% Hispanic, and 23.1% White (Total Enrollment by Race/Ethnicity and
College: Percentages, 2019). Overall, 74.6% of undergraduates were younger than 25
(Undergraduate Enrollment by Age and College: Percentages, 2019) and 92% of freshmen are
recent high school graduates (Admissions to Undergraduate and Graduate Degree Programs by
College, 2019).
Components of the NYCLSAMP Program
The particular experience that all of the research participants had in common is the
undergraduate Louis Stokes Alliances for Minority Participation (NYCLSAMP) program, which
was funded by the National Science Foundation. The program seeks to help diversify the nation's
STEM fields and broaden undergraduate participation in research while, at the same time,
building a supportive student community. The Fellows receive guaranteed placement with a
research mentor, a research stipend, guidance, and additional training from Faculty Coordinators.
In addition, because of their involvement in the research on their campuses, they will have the
opportunity to lead the undergraduate research communities on their home campuses and
throughout the CUNY system of schools (for a more complete description of the program, refer
to Appendix 8).
Padilla, Treviño, Gonzalez, and Treviño (1997) researched what specifically URM
students had to know and make use of to be successful students. In this study, Padilla, et al.
found four categories of knowledge, 1) discontinuity; 2) lack of nurturing; 3) lack of presence,
and 4) resources. When students did not have one or more of these knowledge categories, their
pathway through college and ultimately their STEM degree was much more complicated than
when they did know the particular area. The NYCLSAMP program seeks to address these four

50
categories of knowledge by supplying students with mentorship experiences, leadership roles in
undergraduate research communities, and a stipend. The work of Tinto (1993) played a major
role in the development of this program. The major goal of the NYCLSAMP program is to
combat the reasons for student attrition that surfaced in the research.
In order to receive a NYCLSAMP fellowship within the City University of New York
system, students must meet several eligibility requirements, including holding citizenship in the
United States, successful completion of two semesters of college, with a GPA at or above a 2.80,
be a member of a historically underrepresented STEM group, complete a seminar regarding the
program as well as write and include a brief research summary.
Mentoring
The National Academy of the Sciences specifically talks about mentoring as a
transformative experience for both the mentor and the mentee. Specifically in fields such as
science, technology, engineering, and mathematics (the NAS also adds medicine to transform
STEM into STEMM), mentoring is important in general and even more so when considering
groups that have historically been marginalized in our society. Mentoring has a unique effect on
the people that participate in it that it increases access, equity, and inclusion in the particular field
of STEM that the mentee is interested in.
Mentoring has long been identified as an essential component of post-graduate success: it
increases the likelihood that students will succeed, advance in their careers, and even publish
their work. The myriad benefits that mentoring provides to STEM students are one of the reasons
why it is such an important part of the NYCLSAMP program. Positive mentoring experiences
have been shown to increase persistence in graduate students and be one of the most important
factors when students reflect on what the factors were that pushed them to complete their STEM
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degrees. (Ashtiani and Feliciano, 2012; McGee and Keller, 2007; Solorzano, Ceja & Yosso,
2000).
Furthermore, specifically with students that belong to a historically underrepresented
group, such as women and minority students, mentorship at the undergraduate level increases the
likelihood that the students will be recruited into a graduate degree program, and once they are
accepted and matriculated, mentoring provide higher levels of integration in the STEM
community at their institution (Estrada et al., 2018; Thiry and Laursen, 2011). And these students
are more likely to publish their research when they are mentored than students who do not
receive the mentorship experience. In all, mentoring, when done effectively assists students with
their persistence through their STEM degree, developing a presence in the STEM community at
the institution where they are enrolled and in recruitment to higher-level degrees.
Stipend/Access to Resources
In Padilla et al. (1997), the final obstacle observed was financial resources. The research
participants in this study recognized limitations in their availability of funds and had gross
misconceptions about the financial aid system. Students that are looking to major in a STEM
field must plan for college, make themselves knowledgeable about the financial aid system in the
country in which they are enrolled, and take advantage of every opportunity to secure access to
funds once they are enrolled, limiting the financial burden. The stipend that the LSMAP provides
is not a cure-all for every student’s financial difficulty, however, it does provide some relief for
some students and serves to lessen the stress when students encounter a lack of financial
resources. Furthermore, in maintaining the other requirements, there is a higher level of access to
other types of financial aid that might further mitigate this stress (Ashtiani and Feliciano, 2012).
Developing a presence in the STEM community
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Allowing students to lead their peers in research discussions, for example, can be a
valuable experience as they seek to learn about the norms and expectations that STEM
professionals encounter in their everyday work. These experiences might grow from the work
with their mentor, but also can be supported by the work with the mentor. Leading a group of
peers in these experiences, or presenting the research they were involved in at a conference can
have a positive impact on the STEM Identity of a student in that through this process, they will
begin to see themselves as members of the community (Estrada et al., 2018).
Research Participants
The first phase of the study was a survey. For the survey, 50-60 participants were
recruited. The participants were required to be participants in the City University of New York
Louis Stokes Alliance for Minority Participation program (NYCLSAMP) who are currently
enrolled in the campuses listed above. These students were those that have qualified for and
received a fellowship to help support their studies in a STEM field. Students were recruited via
an email broadcast for survey completion and then additional follow-up study. Specific
demographics for research participants were determined upon the completion of the research
procedures; however, because the NYCLSAMP fellowships target Black and Latinx students,
specific demographics surrounding these two racial groups should predominate. Appendix 8
gives more information about the NYCLSAMP program at a national level and CUNY in
particular.
The data that was collected was displayed in Tables 1-10. Table 1 and 2 summarized
demographic data collected during the survey. Tables 3-5 summarized the descriptive statistics
for each measurement, and tables 6-8 presented correlations within the instrument and finally,
tables 9 and 10 presented correlations between the overall instruments as well as the subscales of
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the instruments. as overall scores to determine significant correlations between these examined
factors, additionally, subscales were compared to determine particular influence of a component
of the constructs examined. These factors were used later to situate the interview participants in
the context of the larger population.
Phase two of the study included a semi-structured interview. In this part, six interviews
were conducted. After the data was examined, a purposeful sample was conducted to select
interview participants that included science, engineering and math/technology majors, male and
female mix, albeit five females and one male agreed to move to the second phase. Additionally,
as expected because of the nature of the selection process of the NYCLSAMP programs, the
surveyed population only included URM students. The selection was limited to URM, but varied
from Hispanic to Southeast Asian to African and Afro-Caribbean.
Design
This study was an explanatory sequential design. This means that the first phase of the
study collected quantitative data that subsequently informed the interview questions asked during
the second phase. This design model was chosen in order to provide a method to not only address
the specific research questions proposed in this section, but also to go more deeply into the
impact of the program on the STEM Identity development of the participants.
Procedures
Phase 1: Survey Protocol
To conduct this study, an email broadcast was sent out to the participants in the LSMAP
program. Upon opening the survey, the potential participants were informed of the purpose and
the background of the study, as well as their rights as study participants, and then were allowed
to continue with the study or opt-out of the study at that time. After the potential participants
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opted into the study, these participants were asked to complete a survey about their experiences
within the program determined the achievement goal orientation and professional identity status.
Because of the timing of this study, namely that it took place in the middle of the Covid19 pandemic, there were some limitations with the data collection portion of the quantitative
portion of this study. Because of this, students were sampled across two cohorts instead of one,
and these results were collapsed by year based on the year of the student at the time of the
survey.
Phase 1: Survey Instruments
The quantitative section of this study was composed of three survey sections and a
demographic section. The first was a survey instrument developed by Tan, van der Molen and
Schmidt (2017) and modified for the specific purposes of this study. The second section of the
survey was composed of questions to research participants’ achievement goal orientation,
developed by Elliot and Murayama (2008), in the context of their STEM major. The third section
focused on the quantitative measurement of Self-authorship. As previously discussed, measuring
Self-authorship has been historically complicated and time-intensive because the predominant
measurement technique has been through semi-structured interviews. In order to circumvent this,
a quantitative measurement was important because it provides a way to efficiently locate
students on the Self-authorship continuum. Finally, the last section of the survey collected
demographic data on the research participants, including, but not limited to age, race, gender,
family levels of education, and a self-report of STEM achievement, to be used later in data
analysis. This instrument is included as Appendix 6. All questions, excluding consent and
demographic questions, were randomized by the survey software within the specific instrument
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sections, i.e., STEM Identity questions were randomized within that section; they were not
mixed with AGO or Self-authorship questions.
STEM Identity. The measurement scale was created by Tan, van der Molen, and
Schmidt (2017) and consisted of 25 items for the five dimensions of professional identity
described above. An overall professional identity score is calculated by combining the scores
from each of the factors. The factor Knowledge about Professional Practices (n = 6) consisted of
items that sought to understand how individuals perceive their ability to function as a
professional in a particular field. Two sample items are ‘I have a good idea about the rules and
regulations in the industry’, and ‘I know the nature of the work I will do in my future work
environment.’ Experience with the Profession (n = 6) includes ‘I have interacted with
professionals in the industry outside of the university or events organized in the university’ and
‘I work part-time in (or am running) a business related to what I am studying.’ In Having the
Professional as a Role Model (n = 5), two examples are ‘I admire most those teachers who are
professionals in the area that I would like to enter’ and ‘When working on problems in class, I
imagine myself to be in the shoes of a professional in my future work environment.’ The
Professional Self-efficacy (n = 6) factor consisted of items such as ‘I have no doubt that I will
master all the skills necessary to succeed in my future work’ and ‘I am sure I will have no
problems dressing and behaving professionally in my industry.’ The fifth and last factor,
Preference for a Particular Profession consisted of two items: ‘Do you already know what kind
of work or profession you prefer?’ and ‘I am already pretty sure what kind of profession I will
enter after completing the polytechnic or university education’ (Cohen’s d = 1.65). All the items
except one were on a five-point Likert scale, with 1: Never True, 2: Not Really True, 3: Neutral,
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4: Somewhat True, and 5: Definitely True. The exception was the item, ‘Do you already know
what kind of work or profession you prefer?’ which required a Yes or No reply.
Tan, van der Molen, and Schmidt (2017) reported that construct validity was measured in
three stages. The first stage was to specify and test the five-factor model the authors proposed in
their scale. This was done by confirmatory factor analysis (CFA). The results of the CFA
suggested there was a reasonable fit of the data for the five-factor model. The CFI was reported
to be 0.90 and the RMSEA at 0.05. There was, however, a Chi-squared/df of 2.84, p < 0.001,
which the authors reported may suggest otherwise; however they cite the large sample they have
and its influence on the results observed. The second stage was to determine if the factor
structure of the scale was similar across two independent samples and the researchers found that
the model was highly stable. The third stage involved a comparison of the student responses
from the main sample categorized as low and high overall professional identity scores to
ascertain if the expected differences were found in all five factors. In this analysis, the two
groups of high and low mean professional identity scores were found to be significantly different
in all five factors. Effect sizes for each subscale ranged from 1.29 to 1.78 and reliability factors
were acceptable for research as well, ranging from .65 to .82.
Achievement Goal Orientation. The items used to measure Achievement Goal
Orientation were modified from Elliot and Murayama (2008). It was created with 12 items for
the four dimensions (n = 3 items for each dimension) of achievement goal stances described
above. The Mastery-Approach Goal items consisted of items such as “My aim is to completely
master the material presented in this class,” and “My goal is to learn as much as possible.” The
Mastery-avoidance goal items consisted of items such as “My aim is to avoid learning less than I
possibly could,” and “My goal is to avoid learning less than it is possible to learn.” The third
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factor, The Performance-approach goal consisted of items such as, “My aim is to perform well
relative to other students,” and “My goal is to perform better than the other students.” Finally,
the Performance-avoidance goal stance consists of items such as “My aim is to avoid doing
worse than other students,” and “I am striving to avoid performing worse than others.” The items
included in this measurement were on a five-point Likert scale, with 1: Strongly Disagree, 2:
Disagree, 3: Neutral, 4: Agree, 5: Strongly Agree.
The authors reported that the construct validity of the instrument was measured and
confirmatory factor analyses (CFAs) were conducted. They used several different indices to
evaluate the fit of the models. When the CFA was conducted, the factor loadings were all high,
ranging from .93 to .73. Chi-square/df (48, N = 229) 78.32, p < .01, 2 /df 1.63, CFI .99, IFI .99,
RMSEA .053. In addition to these data, all of the subscales demonstrated high levels of internal
reliability: for mastery approach goals (.84), mastery-avoidance goals (.88), performanceapproach goals (.92), and performance-avoidance goals (.94).
Self-authorship. The items used to measure Self-authorship were modified from
Creamer, Baxter Magolda, and Yue (2010). It was created using 17 items that were organized by
the phases and dimensions of Self-authorship evolution described in Chapter 2 (phases: external
formulas, Crossroads, self-authoring; dimensions: epistemological, interpersonal, intrapersonal).
To develop the survey researchers administered it to 183 third- and fourth-year college students
in upper-level information technology classes and a significant portion of the respondents were
male (68%), and the researchers acknowledge that the sample is smaller and more homogenous
than ideal. These groupings were confirmed by the authors. The survey instrument consists of
items that are associated with not only a phase but also a dimension of Self-authorship. For
instance, in the external formulas phase, epistemological dimension, the prompt was: “[T]o make
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a good career choice about a career, I think that facts are the strongest basis for a good decision.”
However, this was adjusted when moving into the Crossroads phase, epistemological dimension:
“[T]o make a good career choice about a career, I think that it is largely a matter of personal
opinion,” and then finally for the early self-authoring phase, epistemological dimension: “To
make a good career choice about a career, it's not a matter of facts of expert judgment, but a
match between my values, interests, and skill and those of the job.” The correlated phases were
measured to be external formulas to crossroads (r = .37), Crossroads to early self-authoring (r
= .89), and early self-authoring to External Formulas (r = .30). These values were all statistically
significant when reported; the lower values were expected to be lower, as this was consistent
with the theory of Self-authorship. For instance, the lowest value, r = .30, was expected to be the
lowest because it is the correlation between the beginning phase (External Formulas) and the
final phase of early Self-authoring of Self-authorship. The reliabilities are weak and range from a
low value of .58 for External Formulas to a .62 for crossroads to finally a highest of .70 for early
Self-authorship. The reliabilities for the dimensions, were also reported, epistemological, 0.59,
interpersonal, 0.61, and intrapersonal 0.71.
Phase 2: Statement of Positionality
I entered this research as a white male educator. I am the son of white parents and my
family’s immigration story is one from long ago. There is no question that I am the recipient of
privilege that was inherited because of the color of my skin and my gender, and I admit, I was
unaware of the privilege both my gender and race afforded me as a younger person, even an
undergraduate student at a private university. Currently, I work at a school in the Bronx, where
less than 1% of the students I serve look like me. In the course of my growth as an educator, I
have also become more and more aware of the privileges that I have been afforded and have
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sought out programs in my own school that has given my students the opportunity to experience
math and science in New York City and world around them, and not just through rote
memorization that they might experience otherwise. In my feedback to and work with other
teachers, I emphasize the importance of a grounding experience or set of experiences they use
again and again in their classrooms in order to spark the interest of their students. I write this
because as an interviewer of black and brown people, and a re-teller of their stories, I feel that it
is important to highlight where I come from and acknowledge how this might influence the
interpretation of the data I collect.
Phase 2: Interview Protocol
Upon completion of the survey, students were given the opportunity to identify
themselves as willing participants in the interview phase of the study. It was the original plan for
this research to group these students based on the data derived from their survey responses in
order to allow for a purposeful sampling of the students who agreed to participate in the
interview phase of the study. It was also part of the original plan to pay special attention to the
interview participants’ demographics in order to include a cross section of race, ethnicity, or
gender (ideally an intersection of these) and also based on response patterns for identity,
achievement goals, and Self-authorship. However, due to the small pool of students, any student
who volunteered for the interview phase was contacted to participate. After students identified
themselves as willing participants in the second part of the study, they were contacted to set up a
mutual time for the interview to be conducted. Upon engaging the participant in the interview, a
confirmatory acknowledgment of their willingness to participate was collected and the
participant consented into the interview phase of the study.
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The interview instrument was guided by the work of Nadelson (2017) and Selfauthorship. Using this work as a guide allowed the researcher to be grounded in the theory of
Self-authorship and able to integrate Identity and Self-authorship during the analysis of the data.
Because of these methods, the students’ stories were introduced to give voice to their trajectories
into a particular STEM field. The interview started with some basic questions but gave the
interviewer time and access to push respondents to elaborate. In the course of the elaboration, the
researcher elicited information about the placement of the interviewee on the continuum of Selfauthorship. Information was collected about the student on their motivation for pursuing a STEM
degree, along with how they viewed themselves as part of the STEM community. In the course
of this conversation, their thoughts about the role of the mentor in their development of STEM
Identity and their current placement on the continuum of Self-authorship were also elicited.
Students were also asked about their involvement in content-based extracurricular activities, as
well as work experiences while pursuing their STEM degree to assess their level of commitment
that existed outside of the classroom and/or other commitments they have experienced that might
have taken away from their ability to join in content-based extracurriculars. While these
questions served as the basis of the interview process, the interview was open-ended and the
research participants were able to add to the interview itself, refer back to a question asked
previously in the interview and add as much detail as possible to their responses. Moreover, the
researcher will ask follow-up questions as necessary.
Phase 2: Interview Instrument
The interview questions were developed using modified questions from Nadelson (2017).
Additionally, data on voluntary student involvement in major-related activities was be collected
(presentations, journal clubs, extracurriculars related to their major, etc). The interview consisted
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of questions to substantiate the self-reported Identity and goal orientation measurements, as well
as to allow participants to elaborate on any of the experiences they had in their time as a Fellow
that facilitated their identity development. During the interview, the participants were also asked
about how they identify on the continuum of Self-authorship. The interviews were audiorecorded and transcribed verbatim for the in-depth analysis, to be described later. The instrument
is included as Appendix 6.
Data Analysis
Quantitative Data
After the survey was closed for responses, student responses were downloaded from the
online survey software. After data were downloaded, it was examined to clean for incomplete
responses, examined for deviations from normality and outliers, which can drastically impact
analysis results. After these initial exams were completed, the scales designed by Tan, van der
Molen, and Schmidt (2017), Elliot and Murayama (2008) and Creamer, Baxter Magolda and Yue
(2010) were recreated using the current study data. After the constructions were complete, the
data was examined to estimate reliability. These data were be reported within their own specific
sections in Chapter 4. Finally, correlations were calculated to determine how related each
measurement is with the others, to get at a more granular answer to the question of how to build
STEM Identity, the correlations of the subscales were also examined. The data were then
analyzed to elicit any general trends and to develop questions that could be added to the
interview instrument. This synthesis will help to explain the quantitative findings using the
qualitative data gathered in the interview sessions.
After the interview was complete the total picture of the students that participated in all
phases of the study will be synthesized to explain the quantitative findings using qualitative data
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gathered in the interview sessions. Because of limitations arose from sample size, only bivariate
correlations were calculated and reported for this study.
Qualitative Data
After the participants completed the survey, they were asked if they were willing to
participate in the interview phase. The interview was recorded, deidentified and transcribed.
Coding was conducted in NVivo 12 Qualitative software. Transcribed interviews were read by
the researcher and were be coded to identify major themes as per the research questions.
Thematic analysis was grounded in a priori coding structure based on the theoretical framework
components, the preliminary analysis from the survey, and the Self-authorship framework. In the
first round of coding, the researcher will use a priori codes based on the concepts that had guided
the design of the interview protocol. Emergent themes were developed from this first round.
Code co-occurrence and nested coding (Saldana, 2013) indicated that there were larger
theoretical ideas in the data.
Mixed Methods Synthesis
The biggest highlight of mixed methods research is that it is the collection of both
quantitative and qualitative data (Wisdom & Creswell, 2013). At the end of the data collection
process, it would be a disservice to the participants to only present the data side by side and
ignore any increased explanatory power surfaced by combining the research methodologies. In
the explanatory sequential design such as what was utilized for this study, interview questions
about interactions with mentors and principal investigators might help to elaborate on
quantitative data. It is important to be able to elaborate on and explain the quantitative data using
the personal stories of the interview participants to demonstrate a more complete understanding
of the development of STEM Identity. In this way, the research participants have an opportunity
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to share their own stories about how their professional STEM identity and Self-authorship have
developed in the course of their schooling and their experiences within the context of the
NYCLSAMP program. In addition to vignettes, line-by-line coding of each transcript was
completed. If there was a code that I recognized emerging themes that were not previously taken
into account, I added it to my code deck in NVivo. Once coding was complete for all interviews,
the researcher returned to the first interview and went through the set again, making sure that all
codes, a priori and in vivo, were accounted for in each interview. The major themes that were
identified will be the basis on which recommendations for policy and practice are structured.
Because the conceptual framework of Self-authorship was identified for this study, it was
necessary to frame these results in the context of this concept. Interpretations included how the
actions of the interviewed students aligned with the idea that they are aware of the control they
have in relation to their destiny, and that they understand the decisions they make are purposeful
to that end. To borrow language and labels from Nadelson (2017), it might be useful to use the
constructs of “Observer and Follower,” “Questioner,” “Developer and Contributor,” and
“Collaborator” to categorize not only the people that respond to the survey questions but the
answers they provided during the interview. This not only enabled the researcher to categorize
students, but it also opened the door to further questions to elicit more insight into the set of
experiences that pushed students’ thinking.
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CHAPTER IV
FINDINGS
In this Chapter, I reintroduce the research questions I will attempt to answer. As part of
the reintroduction, I also illustrated how each of the selected survey instruments related to
answering my research questions and how they helped to describe a particular aspect of STEM
Identity. This is also outlined in Appendix 4. Following this, I described the results of the
quantitative portion of my study and how the results informed the evaluation of the individual
research hypotheses. I also presented correlations between the measurements in the study. I also
described the findings from the qualitative portion of the study by presenting six vignettes of the
students who participated in the interview portion of the study. Their responses were analyzed in
great detail and the findings were presented as well. Finally, connections to the literature for both
the qualitative and quantitative findings were discussed to situate them in the greater field of
literature and research. Additionally, I will attempt to integrate the findings of each of the
particular interview participants with the quantitative information gathered about them to show
how the results of the individual analyses were aligned with the information gleaned from the
interview.
Research Questions
1. What are undergraduate URM students self-reported STEM Professional Identity scores,
achievement goal orientations and placement on the continuum of Self-Authorship?
a. How do the URM undergraduate STEM students self-report their STEM
Professional Identity (instrument modified from Tan, van der Molen, & Schmidt,
2017)?
b. How do URM undergraduate STEM students self-report their achievement
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orientation (instrument modified from Elliot & Murayama, 2011)?
c. How do URM undergraduate STEM students self-report their Self-authorship
(instrument modified from Creamer, Baxter Magolda & Yue, 2010)?
2. What are the correlations between the overall scores and subscales of these
measurements?
3. What common activities have the research participants engaged in that have played a role
in the movement from an External Formulas stage of Self-authorship to a Crossroads or
early Self-authorship stage?
Research Hypotheses
1. After the analysis is complete for the quantitative scales, it can be expected that the
following relationships will be present:
a. The higher score on the STEM Identity scale, as measured, (overall and individual
factors), the more likely it will be that a student also possesses a mastery approach
orientation, and therefore, there will be a positive correlation between STEM
Identity and students having a mastery approach orientation) (Elliot & Murayama,
2011; Tan, van der Molen & Schmidt, 2017). In addition, the lower the identity
score is for a particular participant, the more likely that is that the student will
possess either a performance approach or avoidant orientation.
b. The higher score on the STEM Identity scale, the more likely it will be that the
student will have a more advanced placement on the continuum of Selfauthorship. For instance, with a higher measurement on the STEM Identity scale,
it is hypothesized that the student will also be situated in a Crossroads or Early
Self-authoring position, and not a External Formulas position on the Self-

