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Chapter 1: Overall Introduction 

 

In this dissertation I study doctoral candidates’ professional socialization experiences 

during graduate school and bring to the forefront the importance of doctoral cohort networks 

on their socialization patterns and career outcomes.    

Doctoral education constitutes the first step into the academic profession. During this 

long and intense training period doctoral candidates: study, conduct research, learn all about 

academic life, socialize into the profession and ultimately develop their professional identity. 

They socialize into academia by learning and internalizing discipline specific skills, norms, 

values, and attitudes acceptable in the groups they aspire to become members (Bragg, 1976, 

Merton et al., 1957). To overcome the challenges, uncertainty, and struggles associated with 

this intense training experience and built resilience to reach their goal, candidates rely on 

relationships with supervisors, faculty, fellow candidates, friends, family, etc. with some of 

these interactions having a profound effect on their professional identity development and 

subsequent career choices (Bragg, 1976). These networks, built at graduate school, are 

developmental in nature and facilitate the provision of career and psychosocial support for 

candidates’ personal and professional development (Baker and Lattuca, 2010, Dobrow et al., 

2012). They are of key importance since candidates in their early career stages are in greater 

need for support functions, such as, among others, guidance, advice, feedback, and access to 

resources to develop their professional identity and advance their career (Baker and Lattuca, 

2010, Higgins and Kram, 2001, Kram and Isabella, 1985).  

Despite the importance of support networks in science careers (Hetty van Emmerik, 

2004, Kirchmeyer, 2005, Sweitzer, 2009), there is limited research on networks of early career 

academics, their configuration and impact on career outcomes. Moreover, existing literature on 

doctoral education and the effects of the respective socialization experiences on doctoral 
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candidates’ decision to pursue and prospects to entry academia after graduation focuses on 

supervisors’ impact since they play a key role in introducing candidates to discipline specific 

practices and usually encourage them to pursue an academic career (Sauermann and Roach, 

2012). Given that doctoral candidates’ prospective academic careers are shaped by the wider 

academic environment (Broström, 2019) and the essential role of doctoral cohorts in 

candidates’ professional identity development (Baker and Pifer, 2011, Baker and Pifer, 2014, 

Weidman et al., 2001), modest attention has been given to the role of doctoral cohorts in 

shaping candidates’ career decisions. Considering the evidence of peer effects among 

academics (Agrawal et al., 2017, Bercovitz and Feldman, 2008, Hoenen and Kolympiris, 2019, 

Kolympiris et al., 2019, Tartari et al., 2014), the lack of empirical evidence on doctoral 

candidates’ early career networks’ configuration and their role in shaping candidates’ career 

choices motivate the empirical studies of this dissertation (Chapters 3 and 4) following a 

literature review on how candidates’ socialization experiences affect their career aspirations 

(Chapter 2). 

In the second chapter, I conduct a literature review on how doctoral candidates’ 

socialization experiences during graduate school shape their career aspirations. With the main 

goal of individuals embarking on the doctoral journey being to pursue an academic career, a 

large literature stream has dealt with how doctoral candidates’ experiences during graduate 

school affect their well-being, achievements, and program completion (Sverdlik et al., 2018), 

yet there is limited prior research on the effects of doctoral candidates’ socialization 

experiences on their career aspirations and choices. Doctoral candidates’ socialization within 

a specific academic community with supervisors, faculty, fellow candidates, etc. constitutes an 

integral component of doctoral education affecting their professional identity development 

(Bragg, 1976, Weidman et al., 2001). In this review, I provide an outline of prior research 



10 
 

focusing on how doctoral candidates’ socialization experiences during graduate school affect 

their career aspirations and later career choices and I offer directions for future research.  

