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ABSTRACT 
 
Identity development, through time, of graduate students is a topic understudied in most 

disciplines, and completely unstudied in optics and photonics. As a physical science and 

engineering discipline with blossoming scientific value, optics and photonics is growing a 

small number of graduate programs. With this growth, a more in depth and detailed 

understanding of the exposure, recruitment, development and enrollment experiences of 

those students are needed. Identity-trajectory offers a promising theoretical framework to 

understand academic and professional development of professionals through time and has 

been shown to be reliable in many social science and humanities disciplines. The 

narrative methodology is emerging in use and acceptance within the engineering 

education research community. The provoking combination of a growing discipline, a 

theoretical framework with little prior application in physical science and engineering, 

with a creative methodology were intentionally selected for this study.   

A semi-structured interview protocol was developed to prompt participants 

through a reflective description of their academic and professional development. Twenty-

five current and recent graduate students from nine degree granting optics and photonics 

graduate programs participated in the study. In addition to participating in the interview, 

averaging about forty-five minutes, participants submitted a curriculum vita in advance of 

the interview. Both the interview and the vita provide the primary data used in this study. 

Interview transcripts were coded with the theory of identity-trajectory’s three strands: 

intellectual development, institutional influence and network.
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The findings are grouped into pre-graduate training and graduate development 

experiences. Considering pre-graduate training, research experience as an undergraduate 

facilitates future decisions and access to graduate education. For graduate students, the 

structural experience within the graduate program, specifically related to research, 

facilitate progress through the program and beyond. The graduate program experience 

generally prepares students for academic research, but not the broader career pathways 

that students seek and eventually follow. All of these findings center on the laboratory, as 

the conduit for developing undergraduates to graduate students, and graduate students to 

professionals; the experience within the laboratory frames identity-trajectory throughout 

undergraduate and graduate experiences.  These findings were used to provide strategies 

for departments, faculty and students in these fields, but are applicable in similarly 

structured disciplines. 
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CHAPTER 1: INTRODUCTION 

Optics and photonics as a discipline is rapidly becoming one of the most valuable assets 

to technology development although many people have never heard of it. Technological 

developments in optics have led directly to innovations in medicine, telecommunication, 

computing devices, and equipment for scientific research. In the United States, there are 

14 institutions granting associate’s, bachelor’s, master’s, and/or doctorate degrees in 

photonics. Optics and photonics programs are situated within their institutions in various 

ways. Common sites for optics and photonics research and training in academia include 

departments of physics, electrical engineering, and materials science; however, the 

number of optics departments and research centers is increasing. Graduate students 

migrate into the field of optics in many different ways and through various 

interdisciplinary pathways. This study aims to understand professional identity 

development of graduate students in photonics-related departments through the three 

strands of identity-trajectory: intellectual, institutional, and network.  

1.1 Need for this Research 
 

Graduate student identity is a well-studied area of research but there is little work focused 

on engineering graduate students and none on photonics graduate students. Identity is an 

important aspect of many studies of STEM student retention, particularly at the 

undergraduate level. Formal training in optics usually does not coalesce until the graduate 

level, and that is the focus of this study. As members of a growing field within 

engineering, photonics faculty and program administrators will benefit from 

understanding the identity development of their graduate students, including these 

students’ prior experiences that have contributed to their decision to enroll. The 
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professional identity of an individual changes over time due to influences of past 

experiences, current aspirations, and future goals. Identity-trajectory theory uses three 

strands of identity that are not often combined in a single study: intellectual, network, and 

institutional (McAlpine, 2010). Lenses that are intellectual (individual contributions), 

network-based (connection to the academic field), and institutional (responsibilities and 

resources) contribute in varying ways to an individual’s professional identity 

construction. Identity-trajectory as a framework in this study will provide insight into the 

early experiences that lead to students’ selection of photonics, the influence of social-

professional networks, and how their graduate institutions impact their future goals.  