66
authorship measurement (Tan, van der Molen & Schmidt, 2017, Creamer, Baxter
Magolda & Yue, 2010).
c. The more advanced placement on the continuum of Self-authorship, the more
likely it will be that a student will have a mastery approach orientation and the
less likely it will be that they will have a performance approach or avoidant
orientation. For instance, the students that are situated in a position of early Selfauthoring will also possess a mastery approach orientation. (Creamer, Baxter
Magolda & Yue, 2010; Elliot & Murayama, 2011).
Quantitative Results
Self-Reported Values of Survey Instruments
In the time the survey was open, there were 62 responses. Out of these responses, 18
were not usable because the respondent did not make it past the survey preview page in Qualtrics
or because of incomplete data sets (less than 50% of questions answered), leaving 44 remaining.
Out of these 44, there was a response loss of another four because the logic in Qualtrics
identified the participant as unable to proceed (due to an age less than 18, for example), leaving
40. From there the sample pool was further reduced by ten because the students, at the time of
the survey administration, were not enrolled in the NYCLSAMP program; when they answered
no, Qualtrics forced them out of the survey. This left 30 usable responses. One final removal was
completed because out of the 74 survey and demographic questions asked, only two were
answered (2.7%), the rest were left blank. Of these remaining 29 responses, relevant
demographics are detailed in Tables 1 and 2.
Table 1
Research Participant Demographics at Time of Survey (N = 29)
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Gender/Race

Total

Black

Latinx

Other*

n

%

n

%

n

%

n

%

Female

17

58.6

2

58.9

2

11.8

5

29.4

Male

11

37.9

4

36.4

2

20.0

5

45.5

Declined

1

3.45

-

1

100.0

-

Note: Other includes: Asian, American Indian or Alaska Native, White or mixed race (where the
subject identified two or more races in the survey)
Table 2
College Represented in Study by Year (N = 29)
Institution/Year

Total

in School

Second Year

Third Year

n

%

n

%

n

BC

1

3.5

1

100.0

-

BCC

2

6.9

1

50.0

1

50.0

KC

1

3.5

-

1

100.0

CC

3

10.3

-

3

100.0

CT

3

10.3

1

2

66.7

CSI

1

3.5

-

1

100.0

HCC

3

10.3

3

100.0

-

LC

4

13.8

1

25.0

3

QC

3

10.3

3

100.0

-

33.3

%

75.0

1
3.5
Other
Note: BC-Baruch College, BCC-Bronx Community College, KC-Brooklyn College, CC-City
College, CT-City Tech, CSI-College of Staten Island, HCC-Hostos Community College, LCLehman College, QC-Queens College
Descriptive Statistics
As previously mentioned, this study used three quantitative instruments. The first the
research participants were exposed to was the professional identity survey (modified from Tan,

68
van der Molen, & Schmidt, 2017). This survey measured professional identity levels in the
participants as they are preparing to become active members of their field. As mentioned earlier,
it was composed of 25 items across the five domains that resulted in an overall professional
identity score. Because these research participants were all still in their undergraduate careers
and not yet working in the field outside of their mentorship experiences, the scale was
determined to be a good fit. The size of this sample is small compared to the number of students
that are participating in the LSMAP program, and this will be presented as a limitation of the
study later, in Chapter 5. An average score, standard deviation and Cronbach’s alpha values were
calculated for each subscale, this is reported in Table 3.
Table 3
Descriptive Statistics for Professional Identity (N = 29)
Mean

Standard Deviation

Scale Reliability

KAPP

3.76

.70

.80

EWP

3.40

.64

.65

PRM

3.52

.54

.68

PSE

3.93

.51

.74

Overall

1.73
.84
14.61
Note: KAPP-Knowledge About Professional Practices, EWP-Experience with the Profession,
PRM-Professional as a Role Model, PSE-Professional Self-Efficacy
Although the reliability values in two scales, “experience with the profession” and
“having the professional as a role model” were below the standard cutoff for research of .70,
these results are in line with the original publication; they listed reliability scores within a range
of .65 to .85 (Tan, van der Molen, & Schmidt, 2017, p. 1514). In all of these subscales, the
participants rated themselves fairly high, indicating high prior knowledge and comfort level with
their particular field of study. In addition, the standard deviation for the subscale measurements
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was fairly low, meaning that there was not much divergence from the subscale means calculated.
The identity total score was calculated by summing the four scales created from the survey data.
The average participant had a score of 14.61 (SD = 1.73). Considering this was a score out of 20
points, this number represents a fairly high self-reported identity measurement. In addition, the
deviation from the mean was low, indicating a fairly homogenous group when considering their
professional STEM Identity.
The second instrument was an Achievement Goal Orientation measurement, developed
by Elliot and Murayama (2011), which was composed of 12 items to group individuals into one
of four orientations. An average score, standard deviation and Cronbach’s alpha values were
calculated for each subscale, this is reported in Table 4. The scale includes three questions per
orientation, yielding a possible maximum score of 15 on any particular orientation. In the data
collected, the highest sum was 13.48, belonging to the mastery approach orientation, likewise,
this orientation had the lowest standard deviation, again, indicating a fairly homogenous group.
Likewise, this orientation matches the high Professional STEM Identity described earlier.
Table 4
Descriptive Statistics for Achievement Goal Orientation (N = 29)
Sum

Standard Deviation

Scale Reliability

M-AP

13.48

1.86

.84

M-AV

12.00

2.48

.78

P-AP

11.90

2.65

.73

P-AV

11.83

2.62

.86

Note: M-AP-Mastery Approach, M-AV-Mastery Avoidance, P-AP-Performance Approach, PAV-Performance Avoidance

Finally, participants were asked to respond to a measurement of Self-authorship,

70
developed by Creamer, Baxter Magolda and Yue (2010), which used 17 items to categories that
placed participants into one of three phases, as previously discussed: External Formulas,
Crossroads or early Self-authorship, these descriptive statistics are illustrated in Table 5. The
reliability measurements were all in the low range for this scale. Although they were comparable
to the published values by Creamer, Baxter Magolda, and Yue. This instrument as used proved to
be somewhat problematic; the details of these limitations will be discussed later, in Chapter 5. In
order to illustrate quantitively, what the data collected illustrated, some different data points are
illustrated. For this instrument, the scores for each phase of Self-authorship were calculated as an
individual sum that was tied to each subject at each of those phases. In this way, each participate
could have a three-part score for the instrument that put in rank order, which phase the particular
participant was highest, lowest and in the middle. This way, the tendency towards a particular
phase could be conceptualized. These three-part scores will be addressed during the vignettes in
the qualitative section. For the purposes of this section, however, the means and standard
deviations of the summary scores are reported.
In this case, the highest mean reported indicates a high score for external formulas phase,
followed by the early Self-authorship and then crossroads. This is a divergence from the other
two instruments that were used in this study, in which participants rated themselves on the higher
side of Professional STEM Identity, or the more desired orientation of mastery approach. The
standard deviations were fairly low, however, again indicating that the sample of students were
fairly homogenous in their answers.
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Table 5
Descriptive Statistics for Self-authorship (N = 29)
Mean

Standard Deviation

Scale Reliability

EF

6.28

.82

.66

CR

5.06

.80

.64

ESA

6.22

.90

.58

Note: EF-Early Foundations, CR-Crossroads, ESA-Early Self-authorship
Scale Variable Intercorrelations
Within the professional identity measurement, correlations were determined between
each of the four scales. The two correlations that are significant are between Knowledge of
Professional Practices (KAPP) and Professional as a Role Model (PRM) (.44, p < .05) and also
Professional Self-efficacy (PSE) and Professional as a Role Model (PRM) (.76, p < .01), both of
which point to the importance of a mentor in the Identity development of a young STEM
professional. Discussion about the importance of a role model will occur later, in Chapter 5.
Table 6
Correlations between Professional Identity Subscales (N = 29)
Measures

KAPP

EWP

PRM

1. KAPP

-

2. EWP

.29

-

3. PRM

.44*

.33

-

4. PSE

.27

.21

.76**

PSE

-

Note 1: KAPP-Knowledge About Professional Practices, EWP-Experience with the Profession,
PRM-Professional as a Role Model, PSE-Professional Self-Efficacy
Note 2: *p < .05; **p < .01
The next set of correlations that were calculated were the correlations between the
different types of Achievement Goal Orientations. The participants responded to the items based
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on a four-point Likert scale (1 = strongly disagree to 5 = strongly agree) and then responses were
averaged to for indexes for each orientation. These responses were then correlated with one
another. The only two significant correlations that were found were the correlations between
Mastery Approach and Performance Approach (.34, p < .05) and Performance Approach Goals
and Performance Avoidance Goals (.69, p < .01), all are displayed in Table 7. Their goals are to
perform better than others or at least not worse than others.
Table 7
Correlations between Achievement Goal Orientations (N = 29)
Measures

M-AP

M-AV

P-AP

1. M-AP

-

2. M-AV

.28

-

3. P-AP

.34*

-.03

-

4. P-AV

.12

.19

.69**

P-AV

-

Note 1: M-AP-Mastery Approach, M-AV-Mastery Avoidance, P-AP-Performance Approach, PAV-Performance Avoidance
Note 2: *p < .05; **p < .01
Finally, each participants’ scores for each of the three phases of Self-authorship were
calculated. In the original publication, Creamer, Baxter Magolda and Yue (2010), the authors
describe calculating the average score for each phase of Self-authorship and then from there,
developing a three-part score to indicate the tendency towards a particular phase of Selfauthorship. For instance, a score of 1-2-3, would indicate that the early Self-authorship phase had
a higher score than the Crossroads and External formulas. For the purposes of these quantitative
analyses, the scores were calculated for each phase of Self-authorship and then correlations were
run as described below. The three-part scores were also calculated and will be discussed as part
of the mixing and qualitative analysis. In the original study, all three pairs were found to be
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statistically significant, this study only produced two statistically significant pairs, as seen below
in Table 8. The others make sense to be significant by the same logic used in Creamer, Baxter
Magolda and Yue (2010): there is a difference between Crossroads (CR) and Early Selfauthorship (ESA, .40, p < .05), as well as ESA and External Formulas (EF, .46, p < .05).
Table 8
Correlations between Self-authorship Subscales (N = 29)
Measures