The third chapter is based on the concept of developmental networks which has been 

developed by extending mentoring theories while incorporating a social networks’ perspective 

(Baker and Lattuca, 2010, Higgins and Kram, 2001). Developmental networks are defined as 

groups of people, identified by a focal individual, taking an active interest in their career and 

life progress by providing various functions of career and psychosocial support (Higgins and 

Kram, 2001, Dobrow et al., 2012). Gender stratification continues to be prevalent in all 

hierarchical levels in academia (Etzkowitz et al., 2000, Fox, 2001) and early career networks 

are shaping nascent academics with the outcomes of early career socialization experiences 

becoming more pronounced in later career stages (Dobrow and Higgins, 2005, Etzkowitz et 

al., 2000). Given the above, in this study I explore the characteristics and the composition of 

doctoral candidates’ developmental networks during graduate school. Incorporating a 

“mutuality” perspective, i.e. accounting for the viewpoints of all the parties involved in a 

developmental relationship, I examine whether there are gender differences in forming and 

reciprocating relationships in doctoral candidates’ developmental networks. For the empirical 

investigation, the entire population of Chemical Engineering doctoral graduates (N=173) from 

the University of Cambridge, UK during an eleven-year period (1996-2007) was used as 

context with hand-collected data for the construction of doctoral candidates’ developmental 

networks which were operationalized as the sum of their PhD dissertations’ 

acknowledgements. The findings provide evidence of gender differences in doctoral 

candidates’ developmental networks’ configuration proving that gender differences in giving 

and receiving credit emerge in early stages of academic careers.  

The fourth chapter draws from the professional socialization process and the concept 

of developmental networks with both facilitating professional identity development (Baker and 
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Lattuca, 2010, Bragg, 1976, Dobrow et al., 2012). Professional socialization during graduate 

school, by definition a social process, highly depends on doctoral candidates’ relationships and 

interactions within the academic setting which have a profound effect on their professional 

identity development and in turn career decisions. Existing literature examining entry into 

academia focuses on the effects of supervisors and institutions on doctoral candidates’ career 

decision making process (Bedeian et al., 2010, Gaule and Piacentini, 2018, Sauermann and 

Roach, 2012) with modest attention given, to the role of relationships within doctoral cohorts 

in shaping candidates’ career paths. Thus, in this study I explore whether relationships among 

doctoral candidates during graduate school affect their career choices. Moreover, I argue that 

the more relationships they forge within their doctoral cohorts the more likely they are to pursue 

an academic career after graduation. For the empirical investigation of the proposed conjecture, 

the entire population of doctoral graduates from the University of Missouri – Columbia, US 

during a fifteen-year period (1996-2010) was used. A mainly hand-collected unique mutli-

sourced dataset was built to extract relationship information from the acknowledgements 

sections of PhD dissertations. The findings provide significant evidence that relationships 

among doctoral candidates partially explain their likelihood of taking up an academic position 

after graduation.  

Reviewing existing literature on the effects of doctoral candidates’ socialization 

experiences during graduate school on their career aspirations, and empirically investigating a) 

gender differences in doctoral candidates’ developmental networks, i.e. giving and receiving 

credit for career and psychosocial support, and b) whether these networks, built during graduate 

school, affect their career decisions, not only I provide rigorous empirical evidence but I also 

strive to fulfil the aim of this dissertation to contribute to four main literature streams:   

First, it extends the literature on doctoral education and specifically the stream 

examining doctoral candidates’ socialization experiences during graduate school and potential 
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outcomes. Relevant research conducted in doctoral settings focuses mainly on the effects of 

candidates’ social experiences on their well-being, achievements and degree completion 

(Sverdlik et al., 2018). For instance, this research stream thoroughly examines how doctoral 

candidates’ feelings of uncertainty and isolation, the lack of work life balance, and their 

inadequate socialization into science and academic life lead them to drop out or among others 

cause mental and physiological health issues (Castelló et al., 2017, Levecque et al., 2017, 

Sverdlik et al., 2018), largely overlooking how these experiences and especially candidates’ 

socialization within doctoral cohorts affect their career choices after graduate school.  