 

1.2 Purpose of the Study 
 

The purpose of this study is to describe the identity-trajectory of graduate students in 

photonics-related graduate programs. Photonics graduate students come from multiple 

disciplinary backgrounds, which may or may not have included formal training in the 

field prior to entering their graduate programs. Understanding how students negotiate and 

construct their professional identity in this (interdisciplinary) environment provides 

insight for photonics programs in course sequencing, unconsidered pathways to the field 

for recruiting purposes, and professional development of graduate students. 

1.3  Research Question 
 

The central question in this study is:  

How do photonics graduate students construct their professional identity?  

Graduate school is one of the most formative professional periods for PhDs and should 
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be, to the extent possible, intentionally designed to foster the future success of graduates. 

The study aims to answer three sub-questions that contribute to better understanding 

career trajectories of photonics graduate students.  

 

The sub-questions are:  

How do past intellectual experiences contribute to the professional identity-
trajectory of photonics graduate students? 

 
How do networks and relationships influence the professional identity-trajectory of 

photonics graduate students? 

 

How do institutional factors support or constrain photonics graduate students’ 

professional identity-trajectory? 

 The outcomes of this research may influence pedagogical practices and policies of 

these graduate programs to promote student success in ways that the program 

administrators may not have been able to uncover on their own. This research also 

contributes to identity-trajectory literature, especially in the context of graduate 

education. McAlpine and Lucas’s 2011 research focused on social science graduate 

students. Although there is also recent work including biological science students by 

McAlpine (2012), there has not been any identity-trajectory research published to date on 

engineering or physical science graduate students. This research contributes to the body 

of knowledge of graduate education in engineering and physical sciences, as well as 

identity-trajectory.  

1.4  Overview of Methods 
 
This study is an analysis of narratives of 25 optics and photonics graduate students in 
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PhD-granting programs. The study also includes a set of pilot interviews with department 

heads of departments of optics and photonics. Participants were purposefully selected to 

represent variation in institution, years in program, undergraduate background, work 

experience, gender, and nationality (Leydens, 2008; McAlpine, 2011). Two data sources 

were used for this study: interviews and curriculum vitae. Interviews were conducted 

with each of the participants to explore their identity-trajectory linking through their past, 

present, and future experiences. The findings focus on experiences, networks, and 

institutional factors and roles that contribute to how students saw themselves as 

professionals at the time of the interviews and their expected future careers. Curriculum 

vitae represent the students’ intellectual identity throughout their programs (McAlpine, 

2010). These interviews and curriculum vitaes were analyzed through open and axial 

coding methods to identify themes across the participants.  

 
1.5 Limitations 
 
One of the notable limitations of this study is that it focused on departments and PhD 

programs with optics or photonics in their titles. The relatively small number of specific 

degree-granting photonics and optics departments are at the forefront of the emerging 

field as its own disciplinary home. In a study on student and faculty interdisciplinary 

identities, McNair et al. argue that “traditionally the source of power is academic 

disciplines” (2011, p. 378); in the case of optics, the powerful departments are physics 

and electrical engineering. There is a substantially broader population in these 

departments of graduate students who affiliate with optics and photonics and those who 

intentionally develop their careers in this area could have been interesting participants; 

however, they were not included to reasonably limit the scope of this research.  
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1.6  Overview of Remaining Chapters 
 
The remaining 5 chapters of this dissertation include (1) the literature review, overview, 

and theoretical framework; (2) methodology; (3) pre-graduate experiences; (4) graduate 

development; and (5) conclusion. Chapter 2 summarizes pilot research on photonics 

programs that contributed to the development of the study and reviews the literature 

relevant to the theoretical framework of identity-trajectory. Both the theory itself and its 

application in other studies of graduate students are reviewed. Chapter 3 describes in 

detail the methods developed and applied to this identity-trajectory study of optics 

graduate students. Chapter 4 presents findings on the pre-graduate training experiences of 

optics and photonics graduate students. These narratives demonstrate some of the most 

influential factors for preparing graduate students through the strands of intellectual, 

network, and institutional influences. Chapter 5 describes the graduate training and 

development of these students and the ways in which the three strands become a part of 

their development. Chapter 6 discusses the implications and conclusions of this research 

study.