EF

CR

1. EF

-

2. CR

.03

-

3. ESA

.40*

.46**

ESA

-

Note 1:EF-External Formulas, CR-Crossroads, ESA-Early Self-authorship
Note 2: *p < .05; **p < .01
Correlation Matrix Across Instruments
The correlations between subscales are interesting because one is able to begin to
understand how each component is related to the others and also how the continuums work for
both Identity and Self-authorship. However, the hypotheses for this research are focused on the
relationship between these measurements. These comparisons are slightly more complex because
the authors suggest calculating them differently: Tan, van der Molen, and Schmidt (2017)
suggest calculating the overall scores by a sum, Elliot and Murayama (2011) suggest combing
specific answers in their scale to develop a matrix that will show the individual orientation for
each research participant and Creamer, Baxter Magolda and Yue (2010) suggest comparing the
scores from each of the three phases to determine an overall placement. For instance, a higher
score within the question group that aligns with early Self-authorship would denote that that
particular participant is also more aligned with developing Self-authorship; another’s score that
is greater in the Crossroads domain suggests that these participants are more aligned with
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developing their place in the profession as aligned to the Crossroads phase. Because of this, a
slightly more complex matrix was developed to compare the overall Professional STEM Identity
score with the individual achievement goal orientations and the different phases of Selfauthorship. Additionally, in order to isolate a particular component of professional STEM
identity that could be a potential standout, this scale was also disaggregated and compared to the
achievement goal orientations and the individual phases of Self-authorship, this data is presented
in Table 10.
The analysis between the scores for STEM Identity, Self-authorship and the achievement
goal orientations did yield significant values that were aligned with the hypothesis for this
research. The first value that was significant, albeit moderately, was the correlation between the
mastery approach orientation and STEM Identity, .48, p < .01. Additionally, the performance
approach orientation was also moderately correlated, yielding a significant value of .36, p < .05.
Finally, the correlation of early foundations scores to the performance avoidance goal orientation
yielded a moderate, negative significant value of -.32, p < .05. The other significant values in this
set are within the individual instruments, and were already discussed in Table 6, 7 and 8.
The analysis between subscales yielded the following observations, some of which are
expected based on the correlations between instruments. For instance, knowledge about
professional practices is linked with a moderate negative correlation to external formulas, -.34, p
< .05. This makes sense because as knowledge of the different professional practices increases,
the tendency towards looking to another individual for feedback will decrease. As experience
with the profession grows, so will knowledge about the different professional practices that
would be expected. Likewise, this experience likely comes with the influence of someone else,
i.e., a mentor, a principal investigator, etc., who will guide your practice, so the presence of a
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mentor is significant in gaining effective work practices, yielding another moderately strong
positive correlation of .57, p < .01.
Next are the correlations between the mastery approach orientation and the professional
as a role model (.33, p < .05), professional self-efficacy (.69, p < .01) and the STEM Identity
score as a whole (.48, p < .01), respectively. These three significant correlations indicate that a
mastery approach is linked to an overall sense of being able to handle the demands of a particular
academic topic or task. These people are up for the challenge of the work, learning as much as
they can from the individuals around them and increasing their competence with a particular
task.

76
Table 9
Correlations across instruments (N = 29)
Measures
1. STEM ID

STEM ID

M-AP

M-AV

P-AP

P-AV

EF

CR

ESA

-

2. M-AP

.48**

-

3. M-AV

-.01

.28

-

4. P-AP

.36*

.34*

-.03

-

5. P-AV

.02

.12

.19

.69**

-

6. EF

-.08

-.03

-.15

-.003

-.32*

-

7. CR

.12

.15

-.06

.29

-.06

.03

-

8. ESA

-.11

.15

.10

.18

-.01

.40*

.46**

Note: STEM ID – Combined STEM Identity score, M-AP-Mastery Approach, M-AV-Mastery Avoidance, P-AP-Performance,
Approach, P-AV-Performance Avoidance, EF-Early foundations score, CR-Crossroads score, ESA- Self-authorship score

-
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Table 10
Correlations across instrument subscales (N = 29)
PRM

STEM ID

M-AP

M-AV

P-AP

P-AV

EF

CR

KAPP

1. KAPP

-

2. EWP

.39*

-

3. PRM

.11

.57**

-

4. PSE

.31

.31*

.53**

-

.68**

.80**

.72**

.70**

-

6. M-AP

.26

.18

.33*

.69**

.48**

-

7. M-AV

.02

-.09

-.15

.24

-.01

.28

-

8. P-AP

.28

.19

.30

.27

.36*

.34*

-.03

-

9. P-AV

.15

-.07

-.05

.02

.02

.12

.19

.69**

-

10. EF

-.34

.02

.10

.05

-.08

-.03

-.15

-.01

-.32*

-

11. CR

.15

-.01

.07

.25

.12

.15

-.06

.29

-.06

.03

-

12. ESA

-.01

-.28

-.14

.16

-.10

.15

.10

.18

-.01

.40*

.46**

5. STEM ID

EWP

PSE

Measures

ESA

-

Note 1: KAPP-Knowledge About Professional Practices, EWP-Experience with the Profession, PRM-Professional as a Role Model,
PSE-Professional Self-Efficacy, M-AP-Mastery Approach, M-AV-Mastery Avoidance, P-AP-Performance Approach, P-AVPerformance Avoidance, EF-External Formulas, CR-Crossroads, ESA-Early Self-authorship
Note 2: *p < .05; **p < .01
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Qualitative Results
Vignettes will be used to create a description of each student and their experiences as
upcoming members of the STEM community. Demographic data of the five interview
participants are listed in Table 11.
Table 11
Research Participant Demographics at Time of Interview (N = 6)
Age