Second, it advances the literature examining gender differences in academia providing 

valuable insights into academics’ early career developmental relationships. Men and women 

in science face different barriers and realities (Etzkowitz et al., 2000, Fox, 2001), which are 

oftentimes demonstrated in the configuration of their academic networks (Hetty van Emmerik, 

2004, Spurk et al., 2015). The findings of the first empirical study provide evidence that gender 

differences in academic networks and in giving and receiving credit for the provision of career 

and psychosocial support emerge in the formative career stages of nascent academics. These 

differences in the configuration of early career developmental networks, which become more 

pronounced in later career stages, shape in turn doctoral candidates’ professional socialization 

and professional identity development (Bragg, 1976, Sallee, 2011). 

Third, it contributes to the developmental network literature since to the best of my 

knowledge these are the first studies also examining the reciprocity of developmental 

relationships. Dobrow et al. (2012), in their systematic literature review on developmental 

networks, identified a gap in this research stream namely the lack of a “mutuality” perspective. 

These developmental relationships are essential for the career and life progress of all the parties 

involved as well as the institution within which they are realized (Baker and Lattuca, 2010, 

Dobrow et al., 2012). Thus, accounting for both perspectives provides a deeper understanding 
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of the importance of the support exchanged and the influence exerted by the parties involved 

in a given developmental relationship.  

Fourth, it contributes to the large literature stream on peer effects in academia (Agrawal 

et al., 2017, Bercovitz and Feldman, 2008, Tartari et al., 2014, Sacerdote, 2001) by shedding 

light on the importance of doctoral candidates’ cohort relationships for their professional 

socialization and in turn career choices. The interactions of the individual being socialized with 

their environment by identifying role model(s), seeking, and receiving feedback and validation, 

etc. are critical elements of the professional socialization process, which leads to professional 

identity development (Bragg, 1976). The findings of the second empirical study illustrate that 

relationships among doctoral candidates facilitate their professional socialization 

demonstrating the importance of these relationships in candidates’ formative career stages and 

in shaping future career outcomes.  
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Chapter 2: PhD students’ experience: A review of how graduate 

school socialization experiences shape doctoral students’ career 

aspirations and prepares them for a career in academia. 
 

 

 
 

 

 

 

Abstract  
 

The purpose of doctoral education is to produce knowledgeable and competent individuals 

capable to pursue a wide range of careers with primary goal to prepare the next generation of 

academics. Socialization into the academic profession is a long, complex, and dynamic process 

influenced by PhD students’ socialization experiences. The present review aims to offer a 

deeper understanding of the socialization factors shaping PhD students’ career aspirations. We 

reviewed and analysed 32 empirical and conceptual articles examining how PhD student’s 

socialization experiences during doctoral training shape their career aspirations and 

professional identity development. PhD students’ social experiences constitute an integral part 

of the training, and the findings show that professional socialization does not occur in vacuum 

but is rather influenced by the academic context, departments, supervisors, and fellow PhD 

students. This review offers insights about how PhD students’ socialization within a specific 

institutional environment influences their perceptions about academia and supports them in 

understanding their professional roles, critical information for universities and relevant 

shareholders in structuring doctoral programs to prepare and encourage PhD students to pursue 

an academic career after graduation.  
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Introduction  
 

Universities around the world are awarding more PhD degrees than ever before. To 

illustrate, the number of science PhD degrees awarded showed a 40 per cent increase during 

the decade 1998-2008 in the member countries of the Organisation for Economic Co-operation 

and Development (OECD) (Cyranoski et al., 2011). As such, the resulting number of doctoral 

graduates is often greater than the number of available faculty positions. PhD students embark 

on the doctoral journey mainly to follow an academic career and the training constitutes a long 

process of socialization into the academic profession. Professional socialization is an 

individual’s socialization to a particular role, by gaining specialized knowledge, learning skills, 

and acquiring filed specific values, norms and behaviours acceptable to the group in which the 

individual aspires to become a member (Bragg, 1976). This process does not occur in vacuum. 