Gender

Year in School

Race

Ayleen

20

F

2

Asian

Challen

25

F

2

Black

Alexandra

19

F

2

Black, Hispanic

James

30

M

3

Hispanic

Frances

22

F

3

Black

Adele

20

F

2

Black

Pseudonym

Note: Demographics identified by participants
Ayleen - Student Vignette
Ayleen was a 20-year-old undergraduate engineering student of Indian descent at a senior
college within the CUNY system. She was a participant and member of the executive board of an
engineering honor society. At the time of the interview, she was working to catch up to graduate,
as she had started her engineering major late after spending a year doing pre-medical
requirements. While it is not uncommon for undergraduates to change their major, she expressed
that she was embarrassed to tell people that she was behind a year in her studies. While her
chronological peers were seniors, she stated that she told people she was a junior from the start to
avoid any embarrassing questions and answers. This sentiment came in sharp contrast when the
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researcher expressed that many people chose to change their major in college and there was
nothing to be embarrassed about and she responded:
I just kinda feel like I graduated from high school a year early so I was always like telling
people like yeah, I'm on top of the game I'm gonna graduate like mad [very] early. And
then now I'm kinda at the same level as everybody else. I'm just like yeah, I'm a junior
I'm not a senior.
So, in fact, she was not embarrassed about having switched her major but the fact that she
started college a year early and now is going to finish at the same time “as everyone else.”
Because of the nature of identity development and the many factors that play into it, all
interviewees were asked about their race and how they perceived it to have an influence in their
choice of major, specifically in deciding to become a STEM major. Ayleen identified that
coming from a South Asian household definitely had an influence on her choice of major. She
stated a feeling that her career path was somewhat predetermined and that, “I feel like because I
grew up in a South Asian household that's why my career was always like oriented toward
medicine.” She did encounter some difficulty at first though; she was not a fan of the biology
classes she was required to take as part of her pre-requisite classes for medical school and that is
why she switched to engineering: she stated that there were “too many things [in the classes she
was required to take] that she did not want to do, and so she found an alternative.”
It was important for her parents to know that she was able to be able to support herself in
her career. In hopes of finding some middle ground between her parents’ aspiration for her to
become a [medical] doctor and her distaste for the sight of blood or the thought of surgery, she
decided on biomedical engineering. That being said, however, the decision is not just merely to
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appease her parents; she found some real interest in the field, specifically in how the brain works
in conjunction with the nerves and the functions in the body that the nervous system supports.
She was not employed outside of school, and because of restrictions during the Covid-19
pandemic was living at home with her parents. She lived with a younger sister and brother, who
were in their first year of college and in high school, respectively, at the time of the interview
and she gives him encouragement with their studies since they are both at home again. She has
some responsibilities at home to help around the house and occasionally cook for the other
members of the family that are home but nothing that would take away from her studies or
school-related activities.
In the course of the conversation, she did note that she did consider herself a member of
the STEM professional community, although that membership was derived primarily from the
comparison of the classes that she took compared to the member of the pre-medical community
she knew from the past:
Most of my friends are pre-med and they’ve never taken more math classes than just Calc
1. So then when I tell them like yeah, I already did Calc 2, Calc 3, differential
equations …they're like, ‘Wow you're really an engineer.’ And then I'm just like no that’s
like the basics.
Again, this idea reinforces her membership status to be contingent upon things that she is
doing that her peers are not, i.e., graduating early from high school, taking differential equations
and other advanced math courses, and “she got it all she's done she knows everything,” but she
admits that, as she is talking to me, and does not know what is going on in one of her engineering
classes. There is an interesting dichotomy between what is presented outwardly to her peers and
what she is internalizing to herself while she is doing work independently. When examining her
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Achievement Goal Orientation data, her mastery approach score was the lowest score and the
performance avoidance score was the highest, substantiating somewhat, the idea that she is
attempting to maintain appearance with her peers. Earlier, she mentioned, when asked about the
influence of her race on her choice for major, “I wanna be an artist or I wanna be like a singer
like my parents would be like no you're gonna become a doctor or that's it.”
Ayleen concentrated primarily on the difficulties of catching up when asked about her inclassroom experiences and what she does not like as a future STEM professional. It was a major
theme of her interview to be frustrated by the extra time the undergraduate degree was taking
because of her switch after freshman year. For instance, she was not able to take one of the
classes that she needed for her major and she had to substitute another class in order to remain
“full time” in school. She expressed that this experience made her feel as if she was out of place
or sequence in her academic journey. Later, when she was able to take the class these thoughts
repeated, and she expressed that her experience would have been better if the class was taken
later after [the one that was missed]. She said that she ended up being a year behind in her major
just because she could not take one class.
Her experiences outside of the classroom, at the time of the interview, were somewhat
limited by her time in the major, but also because of the restrictions that the global pandemic
placed on the interaction between faculty and students. She described meeting with her professor
a couple of times before the pandemic to learn about her research but since that, the interactions
have been fairly limited to online exchanges of articles. Another professor she had more
interactions with, she stated, helped her identity formation because she taught Ayleen that “the
research matters” and there is value in that work, even if there is not an invention that cures an
illness that comes out of it. She did have plans to begin work in a lab during the semester after
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the interview took place, although the restrictions that were in place in the CUNY system were
still being decided so she was unsure about the extent of participation she would be able to have
in the work.
As a member of the STEM community, when a level of Self-authorship was at the
Crossroads state or later, she would have to have some influence on the people around her. She
expressed that she was an influence on her siblings, parents, and other relatives. Her parents are
also influenced by her choice, in that they are really proud of her and brag about her to their
friends, “my daughter’s doing [engineering]. It’s really hard but she’s doing it and then on top of
that she's doing like a minor in psychology.” She also expressed that she is able to help others
and encourage others she is not related to but is close to nevertheless, “I’m always able to help
[her boyfriend] or I’m always able to just give him a little push or just tell him what he needs to
do.” In her contributions to society, she has plans to use the degree to work and, “be able to build
something or like figure something out in the brain that just kind of helps people.”
In summary, at the time of the interview, Ayleen was still at the beginning of her identity
development. She answered every question unless pushed in a different direction by follow-up
questions from a student perspective, i.e., “in class,” or “my classes.” Her primary focus in the
interview, as stated before, was on the frustration of starting college a year early and then
finishing a year late (but really just on time with her aged peers). On her self-report data,
however, she had a slightly above average identity score (15.00; M = 14.63, SD = 1.73). This
average was lower than expected. Her achievement goal orientations on the survey tended to
skew more towards the avoidance approaches, corroborating the conclusion that her identity is
relatively immature. She is focused on avoiding mistakes and not quite secure in her position as a
member of the STEM community. In the constructed scales based on the Self-authorship part of
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the survey, her external formula score was the highest followed by crossroads and early Selfauthorship, which makes sense in the context of the interview, her three-part score as described
by the authors was 1-3-2.
Challen - Student Vignette
Challen was a 25-year-old undergraduate chemical engineering major/ English minor at a
senior college within the CUNY system; previously, she completed a degree at a community
college, also CUNY. Challen is of Guyanese descent, identifying as black. She was a participant
and member of the executive board of an engineering honor society. At the time of the interview,
she was working in her third year of coursework and preparing for the next steps in her career.
She told the researcher that she actually came upon chemical engineering by accident once she
immigrated to the United States, about five years prior. In Guyana, she did not grow up wanting
to be a chemical engineer, simply because there was not such a thing: “where I’m from we don’t
offer chemical engineering as a major so it is not like I always wanted to be a chemical engineer
as a child.” Once she was here, however, and enrolled in a school, she was fortunate enough to
match up with a Chemistry professor who gave her the idea to enter into chemistry and chemical
engineering. This professor was at a community college in the CUNY system, where she
completed a two-year degree. While working with him in his laboratory, he suggested that she
continue her studies in Chemistry and she ran with it. She liked the work she was doing in the
lab, although she did admit, “it is not for everyone ‘cause it’s very repetitive” but she enjoyed the
“routine, repetition and the quiet,” and so it seemed a good match for her. From there, things
seemed to work out going forward. She was able to find summer research programs to attend and
programs like NYCLSAMP at her current institution that reinforced her decision to “keep saying
yes to [Chemical Engineering] because it seemed to keep saying yes to [her].” Despite this
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gradual gravitation towards Chemical Engineering, she described at the end of the interview that
even though she knew that the costs associated with a doctoral degree in Chemistry, or a related
STEM field would likely be covered in full, she was not planning on pursuing a degree higher
than what she was on track to graduate within the next few semesters (bachelors):
Because of my experiences, I’m pretty sure I don’t want to do my Ph.D.…It’s strange
cause I was trying to get the degree for the kind of work I wanted to do but then I think
it’s kinda possible to do the work I want to do without doing the five years…I kind of just
want to work in the industry and I can be part of research that way, without having to
lead the research; I don’t need to be the senior scientist or PI, just put me on a bench and
let me do the repetitive stuff.
This was surprising because through all of the pivoting she had done, she kept moving
forward with her schooling. She continued to explain that she was happy to complete the
mechanical and repetitive work that others asked her to do, and not to lead that work. She knows
what she likes about the field she has chosen and wants to stick with it. It makes her happy and
she is able to also consider other things in her life that might bring her joy. In this way, the level
of Self-authorship seemed slightly higher. The quantitative measurement supports this claim, as
she had the second-highest overall Self-authorship score reported on the survey. There is some
growth that has happened there that has not happened with others that responded.
This could be because of the difficulties he experienced in her academic journey since
high school. These difficulties included, for instance, a tumultuous senior year of high school.
During this time, she lost sight of her academic aspirations and “failed the year…and tanked my
GPA.” It was her resolve to begin a career in STEM or a health field, however, that pushed her to
enroll in the two-year program and then transfer up to the four-year program. She said, “I kept
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having to pivot, but then the pivots kept working out.” She has learned in this journey and knows
now that she has to be flexible with her plans and cannot lay out this linear path to retire at 65.
Likewise, she has learned that the path can be stressful and that sometimes she needs to pause
and take care of herself to make sure that the “pressures and anxieties of school” do not
overwhelm her and take over the journey. Later, at the end of the interview, actually, she added
that the first couple of semesters had been difficult for her academically as well and that the path
was a little less defined:
There was a point where I wasn’t sure I was gonna stick with it so when I transferred I
completely flunked my first year so for two semesters I was on academic probation and
the whole nine yards and um as a matter of fact when I was trying to apply for the
NYCLSAMP program I didn’t even qualify ‘cause I had like a 2.0 or a 2.2 or something
so like I really had to like weigh the pros and cons and ask myself like why am I doing
this? To see if it was worth it.
But it was worth it and during the time she spent considering it with her mentors and family, she
found the resolve to stick with Chemical Engineering.
During the rest of the interview, she did not identify any other barriers to her success. She
was able to secure a place in a prestigious summer program, she’s been included in executive
boards in extracurriculars that relate to her major, she has found internships and laboratory
mentors at her universities that have allowed her to explore different avenues within the STEM
workforce. She did not identify money as being a “real problem” during that part of the
interview.
Later in the conversation, she did identify herself as “a baby Chem E” but when pushed
for clarification about what that meant so she described it as a Chem E professional in training.
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And this description translated outside of the interview as well, she said she describes herself to
others as a Chemical Engineer in training, or Chemical Engineer. Further clarification resulted in
the acknowledgement that to people at “school” she was in training, but others, she was already a
member of the Chem E workforce.
She does talk about the fact that she is a STEM major necessarily when she is around
other people outside of the college, and does not think that others have the idea that she is a
“STEM” professional necessarily, but they do know that she is going to school for something
“difficult.” In classes outside of her major, she does not talk about chemical engineering either;
for instance, in her English classes, no one knows her major, she’s just another face in their class.
She’s not hiding it, she is a member of the executive board of both the American Institute of
Chemical Engineers and the National Society of Black Engineers, but instead, she chooses to
have conversations about Chemical Engineering with people that are also interested in Chemical
Engineers and the rest of the people, she retains her own personal identity of Challen.
Despite feeling like she has a place at least in the novice community, there is still much
that she would like to learn. She identified that she was very interested in separation processes
and because of the COVID-19 pandemic was having some materials shipped to the house by the
university so she could work on some of the lab exercises at her house. Those are the processes
and that is the content she enjoys learning about. And when her family (specifically she
identified some cousins) asks her about what kind of job she is going to have when she
graduates, it is not someone that is going to cure cancer (“that’s what everyone thinks”), but
rather something that is more aligned to an industrial process because that is what she likes: “I
am probably gonna make lotion, or perfume or wine or something.”
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The pressure of being in a STEM field is something that she has noticed she does not
like. She states that there is an assumption that because she is a STEM major, that people
automatically think she is “really smart or something” but instead she feels like “[she’s] average
kind of but I feel like people label me as smart.” From there she paused and said:
STEM people aren’t doing themselves any favors when they make it seem like it’s
something only smart people can do. It makes people intimidated and I think there are a
lot of people who are capable of pursuing STEM but they write it off as like a smart
people thing…. like it’s an elite club. It’s a double-edged sword…it’s bad for the people
in it and it’s bad for the people out of it too.
Behind this was an idea that you have to work hard, but if you are interested in the topic or field
that it is something that can be done. It is not necessarily innate intelligence that is a necessary
prerequisite for entering into the field, but rather a willingness to work hard and to persevere
through the tough topics and times.
In the series of questions that ask about perceived influence, her answers were a little less
defined than Ayleen’s but still significant. In her student groups in class or on the extracurricular
activities she was part of, she identified herself as a leader in those groups. She has the ability to
influence the decisions of others and their thinking. Likewise, in her English minor classes she
admits to bringing her analytical skills to the papers and projects she writes, although jokingly
she stated, “oh, well, I hope not!” In her family she is often asked questions about products that
the family is using or thinking about buying, from lotions to medications, so although earlier she
stated that she tries to keep her Chem E and familial lives separate, the family knows and does at
least attempt to rely on her developing expertise. Her advice about what lotion to buy: “Whatever
is on sale.” And finally, as far as her influence on society in general, she stated that:
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Once you graduate you have like way more impact people believe what you say so
like you have potentially like impact on the environment um yeah you have like impact
I think that's my primary concern, like the impact that I have on the environment.
Despite having benefitted from “choosing Chem E” she also has seemed to have found a niche in
the field and is content, quoted earlier, she said, “I can be part of research that way, without
having to lead the research; I don’t need to be the senior scientist or PI, just put me on a bench
and let me do repetitive stuff.” Her identity, although it is still changing as she is progressing
through school and learning more and more about the possibilities, seems to be set on doing the
bench work where she at first was approached with joining the STEM field. She has received
recognition from others and internally about her competence and performance, in that she has
been selected to work in labs on and off of her college campus and is content with that. Given
that, her professional STEM identity scores are lower than might be expected, similarly to
Ayleen. Overall, her identity score was a 14.70, out of 20. The highest scores were in Knowledge
of Professional Practices and Professional Self-efficacy, while the lowest score was in Having a
Professional as a Role Model. This points to perhaps the fact that at least part of the work she
had been doing outside of the classroom was interrupted because of Covid-19. In achievement
goal, she scored highest on the avoidance scales, indicating that she is attempting to avoid
negative comparisons with her peers; perhaps a possible reason why she does not talk about her
major unless she is around other Chemical Engineering majors. Finally, an analysis of her
responses to the Self-authorship survey were analyzed, and her three-part score was a 3-2-1,
indicating a tendency towards External formulas. In the context of the interview this also fits, in
that she is content with taking directions from another person, and completing the repetitious
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bench work, literally waiting for someone to tell her what to do and how to do it. It is actually the
definition of External formulas.
Alexandra - Student Vignette
Alexandra is a physics student in a senior college within the CUNY system, she
identified as a mixed-race student and later explained that her father was black and her mother
was Spanish. The decision to become a physics student was not influenced by the fact that she
came from a mixed racial background, however, she had done some thinking before our
interview about what that would mean for her as a professional in that she knew that:
The other people in my major and in my field don’t…aren’t my identity like there are not
many mixed-race women or at least the majority aren't them so it wasn’t something that I
would feel bad about, I just prepared myself for being the only mixed woman in my
classes.
Later she continued on that this was not a consideration she had for her time at college,
but for her future as well:
I knew from jump it wasn’t going to be like women and women who look like me
specifically, it was more like white men and that would be generally everywhere or at
least in this country that and a lot of the laboratories I would go to that it would be mostly
white men.
In Alexandra’s case, specifically regarding her gender, she had considered before the
interview how she would situate herself in a future place in the workforce, was where the most
focus was during the course of our conversation. She seemed like she knew not only what the
landscape of physicists would look like when she graduated, but also was prepared for this, and
relatively unphased by the prospect of being, quite literally, the only mixed-race female in the
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room. This did not stop her or seem to offer any resistance to her plans to become a physicist.
She described the prospect as more motivating, as physics was a passion that she had since she
was a child. She was also proud of the opportunity that she would have to show others that she
can do the work and make contributions.
Although, early in her childhood, she described an exposure to astronomy, she also had a
self-guided interest in the topic and science in general. When she progressed to middle school,
she was actually homeschooled. During this time, when she was not doing lessons with her
family, she spent time on the internet researching topics that interested her. It was because of this
independent time that she further honed her interest into astronomy and began to realize that is
what she would want to do with her life. Stemming from that interest is a desire to investigate the
unknowns in the universe and to unpackage the answers so she can better understand what is
happening in the universe and also share this knowledge with others in the field and also to lay
people.
Currently, Alexandra is working on a quantum entanglement project with one of her
professors. When asked what quantum entanglement was, in one sentence, she was able to, with
relative ease, come up with an idea, albeit somewhat anthropomorphized and reductive, which is
sure to be appreciated by the lay people she explains it to. The idea is that “particles are always
mixing up into each other and then falling out of each other like people in love. They can fall in
love, get all up into each other and then at one point they drift away.” There is some truth to this
description in that the particles are said to be entangled when neither particle can be fully
described without including all of the data from the other. This description is indicative of
understanding and internalization of the content in that she is able to explain and so that a lay
person understands it. Does someone in casual conversation need to know about all of the details
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that go into this branch of quantum mechanics? No, but this scenario allows a lay person to walk
away understanding that she is studying if and how two particles are inextricably linked.
Unlike others so far in this interview series, in the course of her life as a growing
scientist, her plans have not really changed all that much, however, her view about the plans
have changed. At first, because of her love of astronomy and space, the desire to work at NASA
and be a researcher was there. This came about mostly as she was in middle and high school.
College has introduced her to topics in physics that she was not exposed to before and she
describes the new exposure as allowing her to fall in love with quantum mechanics and
developing an understanding of the base particles of our universe. As she was speaking about
this, she clarified that really her view was something that changed. At first, she had a very broad
understanding of the physics that she was exposed to, but now has developed a more
sophisticated understanding of physics and found the small niche she would want to pursue in
graduate school.
This kind of mindset makes sense when considering Alexandra’s viewpoint on the level
of participation that she can have as a professional. While she would consider herself as a
member of the STEM community, she would not yet consider herself to be a STEM professional.
And this is confirmed when looking at her Professional STEM Identity score, a 14.27. While this
is not the lowest score calculated, in the subscale Experience with the Profession, she scored a
2.83, which was one of the lowest scores for that particular subscale. When asked why and she
stated that she felt she would have to have a certain amount of educational experience in order to
consider herself a member of the professional community, and at the point of the interview she
did not have that yet. This aligns to the External Formulas stage of Self-authorship; she is
seeking to bring together multiple ideas and viewpoints and synthesize them into something of
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her own. It is something that makes sense considering at the time of the interview she was only a
sophomore, and just started taking the specialized classes she would need to take for her major.
Despite being somewhat skeptical about her ability to influence what is happening in the
laboratory, she does recognize that she is an influence on her family and friends however. She
said that both her family and friends would recognize her as a STEM professional or a STEM
student because of the research she is doing. These two separate considerations are confirmed
when calculating her Self-authorship three-part score, a 3-1-3.
For Alexandra, taking more rigorous and specialized courses has allowed her to become
excited about what she is going to be learning and how problems are thought about. This is more
easily linked to the work that she wants to be doing when she is in graduate school and beyond.
Her engagement shows up in the way she is orienting herself to the coursework as well. Her two
highest scores were in the Mastery Approach and Mastery Avoidance orientations,
demonstrating that she is focused on learning as much as she can now that she has begun the
major related coursework, albeit with some hesitation sometimes to fall behind her peers.
James - Student Vignette
James was a 30-year-old mathematics major/ computer science minor at a senior college
within the CUNY system; previously, he completed a degree at a community college, also
CUNY. He identified himself as a Hispanic immigrant from Ecuador. At the time of interview,
he had completed three years of his course program. As an undergraduate student, he did not
place too much value on race and how it affected his career choice. He did speak to the
importance as he came to the country, only a few years before, to do the best that he can. He said
that, “the thing is like when you’re Hispanic and you come to this country, I been here just for 6
years, you come to a mentality that you wanna do the best you can to, for you.” Perhaps because
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of his age, compared to the other undergraduates interviewed, there was not much reference to
his parents. He was married, living in a different country than they were and relatively
independent. His parents did not have as much influence as others, Ayleen for example, who had
moved back in with them when the Covid-19 pandemic struck.
In search of a job, James had been a participant in many research projects, big and small
by the time we talked. He told me that he seeks these paying internships out because he does
have concerns about money. He has a house, a car, and a partner and has to contribute. More
than any other interview, money was brought into the conversation. This happened in the form of
talking about tuition waivers for STEM students, reasons for entering the STEM profession, and
which professions can demand the most amount of money. James informed me that he had
thought about getting his actuary license “to have options”:
What I have learned being open minded is really useful. Think about the fields that are
related to what you are studying. If you do more things that are related to that, it makes it
better. What I would like to learn is to spend more time in the actuary field, I have been
focused on math and computer science, but I would like to do that too, to keep the
options open…It’s not like I have lost interest I math or related to math, but it’s like the
most I can learn, I feel better about it. Knowing that I can help a little bit now and later
doing something bigger to find something new, I like that.
In fact, after the official part of the interview was over, James asked the interviewer about
their work and what coursework he would need to complete to go into teaching. James presents
like someone who has it all going in the right direction. He has been selected for multiple
research projects to put his mathematical and computer science knowledge to the test, his
Professional STEM Identity score is high, and he has a desirable achievement goal orientation.
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However, his Self-authorship score was a 3-1-2, indicating that his tendencies move towards
External formulas. This would normally indicate a participate that is more unsure about their
place in the world, however, in James’ case, when examined alongside of the other two
measurements, perhaps it is because he would like someone to give him a formula for where he
should end up?
When he came from Ecuador, he started at a community college in the CUNY system,
and then transferred up to a four-year college. He did not identify any real troubles with the
transfer, but did state that the four-year college “is more difficult.” After changing majors several
times, from thoughts about music to business administration to mathematics and programming,
he began to realize that he had a passion for mathematics. He identified a mathematics professor
when he started college in the United States who sparked his interest in mathematics and shifted
his career goal from business administration to mathematics. The experience with that professor
made him make this change and want to follow in her footsteps to become a mathematics
professor. He stated that during the course of the semester, this realization came to him:
I like the way she was teaching us. And I was like okay, let me change because I was
thinking about pursuing a business administration major. And when I saw I like math, I
was like, okay let me change and I change my major to math. And then from there I
started like taking interesting …and teaching… about teaching math and programming
and data analysis and all this stuff.
Because of the influence, of this mentor, once he returned to academia and found that he
was passionate about mathematics, good at it and was able to help others around him by assisting
them with concepts they were unsure about, James and math became synergistic. He found
himself able to take a role at the head of the class, and enjoys the synergism of teaching and
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learning. This is echoed in his AGO, he scored highest in the Mastery Approach orientation.
At the time of the interview, he was a senior and did consider himself a STEM
professional. This was because of his involvement with research projects as an undergraduate.
His Professional STEM Identity score reflected this, he scored a 17.10, one of the highest scores
calculated. At first, the projects were small and were more about learning the process of
mathematics research, but then later, because of his involvement in Computer Science other
field, was able to secure himself larger fellowships that crossed content areas. The mentors have
really helped him to find a place in the community as well. The programs and mentors that he
has been matched with in these positions have helped him to have a sense of community within
the STEM field. In the interview he said:
The fact of being accepted in so many research projects and trying… getting different
programs. Like when I got in LSAMP, I felt good about it. Because like I know so many
peoples apply for it and there are some students that actually not getting into that. So,
when I get accepted in those kinds of programs, I feel like, like I’m being considered part
of the community at the same time.
When he was asked about what it is that he anticipated the most about being a future
member of the STEM professional community, the first thing he mentioned was the prospect of
making a lot of money. He was looking forward to a comfortable life where money was not a
huge concern for him and his family. Additionally, he spoke about receiving recognition within
the community and learning new things. Essentially, he is hoping to make large contributions to
the field.
For James, the biggest barriers were money and time. As was stated before, James
mentioned money more than any other research participant. It was something that he talked
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about in multiple ways, as well. First about his different jobs on different campuses working as a
tutor, and how he was able to create a little “business” for himself, then again when he talked
about his research fellowship opportunities, as recommendations to STEM programs at colleges
to consider a stipend, and then also in the context of anticipating making a lot of money as a
STEM professional. Particularly to his case, however, he is interested in money now as he is a
student. He prioritizes extracurricular fellowships that can accomplish learning, but also have a
stipend attached. He stated that:
I want to keep my GPA high, but that requires time to study, but at the same time, I need
to think about other things in my life: rent, food, family. Financials are really key for
students. I am doing good [regarding grades], but I think that I can do better if I could
focus just on the studies.
Because of the many fellowships and employment opportunities he has had so far in his
career, he was able to identify multiple professors that have been influential in the development
of his passion in mathematics. These professors were either classroom professors or research
mentors, or both. They have invested time in his development, giving him individual tasks to
accomplish, papers to read and opportunities to discuss developments in the field. He identified
that mentors would set up goals for him based on a week or a couple of weeks. From there he
would be independently researching for a bit and then they would come back together to discuss
the direct applications to mathematics. They would guide him through the research process for
the week and support him with making progress to the goal.
As can be expected from the details above, James lists his influence on a personal and
community levels as working for a tutor to assist his classmates, but also while working at his
community college, helping his classmates and giving feedback to his professors. In the future,
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he is hopeful to have some influence on society to make people like STEM. He stated, as other
have and will that few people, “few people do not choose a STEM major because they feel like it
is very difficult, and people have to know that it is not always like that. You do have to work
hard, and for many hours, but it can be done.”
Adele - Student Vignette
Adele was a 20-year-old engineering student originally from Mali, West Africa. Mali is
French speaking country and this fact became the only barrier she identified to her success as a
STEM major: she found it challenging that she first learned all of these subjects in French and
then had to learn the content and vocabulary when she came to the United States. When I met
her, she was finishing up her second year at a community college. At the college, she was
involved with many extracurricular activities, including several clubs, and held leadership
positions in some of them. She identified herself as Black during the interview. She did not
indicate that her race had any role in her decision to choose engineering as a major. She did
indicate, however, that it was her experiences with STEM classes in Mali that pushed her to
think about a career in a STEM field. She told me that:
It was mostly…the STEM classes they offered there. So ever since high school I was
interested in STEM and I was able to get a good enough background on STEM subjects
and that made college easier for me. But it's not necessarily being Black or West African
that has influenced my decision.
Adele stated that it was more about her personality that influenced her decision to enter into the
field of engineering. She described herself as a curious person and said that she has always been
interested in how things work and pointed to the scientific method as the best way to find
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answers to problems. She stated that the STEM disciplines as a whole allow humans to better the
world and to figure out how thinks work so we can innovate, make things better and event.
Like the some of the other research participants interviewed, her plans for a major and
career have changed over time. For instance, upon acceptance into her two-year program, she
chose computer science but after doing more research, she realized that she did not want to,
“code for a living.” Because of this she decided she wanted to be a computer engineer; however,
the community college she was at did not offer a computer engineering major, so she chose
engineering sciences as her major instead. Ideally, when she has graduates from the community
college, she wants to transfer up, so she can get a Bachelor’s degree, and eventually, go even
further in her academic journey. It is hard to determine her AGO as she scored a fifteen in all
four of the possibilities. Because of this, I attempted to prompt her to speak more about why she
was seeking to learn about computer science and to work with computers for a living and she
informed me that she was looking forward to making altruistic contributions to some sort of
development in some form: whether it is how we use technology or energy, she was interested in
innovation and seeking to make the world a better place.
Adele did not consider herself a STEM professional despite two internships she has had
in the short time she was enrolled at the community college. In fact, her Professional STEM
Identity score was below the average at 12.87. At the time of the interview, she was working in a
laboratory focused on optimizing lithium batteries. She stated that she is working with one
professor, but like so many things at this point in history, the internship was virtual because of
the Covid-19 pandemic and she felt like she wanted to do more. The interview was between
semesters and she had not yet discussed how it would transfer over to the upcoming semester.
She was hoping that the university system was moving towards a hybrid or in-person model, but
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did not have any information in that regard at the point of the interview. She found both research
experiences enjoyable because they made her realize all that she can do with an engineering
degree, and she has begun to understand how very versatile it is. She did indicate that she
preferred the in person experiences she had been involved with, because she understood her role
better and formed stronger relationships with faculty and other members of the laboratory. For
instance, one professor brought them to a stem cell laboratory, and there were computer
engineering jobs in that laboratory, alongside of the bench scientists that were working there. In
her current research experiences, she has been responsible for editing papers, reading journal
articles and also working with a program to help model certain experimental designs with
Lithium batteries.
Adele stated that she was introduced to the coursework at the community college with
non-STEM courses. At first, she did not understand why she could not just jump right into the
work of her major, but enjoyed them nevertheless and realized that she appreciated learning
more than just about mathematics or physics. During this time, she also found that there were
certain habits she needed to keep in order to be successful with these particular. She noticed that
because the content was so different, she had to study differently for non-STEM and STEM
courses, “there are certain things that you need to do in each subject in order to master the
subject, and then in other subjects, you still need to do the work, but it might look different.”
Adele and the researcher talked about STEM pedagogy a lot during her interview. She
brought that the methods of teaching have been subpar in her history as a student. For instance,
when the researcher asked her what she does not like about the prospect of being a STEM
professional, she actually spoke about what she did not like about the pedagogy:
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I don’t like the way that it is taught, I feel like—the way—the professor needs to know
how to teach and how to make the subject interesting and easy to absorb, you can’t, if
you try to cram STEM subjects…for example, if you want to be a doctor and you are
cramming and not really understanding biology, you are risking someone’s life in the
future…I think that it is up to the education system to offer less lessons in the class so we
can really understand what we are learning.
These instances go back to her time in Mali during high school: she stated that one of her math
teachers, “didn’t know how to teach.” She also repeated this sentiment for teacher and professors
in her history since she has come to the United States, both before and during college. She
explained to the researcher that she was taking a class over the summer, during the time of our
interview, because she had dropped out of the same class the semester before. She stated that:
I think they [professors] should narrow down the lessons and make it more interesting
and [someone should] actually teach STEM professors had to teach STEM classes and
they don’t really know how to teach. And when you ask a question really answer it and
not assume that you know it because you should have learned it a long time ago.
The professor during the summer "knew how to teach" so Adele was doing better during the
summer class. She felt that they were moving at a rapid pace, but the curriculum was shortened
so it was easier to digest.
There is a consideration in secondary education currently about the breadth of knowledge
of a topic and how the focus should be more on conceptual understanding and not the coverage
that is dictated by current standards and state tests. In science, this concern is played out within
the Next Generation Science Standards (NGSS). However, this is for secondary school, not
necessarily post-secondary or graduate education. Also, it points to a fairly immature mindset
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regarding academics on a post-secondary level in that the assumption is that the professor has to
do all of the heavy lifting in the class. With maturity comes the understanding that upon entry to
a college or university, much of the ownership of learning is the student’s responsibility. While
Adele gave herself a high Self-authorship scale, she is most definitely still in an External
Formulas stage of the continuum.
The student influence that she spoke about were a little immature as well. As a student
she indicated that she would work with her classmates to speak with professors if they had too
many exams in one week, asking one of the professors to push back their exam. The immediate
environment influence, however, was really wonderful to hear. Because she shares her
experiences within the STEM field with her family, she stated that her brother wants to become
an engineer as well. She went on to say, “when other family members have said it is too hard I
tell them that it's not, it just demands more courage and self-discipline [than other fields of
study].”
Frances - Student Vignette
Frances was a 20-year-old female chemistry student at a senior college within the CUNY
system. When the researcher spoke with her, she was entering her fourth year and after
graduation, she planned to continue her education with a Master’s degree before going to the
work force. While a Chemistry major, her interest was really in food science. While on campus,
she was also involved in multiple clubs and extracurricular activities at school, and also held
leadership positions in some of them. When asked where her interest in food science came from,
she said:
We were watching a movie in high school and it was about the food industry in America.
It talked about certain cases where people were sick and died because of outbreaks in
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their food products. Watching that movie got me thinking that I wanted to do something
there in terms of being in the food industry. Also, I used to bake a lot and I also cook, and
my parents love cooking too, so I like science so I decided to just put it all together in a
major.
Frances identified as African-American and she stated to the researcher that:
Because I am African American, and a woman, when I tell people that I am going into
sciences, people are impressed. They like it because they don’t see other people [like me]
in science careers. They tell me to keep doing it.
Since high school she stated that she liked Chemistry very much. Her teacher in high
school not only focused on the content but also interesting labs, and explaining why someone
should be interested in chemistry, what the different avenues for careers there are. She said that
since high school chemistry, she struggled with the adjustment to university level because “they
[the professors] are just giving you information.” Despite her gravitation towards Chemistry
from an early age, she is still looking to others for formulas, with a calculated score of 3-1-2 for
the Self-authorship measurement, indicating a more naïve understanding of her place in the
world than one might expect considering she has had this idea in her mind for a long time. This
could possibly be because of the setbacks and difficulties she has experienced, which will be
elaborated on later.
At the time we spoke, Frances was working in a laboratory of one of the professors in the
nutrition department. She actually had been working there for about a year when we talked so
she was one of the more experienced students there. The actual research study she was involved
with was different but the lab, and the set of procedures she was responsible for were similar.
When the researcher asked her about the current study, she was able to speak in a very articulate
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way about the benchwork she was responsible for as well as the overall scope of the research.
She told me that she has developed professionally because of the laboratory experience,
however, she is still learning every day. Despite the way she spoke about the internship and her
mentor, she scored low on the Professional STEM Identity scale, 12.87. However, subscales
Knowledge of professional practices and Professional self-efficacy were the top scoring
subscales, 3.53 and 3.60 respectively.
While she does not speak about her research that much outside of the university, she does
think that others consider her a STEM professional, especially at home, “they ask me what I am
studying and they are always impressed…they tell me to keep going.” To complement the
increases in professionalism brought on by her lab experiences, she also pointed to her nonSTEM volunteering as a factor in her growth. Later, with some prompting, the researcher was
able to get her to talk more about her volunteer work, and it is in a community garden. She works
there with the plants (food and non-food producing), but also writes articles to highlight the work
the community garden has done and initiatives they are trying to bring to the garden. For
instance, she wrote about the importance of composting, something that is directly related to the
food sciences.
Frances valued the time she spent with her research mentor greatly. This is not only
because of the fact that he has taught her about the science but also, he taught her about the
benchwork procedures she would need in the future. He also is fairly quick to release control and
requires students to complete procedures on their own after he has taught them:
He has shown me how to load the gels, and then do the analysis. He teaches us how to do
it on the first day, and then the next day we come in and do it, we can check in with him
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if we are unsure about things, but we are on our own. He is the only faculty member that
lets me work on my own, and helps me when I need help.
This independent work allowed her grow in not only her knowledge about chemistry
content and the procedures that accompany research, but also, she has a fairly developed AGO,
with maximum scores in both mastery approach and mastery avoidance. However, she has also
learned a lot about:
The things I can do, when I said I am focused on food science, I got really focused on it.
But then I attended a lot of conferences and events and learned about the grad schools
that have food science courses, it made me realize that I can do more. I know now that I
can branch out and do other things, and still be a food scientist, I can write about food
crises, or stick to lab research, I feel like there are different avenues I can take. I also
know now that I have to be prepared for what I am about to do later, I need to read
articles and stay up to date.
Despite all of this independence and confidence, Frances still acknowledged that she does
put too much pressure on herself. And because of that, she sometimes does not get the results she
wants from the exams she takes. She knows that if she remains calm, things will turn out better,
but it is still hard for her to make that connection in the moment. She pointed to the end of her
sophomore year when she did not get the grade she wanted, and it hurt her GPA. After the grades
came in, her parents recognized that she was upset and called in reinforcements: two older
cousins spoke with her and gave her advice and encouragement to keep going. They told her she
had to work hard and that she still had time for the work to make up for that one grade. In
addition, she made some changes in how she did her work: when she bought a textbook, she also

105
bought the answer manual so she could check herself after a practice set and also began to visit
the learning center at her school for assistance when she was struggling with a particular topic.
Emergent Themes from the Interviews
The purpose of the vignettes was to paint a picture of the overall placement of the
interview participants as they themselves described their Professional STEM Identity
development and achievement goal orientation, as well as to correlate the data from the interview
with how they described themselves on the Self-authorship continuum as per the survey. In this
section the researcher will present these findings and talk about their significance in relation to
the program and the topics the participants seemed to value the most.
Costs – Money
Money should not come as a surprise because this is a topic that gets a lot of attention in
the realm of higher education, as it relates to both public and private schools in the United States.
Four out of the six research participants mentioned money during the course of the interviews. In
all contexts it was about providing more money to undergraduate students, or related, working
during the time of their undergraduate degree in order to support themselves or a family. As
James put it in his interview, “time is money.” In this context in particular he was speaking about
having to balance the time that he was working on his studies with the time that he was actually
working for payment, so he could support himself and his family. There is always a tradeoff. He
stated that, “I’m doing good but I think I could do better if I can just focus in education [and not
work].” With these students, they are all aware of the possibilities of scholarships and
fellowships when they get to graduate schools, especially if they elect to join a doctoral program;
however, there is a desire for more funding in the moment, as undergraduate students. Programs
like the NYCLSAMP program need to be more universal for undergraduate students to take
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some of the pressures off of STEM undergraduates as they are working on their degrees. The
stipend that participants in NYCLSAMP receive, does not cover the entirety of tuition, but it,
“definitely helps.”
Costs – Time
Additionally, many of the interview participants spoke about the cost of the degree in
terms of time. Adele spoke about the fact that she had to change the way she studied for her
STEM classes and “do every problem in the textbook,” she said: “There are certain things that
you need to do in each subject in order to master the subject, for me, in Chemistry, I try to do
every practice problem in the textbook. This kind of dedication is exceptional and she is not
alone, Eric mentioned that he thinks STEM majors should spend double the amount of time that
other majors do studying for their classes, “I want to keep my GPA high, but that requires time to
study, but at the same time, I need to think about other things in my life: rent, food, family.”
Balancing time spent on studies and time spent on oneself is also something that came up in the
interviews: two students talk about the feelings of loneliness they experience on a regular basis
because they force themselves to dedicate so much of their time to their school work and they do
not have enough of it to then socialize, Covid-19 pandemic notwithstanding. Additionally, two
students mentioned that they regularly see a therapist because they need assistance with making
sure their thinking about their own abilities stay in check.
Why even stick with STEM, when there are all of these barriers to becoming a
professional? Every single one of the people interviewed for this study acknowledge some
defining moment in their lives up to their choice to declare a STEM major that has since become
their higher purpose, and they use that as the star that keeps them on track and focused. This
speaks to the development of the students’ identity as a STEM person and how long it goes back
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in their academic history, Challen said, “Like I really had to like weigh the pros and cons and ask
myself like why am I doing this?...To see if it was worth it.” If the costs are going to get them to
a place they have dreamt about being and have a picture of themselves as a professional, then the
perception of the costs might be mitigated in the students’ minds, students will remain willing to
give up the time and to put in the effort (Perez, Cromley, Kaplan & Graesser, 2014).
The Importance of Mentoring
By design, NYCLSAMP participants are assigned a mentor during their time in the
program that indoctrinates them into the research practices that are consistent with the field they
have chosen. Additionally, every one of the participants has had experiences with the mentors
they were able to, without any hesitation, describe and speak to the impact these experiences
have had on them and their professional identity and by extension their path to Self-authorship.
Mentoring is such a huge part of professional growth, especially for a novice to the field, and the
impact is apparent in all interviews. Frances told me that her mentor, “He teaches us how to do it
on the first day, and then the next day we come in and do it, we can check in with him if we are
unsure about things, but we are on our own. He is the only faculty member that lets me work on
my own, and helps me when I need help. Some mention the pandemic and how it has affected
their ability to have face to face time with their mentor, but at the same time, still are happy with
the experience and can speak to how the experience pushed them to grow, to learn or consider
something new, an option for a degree or the workforce, Challen said, “I was fortunate enough to
match up with a Chemistry professor who gave her the idea to enter into chemistry and chemical
engineering.”
The mentor really is a significant part of the program, probably the most significant.
James identified the mentor as a contributing factor in feeling community within the STEM
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community, literally saying, “The mentors that I matched with helped me to have a sense of
community within Mathematics.” Where possible, when the mentor match can also match certain
demographics of the mentor with that of the mentee, the successes are even greater. Having a
mentor that is matched race and gender can help alleviate feelings of loneliness and invisibility
as well as to provide a same race role model.
As discussed in the second chapter, Estrada, Hernandez and Schultz (2018), furthered the
conversation about the importance of a mentor in their work. They were able to follow STEM
students as they progressed through their studies at the university level. In the course of their
study, they identified the mentor as the most important factor that increased student STEM
identity while the students were in the university setting. This is because the mentor is the direct
link to push student progress along the continuum of Self-authorship, from a point where
students are seeking the input and direct instruction about the particular field they are interested
in, to a point where they can participate in the research and intellectual development of a field. In
our interview, Ayleen said, that her mentor, “taught me that ‘the research matters’ and there is
value in that work, even if there is not an invention that cures an illness that comes out of it.”
It is not possible to just have mentors and students placed together randomly, however.
Special attention must be given to the people that are working with developing members of the
STEM community and building their capacity to be a mentor. Without any individual training or
a feedback mechanism in place to evaluate the mentorship experience, there is an increased
possibility that the mentorship experience will be negative and therefore detrimental to the
students’ experiences. As stated before, the outcomes of a mentor match are positive if the
experience is positive; if the experience is negative, it can actually have a negative impact on the
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identity development of the student and their retention of the student in the field (Hund, et al.,
2018).
An Elite Club
The point here was that current members of the STEM field are not helping the field by
speaking or communicating about STEM as being an elite club, from Challen’s interview:
STEM people aren’t doing themselves any favors when they make it seem like it’s
something only smart people can do. It makes people intimidated and I think there are a
lot of people who are capable of pursuing STEM but they write it off as like a ‘smart
people thing.’
Adding to this idea, James told me that, “Few people do not choose a STEM major because they
feel like it is very difficult, and people have to know that it is not always like that. You do have
to work hard, and for many hours, but it can be done. So many people are choosing not to join
the STEM workforce because of the perception that you have to be innately a “genius” in order
to join. These people rely on their work ethic, dedicating time, and being persistent when they
are faced with challenges and adversity. While they all admit to a perception of others (in and
outside of their families) that they are “smart” they all also talk about how they push themselves
and others to do their best work and to find the time to study so they can be successful. This
double-edged sword is extremely dangerous because not only is it pushing people away from
choosing a STEM field, but it is also denying those currently in STEM the valuable input of new
voices.
Barab and Plucker (2002) explored the way that intelligence and ability are perceived and
developed in different situations. They wrote about the ways that cognitive ability have been
perceived and elevated in the past, and how the perceptions of intellectual ability has led to the
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development of the educational systems as they exist today, one in which people are at the front
of the room bestowing knowledge on a group of students that do not possess that knowledge.
They argue that, in fact, knowledge is co-created within a group of people. While there at
sometimes might be a facilitator role of one of the members of the group, the group is the entity
that is responsible for constructing knowledge, it is not the individual that has all of the ability by
themselves. Current learning theory developed by Lave and Wagner (1991), Situated Learning
Theory, hold that learning is done in the situation itself, by the group. As students in a particular
field gain experience in that field, they will move from the periphery of the field (or they will
move from External Formulas) to be situated at the center of the field and leading the activities
(Self-authored). They argue that processes that are used for the development of individuals
should be focused on the environment that is hosting the individuals, and not on the individual
talents of the people that are participating. Namely, the environments must be supportive of the
learners and individuals that are there. Their abilities must be honored and they should have a
place to participate in the learning community. This place should not depend solely on the
“collection of symbols or even relations within the head of an individual” (Barab & Plucker,
2002) but in their ability to work with and within a team of people to solve a problem.
Set Backs and Resiliency
Although none of the interview participants pointed to a setback stemming from societal
gender norms or roles, elaborated on in Thomas, DiBona, Abelar and Robnett (2020), a few did
speak about their setbacks with particular STEM courses. These setbacks ranged from failing a
high school or university course, needing a course for graduation that was not offered during a
particular semester, “I ended up being a year behind in her major just because she could not take one
class.” Some