For instance, PhD students socialize to the profession by engaging with the academic 

community (Austin, 2002) and by relying on relationships with supervisors, other faculty, 

fellow PhD students, friends and family for help and support with some of these relationships 

having a profound effect on their career paths (Spurk et al., 2015, Baker and Lattuca, 2010).  

PhD students’ experiences during graduate school in combination with the reality of 

the academic labour market often shape their career aspirations towards alternative career 

options outside academia contrary to departmental and supervisors’ encouragement to follow 

a career in academia (Sauermann and Roach, 2012). However, a 2017 Nature’s worldwide 

survey to PhD students revealed that despite these challenges, PhD students are more 

committed than ever to pursue academic careers (Woolston, 2017). Thus, understanding the 

mechanisms shaping PhD students’ career aspirations, and in turn career choices, requires 

attention and further investigation because it yields insights about the direction of science, 

critical information for both universities and policy makers. 
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A large literature stream has examined various aspects of the doctoral training since it 

constitutes the first step into academic careers. The main themes of the existing research on 

doctoral training include but are not limited to: the design and structure of doctoral programs; 

teaching; research and writing; supervisor-student relationships; PhD students’ experiences; 

and employment after the PhD completion (Jones, 2013). Sverdlik et al. (2018) in their 

comprehensive literature review on how doctoral students’ experiences affect PhD completion, 

achievement, and well-being, categorized the factors of doctoral experience in external: 

supervision; personal/social life; departmental structure and socialization; financial 

opportunities, and internal: motivation; writing skills and regulatory strategies; academic 

identity; self-worth; and self-efficacy. It should be noted that most of these factors are 

interconnected, and the cumulative outcomes cannot always be attributed to a specific cause. 

However, regarding PhD students’ experiences, most of the relevant literature focuses on 

aspects contributing to PhD completion such as causes of students’ attrition (Gardner, 2009b), 

relationships between supervisors and students (Tenenbaum et al., 2001) and the social 

isolation students face resulting in mental health issues (Levecque et al., 2017).  

This growing literature body has also examined the effects of PhD students’ and 

supervisors’ demographics, mentoring relationships, institutional contexts, departmental and 

disciplinary characteristics on PhD students’ socialization experiences yet only a few studies 

have investigated the effect of PhD students’ socialization experiences on their career 

aspirations and choices. The social experiences of PhD students constitute an integral part of 

the doctoral training since they provide a first taste of what academia is like besides the research 

and teaching responsibilities (Austin, 2002). The socialization process, by definition, is a 

continuous, learning and social process, where the focal individual first learns and observes 

acceptable behaviours of a specific environment (Bragg, 1976). Then, the individual adapts to 

the environment by imitating these acceptable behaviours, seeks and receives feedback from 
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the members of the specific group, potentially modifies their perceptions and attitudes and 

finally internalises them (Bragg, 1976). One of the most important elements of this process is 

the interaction between the focal individual and their environment which in our case is 

translated into the institution/department, the faculty, and the fellow PhD students.  

It is evident that academic careers are not solely shaped by institutions and supervisors 

but also by the wider (local and non-local) academic context (Broström, 2019). The 

socialization process is characterized as successful when the individual being socialized has 

internalized this specific group’s values, norms and behaviours which results to professional 

identity development (Bragg, 1976). However, the mechanisms through which socialization 

during doctoral training shapes PhD students career aspirations and in turn their career 

decisions has been given limited attention. Thus, a review of how doctoral students’ 

socialization experience during graduate school affects their career aspirations and career 

choices will provide valuable insights on how this experience helps PhD students to overcome 

challenges associated with the PhD, understand academic practices, and develop a professional 

identity, scholarly or not.  

Review Parameters 
 

The aim of this review is to critically examine recent literature on how PhD students’ 

socialization experiences shape their career aspirations. We draw on both conceptual and 

empirical studies of the literature on doctoral training examining the main socialization factors 

affecting PhD students’ decision to pursue or not an academic career. To retrieve the relevant 

studies, we conducted the review based on a simplified version of the literature review process 

by Tranfield et al. (2003).  