of this came also from transferring majors or colleges, “I just kinda feel like I
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graduated from high school a year early so I was always like telling people like yeah, I'm on top
of the game I'm gonna graduate like mad [very] early. And then now I'm kinda at the same level
as everybody else. I'm just like yeah, I'm a junior I'm not a senior.” In these cases, the interview
participants spoke about reaching out to existing support structures for help and guidance. These
structures included family, partners, or friends, but also faculty mentors and advisors. In all of
the cases, the students adapted and formulated a new plan to get themselves back on track to
their goal.
This category is about people adapting. Taking adversity head on and manipulating it into
something great. Every student spoke about a particular even that has caused them to check their
course during their time as a STEM student: a bad grade on a test, or in a course, a troubling
concept that they cannot wait to close the book on, everyone had something. But the important
thing to take away from this, is not that the road to STEM success is fraught with these kinds of
experiences, but rather, that all of them found a way to keep going, perhaps illustrating this the
best, Challen told me, “I kept having to pivot, but then the pivots kept working out.” It might
have been after a talk with a loved one, or a friend, or even speaking with their mentor to get
some reassurance that it would be okay, every single one was resilient in their quest for STEM.
Moreover, we surfaced that in the majority of these cases, after something went “wrong” there
was a significant event, or a new way of asking for help that arose from that, “I also began to
visit the learning center at the college to ask for help when I was struggling with a particular
topic,” Frances told me.
Disagreement with Pedagogy and Curriculum
Not all of the interview subjects spoke about this, but it is something is important when
considering the education of upcoming STEM professionals. One of the interview participants
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told me that, “I don’t like the way that it [STEM] is taught. I think they [professors] should
narrow down the lessons and make it more interesting and [someone should] actually teach
STEM professors had to teach STEM classes and they don’t really know how to teach.”
Pedagogical practices of post-secondary educators are different than those of secondary and
elementary teachers, as they should be. With commitment to a particular field of study comes the
simultaneous commitment that learning cannot stop when one leaves a university classroom. The
students that sign up for a particular major have to put in the time and effort to be successful and
cannot come to believe that information will be delivered to them packaged just right so they can
be successful on an exam. Students need a seminar about this when they enter the major so they
are aware of the implications declaring that major will have and get the tools to help them to be
successful. Likewise, students must also understand that the university they are attending only
has a finite number of courses they can offer during a particular semester. Sometimes, the
sequences might not make sense, or one might wish they had taken a particular course earlier in
their undergraduate career, but this is not necessarily something that is in the control of any one
person. Just like after getting results we did not expect during an experiment, we have to adjust.
James told me that at one point he felt that he had the confidence and experience to talk to a
professor about his experiences with another professor and class to help the students in his
current class, “I mentioned to one of my professors in a programming class that he should teach
about the debugging feature in the program we were using, and he did, and the students liked it
cause they were really struggling.”
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CHAPTER V
DISCUSSION, CONCLUSIONS, AND IMPLICATIONS
In this chapter, I reintroduce and discuss the research questions that guided this research.
I will also synthesize my learning about the Professional STEM Identity development of URM
students and make some broad generalizations about the experience of each of the research
participants and generalize the experience to the underrepresented minority STEM students at
large. Following this, I will use the synthesis to make some policy and practice recommendations
for educational institutions and also address some of the limitations the researcher has come
across during the time that he has been involved in this project. From there, I will also address
their ideas for where future research in this sector of STEM Identity development.
Research Questions
1. What are undergraduate URM students self-reported STEM Professional Identity scores,
achievement goal orientations and placement on the continuum of Self-Authorship?
a. How do the URM undergraduate STEM students self-report their STEM
Professional Identity (instrument modified from Tan, van der Molen, & Schmidt,
2017)?
b. How do URM undergraduate STEM students self-report their achievement
orientation (instrument modified from Elliot & Murayama, 2011)?
c. How do URM undergraduate STEM students self-report their Self-authorship
(instrument modified from Creamer, Baxter Magolda & Yue, 2010)?
2. What are the correlations between the overall scores and subscales of these
measurements?
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3. What common activities have the research participants engaged in that have played a role
in the movement from an External Formulas stage of Self-authorship to a Crossroads or
early Self-authorship stage?
Discussion of Research Questions
While there was some variability in the reported identity scores of the research
participants, every student that completed the survey identified as a STEM student in some way.
This serves as an important indicator that at the baseline the undergraduate coursework and
related lab experiences, in either college setting, are doing what they are supposed to be doing:
generating some of the important qualities of future STEM professionals.
For research question 1a, on average, student scores for Professional STEM Identity were
14.61 (SD = 1.74), indicating a score above the 50th percentile. For research question 1b, these
same students report achievement goal scores as follows, MAP, 13.48 (SD = 1.86), MAV, 12.00
(SD = 2.48), PAP, 11.90 (SD = 2.65), and PAV, 11.83 (SD = 2.62). These results indicate a
tendency of these students to identify with the mastery orientations. Additionally, as described in
Chapter 2, there are more desirable orientations and the student responses tend towards the more
desirable ones. For research question 1c, these students also produced scores along the
continuum of Self-authorship, as follows, EF, 4.18 (SD = .54), CR, 4.05 (SD = .64) and ESA,
4.14 (SD = .60). These higher values identify more at the extremes; associated with the External
Formulas and Early Self-authorship, rather than Crossroads.
Regarding research question 2, this study found that there was a significant correlation
between the mastery approach orientation and STEM Identity, .48, p < .01. Additionally, the
performance approach orientation was also moderately correlated, yielding a significant value
of .36, p < .05. These correlations are interesting as they indicate that perhaps the identity a
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student possess may influence the way the student thinks about their learning and their
motivation to master a particular content, or content related task.
Finally, the correlation of early foundations scores to the performance avoidance goal
orientation yielded a moderate, negative, significant value of -.32, p < .05, indicating that
participants that look to outside sources and individuals for ideas and feedback are doing so in
order to avoid situations that would be considered, by themselves or others, as a failure. They are
attempting to avoid failure in order to hid an internal belief about their lack of ability in a
particular content or on a particular task.
The analysis between subscales yielded the following observations, some of which are
expected based on the correlations between instruments. For instance, knowledge about
professional practices is linked with a moderately strong negative correlation to external
formulas, -.34, p < .05. This makes sense because as knowledge of the different professional
practices increases, the tendency to look to another individual for feedback will decrease.
Likewise, this experience likely comes with the influence of someone else, i.e., a mentor, a
principal investigator, etc., who will guide your practice, so the presence of a mentor is
significant in gaining effective work practices, yielding another moderately strong positive
correlation of .57, p < .01.
Next are the correlations between the mastery approach orientation and the professional
as a role model (.33, p < .05), professional self-efficacy (.69, p < .01) and the STEM Identity
score as a whole (.48, p < .01), respectively. These three significant correlations indicate that a
mastery approach is linked to an overall sense of being able to handle the demands of a particular
academic topic or task. These people are up for the challenge of the work, learning as much as
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they can from the individuals around them and increasing their competence with a particular
task.
Evaluation of Hypotheses
Each of the proposed hypotheses was evaluated after data collection was complete and
will be addressed one by one in this section. Regarding the first hypothesis, the findings
confirmed the hypothesis as stated: that there will be a positive correlation between STEM
Identity and Achievement Goal Orientation (i.e., the greater the STEM Identity is, the more
likely it will be that students will possess a mastery orientation) (Elliot & Murayama, 2011; Tan,
van der Molen & Schmidt, 2017). The Pearson Product Correlation was calculated for STEM
Identity against the Achievement Goal Orientation Mastery scales for each research participant
and the correlations returned significant values when Mastery Approach was correlated against
STEM Identity, .48, p < .01 and when Performance Approach was correlated against STEM
Identity, .36, p < .05. When the correlation was measured for the Avoidance scales, there were
no significant findings, as is to be expected based on the theory behind avoidance and identity.
Regarding the second hypothesis which theorized that there will be a positive correlation
between STEM Identity and Self-authorship (i.e., the greater the STEM Identity, the more
advanced the placement along the continuum of Self-authorship) (Creamer, Baxter Magolda &
Yue, 2010; Tan, van der Molen, & Schmidt, 2017), the results were counter to the hypothesis in
that there was a positive correlation only between STEM Identity (total score) and Crossroads.
The other two correlations (STEM ID and EF and STEM ID and ESA) were actually negative,
none of which were significant.
Regarding the final hypothesis, there will be a positive correlation between Achievement
Goal Orientation and Self-authorship (i.e., further along the continuum of Self-authorship the
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students fall, the more likely it will be that they will possess a mastery approach orientation)
(Creamer, Baxter Magolda & Yue, 2010; Elliot & Murayama, 2011), the findings were mixed. In
this case, the strongest correlations were between early Self-authorship and both approach
orientations; however, only the correlation between early Self-authorship and the Mastery
Approach orientation was significant. Crossroads and the Mastery Avoidance orientation also
produced a significant correlation, .42, p < .05.
Identification of the Common Experience
In all of the interviews, the students identified that the influence of their mentor had the
greatest impact on the development of their identity. It is a common experience in this program
and I would say the fulcrum on which the development of their identity lies. It is the experience
they all reference again and again when the questions about difficulties, challenges, or changes in
direction come up, or when I asked them to identify what kept them going. Even when asked
about finances and how the stipend that is also a part of the benefits associated with the program
has influenced their decision to stay with STEM, the presence of a mentor still wins. The mentor
is an essential element.
Looking back at the significant correlations summarized above and in Chapter 4, it is also
clear that in some way, the mentor’s influence permeates the variables explored in this study.
The mentor has the power to teach, indoctrinate, build professional self-efficacy, shift the
motivation to learn of anyone they mentor. Likewise, when the mentee becomes more and more
acclimated and knowledgeable to the work, they are able to step back and give the mentee their
independence and allow them to shift their way along the Self-authorship continuum. They are
the common experience within the group of people surveyed and interviewed.
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Recommendations for Institutions of Higher Learning
While the integration of a mentor into the undergraduate experience is not an original
experience, not every undergraduate program does require it. Because of the realization of how
important a mentor is, the results of this research point to a mentor requirement as likely the best
recommendation that could be made for institutions of higher education whose mission includes
increasing the number of URM STEM students enrolled at the institution and to see them
through to graduation. The mentor should not only be a person that guides the nascent through
the research process, but also should be a guide for the student in other areas of concern,
especially as these students to making the transition from student to professional. Students in my
interviews were very aware that for many of them, they knew that they would be the only person
of color in the laboratory, or in a doctoral program, for one student this realization came from her
time before college, actually, but for the majority this information came from interactions with
their mentor. If these discussions are not had with these students, then the first day “at the office”
might come to them as a bit of a shock.
In fact, in the time of this work, others have found the same (Kricorian, et al., 2020)
found that students preferentially value mentors that look like them (gender, race), rather than
assigning a mentor in general. Assigning a mentor that has some of the same characteristics as
the student would help the student to feel a sense of community and belonging in the field and
might assist them with the development of their identity and push them to persist through to
degree attainment. While the presence of mentors at a small ratio would be ideal (1:1-5 student
to mentor), it might not be available to everyone and every institution as a possibility. What
Covid-19, social distancing, and remote learning/work have taught us, however, is that there is
some value in harnessing the power of virtual interaction. It might be possible to then say that a
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small group of students is assigned a mentor and they meet virtually at a set time interval
throughout the semester, either with a large group or individually. Furthermore, social medial
platforms could provide an opportunity for students to engage with professionals in a new way
that is likely more familiar to them than anything else. These mentors do not necessarily have to
be faculty at the particular universities that the students are attending, but STEM departments
could and should establish these relationships with professionals in the surrounding areas in
order to recruit people to mentor their undergraduate students. Again, Kricorian, et al., found that
mentees prefer to see mentors that look like them, but there is still value in having someone
contribute their time and knowledge to the undergraduates if a racial or gender match is not
possible (2020).
From the beginning of this work, I have referenced the fact that the economy is predicted
to grow by 7.6% by 2026, while the STEM sector will surpass the overall growth, increasing by
10.8% (Bureau of Labor Statistics: United States Department of Labor, 2017). It is also
referenced that the rate of job entry for White and Asian young people into the STEM workforce
has remained constant over the past several years, while the rates of Black and Latinx students
lag behind considerably. These data points do point to two factors: 1. an increased demand for
URM students to enter the fields, persist and attain STEM degrees, and 2. Black and Latinx
students are an untapped part of the population that can fill the jobs that are going to be waiting
when they graduate. Under-representation is a factor that might originate as far back as their
middle school and secondary educations, but what if those factors could be counteracted with a
strict mentor policy that pairs up faculty and industry professionals with upcoming STEM
professionals to assist them in making the right decisions about their future, succeeding in
coursework and also in the development of their STEM Identity that will carry them through
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their degree, into their job and to continue to the circle of influence to the next generation of
students.
This is a complement to many other interventions that need to be put into place in order
to increase the number of URM students that enter a STEM field in the near future. For instance,
Estrada, et al., (2016), suggest four systematic strategies from the research of others that could be
put into place to increase URM STEM persistence, these include to increase institutional
accountability by tracking attrition rates, and then also tying this to funding (Hurtado, et al.,
2009), creating strategic partnerships that create lift (defined by the authors to be an activity that
increases student interest and engagement in a particular subject) (Estrada, 2014; Linn, et al.,
2015), unleashing the power of the curriculum and active learning (Anderson, et al., 2015),
attending to student resource disparities (Kuh, et al., 2006) especially since some (Thompson &
Scriven, 2008) have shown that work outside of the scope of the student major can actually be
harmful to the students’ academic success, and firing up the “creative juices” of the students by
linking the work that scientists do to the internal interests and considerations of the students. This
can be especially effective because some have found that the motivation of students increased
when their work was tied to their interests and beliefs (Estrada, et al., 2011; Harackiewicz, et al.,
2013). The reality is that making this shift is a complex change that will not happen overnight.
There are generations of marginalized students whose needs will require interventions before
meaningful change and diversity can be realized in a widespread way, integrating a mentor
experience into their undergraduate work is just one of many. Addressing these needs will
require addressing the systems that are meeting the needs of the students.
Recommendations for Policy and Practice
From the contents of these interviews, all of the research participants point to a learning
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experience or set of experiences, they encountered as young students that drove them to want to
become a member of the STEM community and laid the foundation of the STEM Identity. When
I have asked students to share with me these experiences, the request is always met with a smile
and a vivid memory of either an informal or formal learning experience that opened up into years
of curiosity and a decision to take a long journey through rigorous coursework. When I listen to
the students talk about this experience, I know that this was a pivotal point in their lives and they
have kept the memory with them and it has driven them and their successes. How can this
realization be extended to more students so they have this desire earlier on? It is very important
to identify the students that are at a Crossroads, and intervene with them in a way to increase the
way they think of themselves in relationship to the profession. If the goal is to increase the
number of students from historically marginalized backgrounds in STEM fields, then the focus
cannot always be on the students that are sure of themselves, but rather on the students who are
engaging with the content and the coursework but who also need support in making their own
decisions and visualizing themselves in a STEM profession.
One thing to recognize is that these experiences do not have to happen in a formal
classroom. They can happen in informal settings as well. Programs that are in place that
encourage students to visit and participate in informal learning experiences, such as zoos,
museums, laboratories might influence their decisions to choose STEM majors over another.
There is some success documented about how students fare in science because of formalinformal partnerships but more research is needed (Weinstein, Whitesell, & Schwartz, 2014).
Middle and secondary schools have to be cognizant of their influence on the development of the
different identities they are contributing too, even if undergraduate degree attainment and
workforce entry seem like distant goals. There should be some dedication of resources to
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establishing or joining programs that provide exposure to informal educational institutions
around the areas in which the students live. For the experiences that do happen in a formal
setting it is important that professors understand their audience. It might be necessary for
professors to adapt their teaching methodologies to take into account the students they have in
front of them, whether differences in English language acquisition, prior experiences with the
subject, or integrating other programs that might help make the learning process smoother,
professors have to adjust their practice.
Another policy that might be influential in the decision to make STEM the right choice
for many undergraduates is to extend a financial incentive to these students. Research
participants in this study were aware of the financial incentives and benefits of choosing a
graduate STEM degree, however, the incentives would make sense for the undergraduate degree
as well. In this study, the money students received was an added benefit, not the reason for them
choosing the degree or to participate in the program, but it helped. But others have found that
work, especially off-campus and outside of the scope of the students’ major has actually been
documented to have a negative effect on student achievement (Thompson & Scriven, 2008). This
echoes back to the interview with James in that he said he felt that he could be “doing better”
[GPA wise] if he did not have to worry about financial obligations like rent and food for himself
and his family.
Finally, from one of the participants, Challen, “STEM people aren’t doing themselves
any favors when they make it seem like it’s something only smart people can do.” STEM
requires persistence, perseverance, and joy, not necessarily the innate talent that is only bestowed
on a few. Departments need to normalize frontloading these essential qualities when they are
recruiting students, and thinking about how they can build those, and their students’ STEM
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Identity and not necessarily making it seem like it is “an elite club.”
Limitations of this Study and Recommendations for Future Research
One of the limitations of this study is the size of the participant pool that I was able to
survey and interview. Although using qualitative methods allowed a group of six undergraduate
students to share their experiences with me, the narrow scope was also a source of the study’s
limitations. To counterbalance this limitation, the semi-structured interview was helpful to allow
the participant to go in-depth with their experiences so I could highlight their individual stories
and share their experiences. Continuation of this work should include an increased sample size
so as to get more information from more students about their identity development and how the
program is assisting. Ideally, as was stated in Chapter 3, the data should more closely mirror the
number of participants in each college. This would allow researchers in the future to hone in on
individual campuses with higher scores and highlight for the CUNY system what these programs
are doing that are making the most impact, thereby extending the successes to the rest of the
participants. Likewise, a more comprehensive interview set would be ideal so as to gain a more
balanced picture of the program across all demographics, gender, race, even major might be a
consideration.
The data that was collected was limited by what the research participants chose to share
with me in the interview. My acknowledgment of my position in this research as a white male
educator was in service of also understanding that the data collected might have been biased in
some way because of the attributes that I have compared to the people that agreed to interview. I
front-loaded this acknowledgment in each interview by first stating what my identifiable factors
were and asking them to also speak about race’s influence on their choices for a major as well.
Additionally, despite my best efforts, I was only able to secure an interview with one male
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student. While I have highlighted the fact that females are also an underrepresented population in
STEM, at the beginning of my project, it was my intention to present a more gender-balanced
story about the identity development of the program participants and therefore be able to
hypothesize if there are differences in influences for the genders surveyed. Additionally, the
information that was gleaned from these interviews cannot be generalized to the larger
population, but only in contexts that are similar. For instance, programs that are alike in other
large urban university systems, this might be more useful compared to programs that are in
suburban or rural areas.
Likewise, the study was designed for in-person interactions. At the time this study was
conducted, however, the Covid-19 pandemic forced schools to close and many of the participants
were no longer residing in New York. Therefore, the interviews were conducted over Zoom, and
this likely influenced the information that students were willing to share. Moreover, Covid-19
had an undeniable effect on my ability to reach out to students in the program and successfully
get them to complete the survey and/or interview. Students that spent eight hours in front of a
computer likely did not want to spend any more time completing a survey about their
professional STEM Identity. That being said, the same was true for interviewing participants: it
is hard to convince anyone to sign into a video call for any longer than they are officially
required to do. It is also that the circumstances that surrounded this study inside of the milieu of
a pandemic could have had an impact on the STEM related identity beliefs students held. Aside
from the anecdotal ideas that were captured in the interviews about how college life was in this
environment and what their experience within the program mentorship experience was like if
they were completing that remotely, the study did not go into how living through the Covid-19
pandemic affected the students’ perspectives about their STEM related identity beliefs. It is
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possible that for some, if not many, of the students, their beliefs could have been affected living
through a pandemic, however, it was not something that was within the scope of the study.
Five out of the six students were either immigrants to the United States themselves or
were the children of immigrants. The effect of these circumstances also not explored during the
interviews. The students’ responses to their beliefs about how their own ethnicity or the ethnicity
of their parents affected their choice to become a STEM major, or how those ethnicities played
out in their choice of major was discussed but not how they were affected by their own
immigrant status. To further this body of research, a purposeful sample can be made to address
these ideas.
This project was also conducted as a retrospective analysis of the participants’
experiences without a comparison group. To extend the knowledge about development, repeat
surveys and interviews might be interesting to include as a component of the program. This
would enable researchers to track the identity development of the participants across the duration
of the program to really try to maximize the information about the most formative experiences
they had during their participation. Finally, some postgraduate tracking might help to understand
how the program has influenced them to stay in the field they chose for their major and continue
to make contributions to the STEM field they chose. Both a change in the project design and an
increased sample size would allow for a more complex set of statistical analyses that might
support the development of a more sophisticated way to describe the identity development of the
students in the program. Additionally, opening the survey to STEM majors at the same
institutions, who are not participating in the NYCLSAMP fellowship or who are part of an
ethical majority, might provide some information into how the program is addressing the desires
of the other undergraduate students. Gaining information about the non-Fellowship STEM
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students might provide some insight on what fronts NYCLSAMP should tackle in the future,
demonstrating how NYCLSAMP is closing the gaps for URM STEM undergraduates.
Finally, the Self-authorship instrument that was used in the study is difficult to
conceptualize at first. It provides a complex matrix score that is not easily interpretable and does
not allow for correlation calculations in a simple way. The way that I operationalized these
scores was to actually treat them as separate scores and compare the three values to see which
overall score per stage was the highest, indicating the greatest amount of agreement with that
particular group of question stems and therefore, that particular stage of Self-authorship. In the
results, I was able to also add to the description of the interview participants by incorporating the
three-part score; however, this was, I imagine, not the specific intention of this scale.
Conclusion
The development of profession STEM Identity one of the most foundational aspects to
consider when determining how successful STEM students, especially those from historically
underrepresented populations, are in not only their success in their university level science
classes, but also, by extension, their degree attainment and their ability to perform well once they
join the workforce. Finding a way to assist students in the development of their Professional
STEM Identity is difficult and requires a systematic change at the institutional level. What this
study sought to do was to identify a potential focus point for universities to have in order to
support the degree attainment of underrepresented students in STEM. This is important because
the diversity of the workforce is the key to creativity and innovation, the kind of technological
revolutions that are necessary for the near future are not going to be discovered in isolation, they
are going to be the collaborative work of many people from different backgrounds. Missing the
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opportunity to have URM students move into the workforce is delaying the progress that is
possible.
Away to elevate student’s professional STEM identity is to match the students with a
mentor that can assist them with not only learning the content that is required of them, but also
indoctrinate them into the practices that professionals in their field are experts in. By allowing
students access to these practices and an expert in their field, Professional STEM Identity can be
increased within individual students. The mentor can provide a place for students to apply what
they are learning in class and see the content in a practical, creative and applicable way.
Additionally, there should also be a special consideration for all STEM majors but particularly
the students from underrepresented populations and who lack resources to make the programs
they are committing to, at a minimum, cost free for them; ideally, it would also include some
access to a stipend or guarantee of an on-campus, content-related job that would lessen the
financial burden of being a student.
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Appendix 1
Undergraduate enrollment at all institutions, by citizenship, ethnicity, race, sex, and enrollment
status: 2012–16

Citizenship,
ethnicity,
race, sex,
and
enrollment
status

2012

2013

2014

2015

2016

All enrolled

17,963,547

17,700,719

17,519,741

17,255,558

17,081,187

Hispanic or
Latino

2,820,326

2,930,907

3,038,278

3,124,434

3,230,276

NonHispanic or
Latino

14,693,834

14,287,609

13,952,547

13,566,293

13,281,844

Black or
African
American

2,426,585

2,357,841

2,296,900

2,192,917

2,111,256

White

9,648,190

9,355,436

9,087,214

8,833,477

8,641,902

More than
one race

431,762

482,077

538,239

564,149

571,126

Female

10,151,705

9,944,445

9,836,589

9,661,652

9,576,303

Hispanic or
Latino

1,627,827

1,686,043

1,747,873

1,799,209

1,863,690

NonHispanic or
Latino

8,310,872

8,033,736

7,846,346

7,604,434

7,452,405

Black or
African
American

1,518,996

1,457,906

1,421,583

1,351,642

1,305,347
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White

5,351,637

5,166,366

5,017,111

4,864,087

4,760,866

More than
one race

248,315

275,886

308,986

323,362

326,513

Male

7,811,842

7,756,274

7,683,152

7,593,906

7,504,884

Hispanic or
Latino

1,192,499

1,244,864

1,290,405

1,325,225

1,366,586

NonHispanic or
Latino

6,382,962

6,253,873

6,106,201

5,961,859

5,829,439

Black or
African
American

907,589

899,935

875,317

841,275

805,909

White

4,296,553

4,189,070

4,070,103

3,969,390

3,881,036

More than
one race

183,447

206,191

229,253

240,787

244,613
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Appendix 2
S&E and S&E technologies associate's degrees awarded, by sex, citizenship, ethnicity, race, and
field: 2016
All
sciences

Mathematics and
statistics

All S&E
technologies

Engineering

All degrees

83,418

3,029

136,580

31,704

Female

40,331

869

88,729

4,300

Male

43,087

2,160

47,851

27,404

U.S. citizen and permanent resident

81,484

2,874

135,601

31,289

Female

39,513

815

88,220

4,195

Male

41,971

2,059

47,381

27,094

Hispanic or Latino

20,354

1,008

21,544

4,360

Female

11,723

261

13,889

603

Male

8,631

747

7,655

3,757

Non-Hispanic or Latino

61,130

1,866

114,057

26,929

Female

27,790

554

74,331

3,592

Male

33,340

1,312

39,726

23,337

Black or African American

9,185

101

18,309

3,324

Female

4,968

34

13,122

604

144

Male

4,217

67

5,187

2,720

White

37,969

1,078

79,674

20,144

Female

16,046

292

51,104

2,426

Male

21,923

786

28,570

17,718

More than one race

2,938

109

3,181

731

Female

1,538

29

2,078

150

Male

1,400

80

1,103

581

Other or unknown race or ethnicity

3,445

82

5,932

1,418

Female

1,584

23

3,877

187

Male

1,861

59

2,055

1,231
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Bachelor's degrees awarded, by field, citizenship, ethnicity, and race: 2012–16
Field,
citizenship,
ethnicity, and
race

2012

2013

2014

2015

2016

All fields

1,811,404

1,861,034

1,890,941

1,916,129

1,942,140

Hispanic or
Latino

176,719

194,919

211,710

226,900

245,081

Non-Hispanic
or Latino

1,575,102

1,601,214

1,609,748

1,613,590

1,612,752

American
Indian or
Alaska Native

10,740

10,768

10,211

9,697

9,316

Black or
African
American

172,869

179,517

180,812

182,778

185,880

White

1,133,084

1,150,239

1,154,363

1,150,065

1,145,220

More than one
race

25,475

32,310

43,043

51,507

58,925

Other or
unknown race
and ethnicity

114,652

105,490

96,143

91,734

80,631

Science

506,304

527,663

541,965

550,151

557,181

U.S. citizen
and permanent
resident

488,753

507,887

520,217

526,067

530,144

Hispanic or
Latino

50,992

57,819

64,195

69,243

74,942

Non-Hispanic
or Latino

437,761

450,068

456,022

456,824

455,202

Black or
African
American

46,478

48,660

49,048

49,797

50,226

146

White

302,454

311,483

315,071

313,199

310,307

More than one
race

8,488

10,727

14,840

17,428

19,682

Other or
unknown race
and ethnicity

31,733

28,613

25,510

23,916

20,815

Computer
sciences

48,034

51,586

56,130

60,309

65,186

U.S. citizen
and permanent
resident

45,672

49,204

53,311

56,940

61,100

Hispanic or
Latino

4,216

4,719

5,469

5,912

6,612

Non-Hispanic
or Latino

41,456

44,485

47,842

51,028

54,488

Black or
African
American

4,851

5,497

5,472

5,746

5,658

White

27,128

29,031

31,206

33,112

34,904

More than one
race

655

864

1,238

1,569

2,075

Other or
unknown race
and ethnicity

4,623

4,147

4,105

3,814

3,495

Mathematics
and statistics

19,819

21,567

22,226

23,136

24,293

U.S. citizen
and permanent
resident

17,929

19,175

19,523

20,002

20,525

Hispanic or
Latino

1,277

1,504

1,755

1,937

2,166

Non-Hispanic
or Latino

16,652

17,671

17,768

18,065

18,359
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Black or
African
American

964

1,015

1,022

1,016

1,007

White

12,575

13,199

13,138

13,186

13,310

More than one
race

237

342

507

604

687

Other or
unknown race
and ethnicity

935

901

806

812

783

Engineering

83,263

87,812

93,950

99,906

108,976

U.S. citizen
and permanent
resident

76,932

81,065

86,394

91,351

98,859

Hispanic or
Latino

7,173

7,907

8,984

9,960

11,337

Non-Hispanic
or Latino

69,759

73,158

77,410

81,391

87,522

Black or
African
American

3,218

3,505

3,599

3,852

4,206

White

52,352

54,344

57,811

60,596

64,576

More than one
race

1,125

1,422

2,116

2,707

3,323

Other or
unknown race
and ethnicity

3,512

3,397

3,303

3,045

3,122
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Appendix 4
Survey Instruments
Research Question

Instrument

Alignment Description

1a, 2, 3

Professional STEM Identity (Tan, van

This instrument aligns with

der Molen, & Schmidt, 2017)

the definition of STEM
Identity that is put forth by
Carlone & Johnson (2007). In
addition, three items about
recognition have been added.

1b, 2, 3

Achievement Goal Theory (Elliot &

This instrument helps to

Murayama, 2008)

investigate the level of
motivation that students have
for studying the particular
STEM subject they are
majoring in.

1c, 2, 3

Self-authorship (Creamer, Baxter

Movement along the Self-

Magolda and Yue, 2010)

authorship continuum is the
goal of colleges and
universities.

149

4 and 5

Self-authorship (Creamer, Baxter

Both of these are

Magolda, and Yue, 2010) and Self-

measurements of Self-

authorship interview (Nadelson, 2017).

authorship, either quantitative
or qualitative. Engaging
students in both will allow for
triangulation of the data
collected in the quantitative
measurement.

5

Self-authorship interview (Nadelson,

Engaging students in the

2017)

interview will allow for the
surfacing of activities that
have produced the most
awareness of Self-authorship
in an individual.
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Appendix 5
Data Analysis Plans
Quantitative Data Analysis Plan
How do undergraduate STEM students enrolled in a Fellows program self-report their STEM
Identity, achievement goal orientation, and Self-authorship?
Explicitly, how do the undergraduate STEM
students self-report their STEM Identity
(instrument modified from Tan, van der
Molen, & Schmidt, 2017)?

Develop scale score for each STEM Identity
Dimension
Mean
Standard Deviation
Reliability
Descriptive Statistics

How do undergraduate STEM students selfreport their achievement orientation
(instrument modified from Elliot &
Murayama, 2011)?

Develop scale score for each Achievement
Goal Orientation
Mean
Standard Deviation
Reliability
Descriptive Statistics

How do undergraduate STEM students selfreport their Self-authorship (instrument
modified from Creamer, Baxter Magolda &
Yue, 2010)?

Scale scores for each phase and dimension
Mean
Standard Deviation
Reliability
Run correlations between all phases
Descriptive Statistics

What are the correlations between the
outcomes of these measurements?

Correlation table to determine how each of the
variables affects another

What are the correlations between the
outcomes of these measurements and the
demographic information collected from the
research participants?

Correlation table: demographics on the Xaxis, measured variables on the Y-axis the

Qualitative Data Analysis Plan
How does the self-reporting of Selfauthorship compare to the Self-authorship
designation made in the interview?

Take Self-authorship score (phase and
dimension) and compare it to scored interview
post analysis
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What are the common activities in the
From transcription and qualitative data
research participants that have played a role in analysis
the movement from an External Formulas
stage of Self-authorship to a Crossroads or
early Self-authorship stage?
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Appendix 6
Survey Questions
CUNY STEM Identity Survey
Start of Block: Consent
1
CONSENT TO PARTICIPATE IN A RESEARCH STUDY
You are being asked to respond to a request to participate in a research study. The Principal
Investigator of this study is Jose Cruz Rivera, Ph.D., President, Lehman College. The study’s
sponsor is the National Science Foundation. You are eligible to participate if you are age 18 or
older and have an intention to pursue a STEM major, and because you are enrolled in an
introductory course in science or mathematics at CUNY.
The purpose of this research study is to help us understand the development of STEM student
identity and your desire to pursue STEM careers over the course of your sophomore year.
If you volunteer to participate in this research study, you will be asked to allow your responses to
surveys like this one to be analyzed for research purposes. The surveys will involve no more than
answering questions where you rate statements according to how much you agree or disagree, or
how true the statements are about you.
Your participation will require approximately 1/2 hour to complete the survey. You will be
compensated for your time with a $5 Amazon.com Gift Card for each survey you complete as
part of this study.
Additionally, at the end of the survey, you will have the opportunity to opt-in to an additional
interview with the researcher. The interview will require approximately one hour of your time.
You will be compensated with a $10 Amazon.com Gift Card for your time.
The risks involved in the study are no more than encountered in everyday life. The benefits of
participating in the study are that you will be contributing to what we know about how
sophomore year experiences support STEM Identity development for students like yourself.
Additionally, your awareness of your own identity as a STEM student may increase through
participation.
You will be notified about any new information regarding this study that may affect your
willingness to participate in a timely manner. We will make our best efforts to maintain the
confidentiality of any information that is collected during this research study that could identify
you personally. We will disclose this information only with your permission or as required by
law. No one outside the research team will know if you have participated in this study. All data
will be coded so that it will not identify you by name. Your responses will be kept strictly
confidential and will never be associated with you in any way. The data will be stored underprotected and locked condition for a minimum of three years, after which they may be destroyed.
The research team, authorized CUNY staff, the National Science Foundation, and government
agencies that oversee this type of research may have access to research data and records to
monitor the research. Research records provided to authorized, non-CUNY individuals will not
contain identifiable information. Publications and/or presentations that result from this study will
not identify you by name.
Your participation in this research study is entirely voluntary. If you decide not to participate,
there will be no penalty to you, and you will not lose any benefits to which you are otherwise
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entitled. Your participation or non-participation in this study will in no way affect your grades,
your academic standing with CUNY, or any other status in the College. You can decide to
withdraw your consent and stop participating in the research at any time, without any penalty.
Questions, Comments, or Concerns: If you have any questions, comments, or concerns about the
research, you can talk to one of the following researchers:
Christopher King, Graduate Student, ck137@hunter.cuny.edu, 203.610.5991
Dr. Sarah Bonner, Associate Professor and Research Lead, sbonner@hunter.cuny.edu,
212.772.5049
If you have questions about your rights as a research participant, or you have comments or
concerns that you would like to discuss with someone other than Dr. Bonner, please call the
CUNY Research Compliance Administrator at 646.664.8918
Alternately, you can write to:
CUNY Office of the Vice Chancellor for Research
Attn: Research Compliance Administrator
205 East 42nd Street
New York, NY 10017
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2 Are you over the age of 18?
o Yes (1)
o No (2)
Skip To: 3 If 2 = 1
Skip To: End of Survey If 2 = 2
3 Have you ever been an NYCLSAMP Fellow?
o Yes (1)
o No (2)
Skip To: 4 If 3 = 1
Skip To: End of Survey If 3 = 2
4 Do you agree to participate in this survey? Answering yes means that your responses will be
used in educational research.
o Yes (1)
o No (2)
Skip To: End of Block If 4 = 1
Skip To: End of Survey If 4 = 2
End of Block: Consent
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Start of Block: Professional Identity
5 Knowledge about Professional Practices
Never True Not Really
(1)
True (2)

Neutral (3)

Somewhat
True (4)

Definitely
True (5)

I know the
nature of the
work I will do
in my future
profession (1)

o

o

o

o

o

In most work
environments,
professionals
with different
backgrounds
work together.
I know of the
different types
of
professionals I
will be
collaborating
with (2)

o

o

o

o

o

I have a good
idea about the
roles and
responsibilities
of my future
job (3)

o

o

o

o

o

I know what
kind of
applications,
tools and
equipment I
will handle in
my future
occupation (4)

o

o

o

o

o
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I am aware of
the impact of
the decisions I
make as a
professional in
the industry (5)

o

o

o

o

o

I have a good
idea about the
rules and
regulations in
the industry (6)

o

o

o

o

o

I work parttime in (or am
running) a
business
related to what
I am studying
(7)

o

o

o

o

o

I am part of an
interest group
(inside or
outside of the
college I
attend) related
to my
profession (8)

o

o

o

o

o

I know
personally
some people
who work in
my future
profession (9)

o

o

o

o

o
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I admire most
those teachers
who are
professionals
in the area I
would like to
enter (10)

o

o

o

o

o

I admire
professionals
who are
already
working in my
future work
environment
(11)

o

o

o

o

o

I have no doubt o
that I will
master all the
skills necessary
to succeed in
my future work
(17)

o

o

o

o

I am not sure
about the kind
of challenges
faced by the
professional in
the industry I
will work in
(18)

o

o

o

o

o

I follow
developments
in my future
industry in
newspapers
and on
television (20)

o

o

o

o

o
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I am already
pretty sure
what kind of
profession I
will enter after
completing my
college
education (21)

o

o

o

o

o

I have
interacted with
professionals
in the industry
outside of the
college or
through events
organized in
the college
(22)

o

o

o

o

o

When working
on problems in
class, I imagine
myself to be in
the shoes of a
professional in
my future (23)

o

o

o

o

o

I believe I can
already think
and reason like
a professional
in a company
or organization
(24)

o

o

o

o

o

I am confident
that I can do an
excellent job in
the future (25)

o

o

o

o

o
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I follow
developments
in my future
industry in
newspapers
and on
television (26)

o

o

o

o

o

I am sure I will
have no
problems
dressing or
behaving like a
professional in
my industry
(27)

o

o

o

o

o

I feel poorly
prepared for a
real job (28)

o

o

o

o

o

I believe that I
will easily get
along with my
future
colleagues, get
their
cooperation,
and have
informal
conversations
with them (29)

o

o

o

o

o

I concentrate in o
my studies on
what I believe I
would need to
know and be
able to do
when I enter
my future
occupation
(30)

o

o

o

o
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I have
interacted with
professionals
in the industry
outside of the
college or
through events
organized in
the college
(31)

o

o

o

o

o

Before I
entered the
college, I
already had
some prior
work
experience
related to in the
profession of
my choice (32)

o

o

o

o

o

End of Block: Professional Identity
Start of Block: Preference for a Particular Profession
10 Do you already have a preference for a particular profession?
o Yes (1)
o No (2)
End of Block: Preference for a Particular Profession
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Start of Block: Recognition by Others
Q36 Recognition by Others
Strongly Agre Somewhat
agree
e (17) agree (18)
(16)

Neither
agree
nor
disagre
e (19)

Somewhat
disagree
(20)

Disagree
(21)

Strongl
y
disagree
(22)

It is
important
to me to
receive
recognition
for my
work from
my
professors
and/or
mentor (1)

o

o

o

o

o

o

o

It is
important
to me to
receive
recognition
for my
work from
my
classmates
and peers
(2)

o

o

o

o

o

o

o

Recognitio
n by others
has played
a large part
in how I
think of
myself as a
member of
the STEM
community
(3)

o

o

o

o

o

o

o

End of Block: Recognition by Others
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Start of Block: Achievement goals
Q25 Achievement goals
Strongly
Somewhat
disagree
disagree (82)
(81)

Neither
agree nor
disagree
(83)

Somewhat
agree (84)

Strongly
agree (85)

My aim is to
completely
master the
material
presented in
this class.
(19590)

o

o

o

o

o

I am striving
to do well
compared to
other students.
(19591)

o

o

o

o

o

My goal is to
learn as much
as possible.
(19592)

o

o

o

o

o

My aim is to
perform well
relative to
other students.
(19593)

o

o

o

o

o

My aim is to
avoid learning
less than I
possibly
could. (19594)

o

o

o

o

o
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My goal is to
avoid
performing
poorly
compared to
others.
(19595)

o

o

o

o

o

I am striving
to understand
the content of
this course as
thoroughly as
possible.
(19596)

o

o

o

o

o

My goal is to
perform better
than the other
students.
(19597)

o

o

o

o

o

My goal is to
avoid learning
less than it is
possible to
learn. (19598)

o

o

o

o

o

I am striving
to avoid
performing
worse than
others.
(19599)

o

o

o

o

o

I am striving
to avoid an
incomplete
understanding
of the course
material.
(19600)

o

o

o

o

o
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My aim is to
avoid doing
worse than
other students.
(19601)

o

o

End of Block: Achievement goals

o

o

o
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Start of Block: Self-authorship
Q31 Self-authorship
Strongly Agree
(1)

Agree (2)

Disagree (3)

Strongly
Disagree (16)

o

o

o

o

To make a good
o
career choice
about a career, I
think that experts
are in the best
position to advise
me about a good
choice. (6)

o

o

o

The most
important role of
an effective
career counselor
or advisor is to
be an expert on a
variety of career
options. (9)

o

o

o

o

The most
important role of
an effective
career counselor
or advisor is to
provide guidance
about a choice
that is
appropriate to
me. (11)

o

o

o

o

To make a good
career choice
about a career, I
think that facts
are the strongest
basis for a good
decision. (5)
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My primary role
in making an
education
decision . . . is to
acquire as much
information as
possible. (13)

o

o

o

o

My primary role
in making an
education
decision . . . is to
seek direction
from informed
experts. (15)

o

o

o

o

To make a good
career choice
about a career, I
think that it is
largely a matter
of personal
opinion. (18)

o

o

o

o

When people
have different
interpretations of
a book, I think
that some books
are just that way.
It is possible for
all interpretations
to be correct.
(20)

o

o

o

o
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If a teacher or
advisor
recommended a
career in a field
that I have never
considered
before, I would
explain my point
of view. (22)

o

o

o

o

The most
important role of
an effective
career counselor
or advisor is to
help students
think through
multiple options.
(24)

o

o

o

o

My primary role
in making an
education
decision is to
consider my own
views. (26)

o

o

o

o

To make a good
career choice
about a career, it
is not a matter of
facts or expert
judgment, but a
match between
my values,
interests, and
skills and those
of the job. (27)

o

o

o

o
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When people
have different
interpretations of
a book, I think
that multiple
interpretations
are possible, but
some are closer
to the truth than
others. (29)

o

o

o

o

Experts are
divided on some
scientific issues,
such as the
causes of global
warming. In a
situation like
this, I would
have to look at
the evidence and
come to my own
conclusion. (31)

o

o

o

o

Experts are
divided on some
scientific issues,
such as the
causes of global
warming. In a
situation like
this, I think it is
best to accept the
uncertainty and
try to understand
the principal
arguments
behind the
different points
of view. (34)

o

o

o

o
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If a teacher or
advisor
recommended a
career in a field
that I have never
considered
before, I would
try to understand
their point of
view and figure
out an option that
would best fit my
needs and
interests. (37)

o

o

o

o

In my opinion,
the most
important role of
an effective
counselor or
advisor is to
direct students to
information that
will help them to
make a decision
on their own.
(40)

o

o

o

o

End of Block: Self-authorship
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Start of Block: Demographics
11 What is your gender?
o Male (1)
o Female (2)
o Do not wish to answer (3)
o Other (4) ________________________________________________
12 What is your age in years?
________________________________________________________________
13 What is your race/ethnicity? Please select all that apply.
o White (1)
o Black or African American (2)
o American Indian or Alaska Native (3)
o Asian (4)
o Native Hawaiian or Pacific Islander (5)
o Latin/x (6)
o Other (7)
14 What college are you attending?
o Lehman College (1)
o Baruch College (2)
o Brooklyn College (3)
o City College (4)
o College of Staten Island (5)
o Medgar Evers (6)
o City Tech (7)
o Queens College (8)
o Bronx Community College (9)
o Guttman Community College (10)
o Hostos Community College (11)
o Other (12) ________________________________________________
15 What is your current year in school?
o Freshman (1)
o Sophomore (2)
o Junior (3)
o Senior (4)
o Other (5) ________________________________________________
Q33 What is your cumulative GPA (as of Summer 2020)?
o 4.00-3.51 (1)
o 3.50-3.01 (2)
o 3.00-2.51 (3)
o 2.50-2.00 (4)
o Below 2.00 (5)
Q35 What was your GPA last semester (Spring 2020)?
o 4.00-3.51 (1)
o 3.50-3.01 (2)
o 3.00-2.51 (3)
o 2.50-2.00 (4)
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o Below 2.00 (5)
16 Is English your native language?
o Yes (1)
o No (2)
o If you answered no, what is your native language? (3)
________________________________________________
17 What is the highest level of education achieved by your father or primary male caregiver?
o Elementary (1)
o Junior High (2)
o High School (3)
o Some College (4)
o Bachelor's (5)
o Master's (6)
o Doctorate (7)
o Not Applicable (8)
o I don't know (9)
18 What is the highest level of education achieved by your mother or primary female caregiver?
o Elementary (1)
o Junior High (2)
o High School (3)
o Some College (4)
o Bachelor's (5)
o Master's (6)
o Doctorate (7)
o Not Applicable (8)
o I don't know (9)
19 While you are enrolled in classes, how would you categorize your employment status?
o Employed full time (1)
o Employed part time (2)
o Unemployed looking for work (3)
o Unemployed not looking for work (4)
o Retired (5)
o Student (6)
o Disabled (7)
20 Do you consider yourself a first generation college student?
o Yes (1)
o No (2)
End of Block: Demographics
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Start of Block: Amazon Gift Card
21 If you want to receive a $5 Amazon.com Gift Card, please supply your First and Last Name
and a valid CUNY email address in the space below. You will receive a code for redemption by
email within a few days.
First and Last Name
________________________________________________________________
22 CUNY Email Address
________________________________________________________________
End of Block: Amazon Gift Card
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Start of Block: Additional Participation
23 If you have completed the survey and wish to participate in an interview as a follow up to
your responses, please enter your First and Last Name and email below (additional compensation
will be provided for your time).
First and Last Name
________________________________________________________________
24 CUNY Email Address
________________________________________________________________
End of Block: Additional Participation
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Appendix 7
Interview Questions
Modified from Nadelson, L. (2017) and Tan, van der Molen & Schmidt (2017).
1. How do you identify (race, ethnicity, gender); have these labels affected your choice for
major or future career path?
2. Why are you pursuing a STEM degree?
3. Have your STEM career plans changed over time?
4. Do you consider yourself a STEM professional? Why or why not? How do you describe
yourself as a STEM Professional? How do others perceive/describe you as a STEM
Professional? What experiences have you had so far that have most influenced the
development of your professional identity?
5. Please describe your professional “journey”. What have you learned during this journey?
What else would you like to learn?
6. What is it that you like about being a future STEM Professional? What don’t you like
about it?
7. What do you perceive to be the biggest barrier to your development as a STEM
professional?
8. Who from the university has been most influential on the development of your
professional identity?
9. How do you typically interact with faculty? Describe an instance when you worked with
a faculty member to learn something new.
10. What activities do you complete consistently while in the lab/with your research mentor?
11. What other life roles do you have besides that of being a STEM student? For instance:
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12. What extracurricular activities do you participate in on campus? What roles do you hold
in these clubs: leader, participant?
13. Have you participated in any research related to your major, outside of your normal
coursework?
14. Are you working during your time in college? If so, what company was it at, how long
were you interning there and what were your responsibilities?
15. What do you manage to influence as a student? What is your impact in your immediate
environment, and in wider society?
16. Would you like to add anything concerning the content of the interview? What would this
be?
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Appendix 8
Louis Stokes Alliances for Minority Participation (NYCLSAMP)
Louis Stokes Alliances for Minority Participation (NYCLSAMP) Program Guidelines, 2020

The Louis Stokes Alliances for Minority Participation (NYCLSAMP) program is based
on alliances with institutions to improve student retention. The overall goal of the program is to
assist colleges and universities with their work to increase the diversity of the STEM workforce
in the United States. This is accomplished by increasing the number of two and four-year
graduates with a STEM major that enter the workforce and by also increasing the number of
students that move to complete a graduate degree in a STEM field.
The work focuses on underrepresented populations in these fields. These
underrepresented populations usually cover racial and ethnic groups such as African Americans,
Hispanic Americans, American Indians, Alaska Natives, Native Hawaiians, and Native Pacific
Islanders. The NYCLSAMP program within the CUNY system directly focuses its work on
African-American and Hispanic/Latinx students.
The NYCLSAMP program makes use of a variety of strategies to increase retention and
support for these underrepresented minority populations. At CUNY, for instance, the students are
guaranteed placement with a research mentor, as well as the opportunities to work in science labs
on and off-campus, a stipend, seminar classes, and workshops that focus on career skills (such as
presentations skills) as well as opportunities for summer research, attendance and presentations
at local, regional and national conferences and in some cases opportunity to publish research
results. The hope is that this extra support at a variety of levels will influence the development of
the science identity of these students and open opportunities for them to make the move into the
STEM workforce, either by way of graduate school or directly.
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Overall, the NYCLSAMP program provides funding to alliances that implement
comprehensive, evidence-based, innovative, and sustained strategies that ultimately result in the
graduation of well-prepared, highly-qualified students from underrepresented minority groups
who pursue graduate studies or careers in STEM.