The articles for the present literature review were retrieved from Scopus. At least one 

of the seven following keywords had to appear in the article’s title or abstract (Chapter 2 
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Appendix, Table 1): “doctoral stud*”, “doctoral candidat*”, “PhD stud*”, “PhD candidat*”, 

“graduate stud*”, “postgraduate stud*”, or “post-graduate stud*”. To narrow down the search 

and retrieve the relevant articles, these keywords were combined with two more sets of 

keywords: (a) “socialization”, “socialization process*”, “experience”, “well-being”, “social”, 

or “network*”, (b) “career*”, “career outcom*”, “career choice*”, “academic career*”, “career 

preference*”, or “scientific career*”. Thus, the title or the abstract of an article needed to 

include at least one keyword from these three sets of terms to be included in this review.  

The search was restricted to all, written in English, articles and reviews published from 

2000 onwards (last 20 years) to ensure a focus on recent literature examining the link between 

PhD students’ socialization experiences and their career aspirations. The initial search resulted 

in 129 articles. The following exclusion criteria were set for the primary abstract screening. 

First, all articles examining graduate students other than PhD level students were excluded. 

This criterion was established to ensure that the review remains focused on PhD students, as 

the experiences of students in other graduate programs such as professional PhDs, MSc 

degrees, etc., differ from PhD students in various ways such as rationale of students’ enrolment, 

experiences, challenges, professional goals, etc. Along the same lines, articles examining 

online doctoral education were also excluded since these PhD students, compared to the ones 

enrolled to typical in-person programs, have a different educational experience in the online 

educational environment, face different challenges and have limited informal interactions with 

fellow PhD students, faculty, etc. Last, articles examining solely gender and racial differences 

were also excluded since they were out of the scope of this study.  

The review of the retrieved articles yielded only five studies examining how PhD 

students’ socialization experiences shape their career aspirations. Thus, we expanded the scope 

of the review and included articles, from the initial Scopus search outcome, examining the 

effects of PhD students’ socialization experience on their professional identity development. 
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This reviewing revealed another notable theme concerning the formal programs aiming to 

prepare PhD students for the professoriate. Hence, apart from articles examining the link 

between doctoral students’ socialization experience and their career aspirations or professional 

identity development we also analyse and discuss a group of articles examining PhD students’ 

socialization experiences in formal programs preparing them for their later careers since it 

touches upon both PhD students’ career aspirations and career preparation.   

The final selection of articles of this review (n=32) were published between 2003 and 

2020 and most of them are qualitative with one being conceptual. The analysis of these articles 

commenced with reading them followed by sorting the following information: aim, research 

question(s), data sample(s), method(s), dependent variable(s), and findings. In the next 

sections, we discuss the results which according to each article’s focus are grouped into the 

three following categories: Career Aspirations, Scholarly Identity Development and Formal 

Efforts for Professional Identity Development.  

Results 
 

Section 1: Socialization Factors Shaping PhD Students’ Career Aspirations  
 

According to Nature’s 2017 worldwide survey to PhD students, career paths along with 

maintaining work-life balance during the PhD training constitute the biggest concerns of PhD 

students across disciplines (Woolston, 2017). Socialization during graduate school facilitates 

PhD students’ acclimatization to their future professional roles (Austin, 2002). PhD students’ 

socialization to academic norms refers to the process where they gain advanced level 

knowledge, acquire skills, learn discipline specific norms and values and integrate to the culture 

of the specific academic field in which they aspire to become members (Weidman and Stein, 

2003). Weidman et al. (2001) based on the developmental nature of PhD students’ socialization 

proposed a four-stage process according to students’ investment and involvement levels at 
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different phases of the doctoral training; the anticipatory, the formal, the informal and the 

personal stage. The anticipatory stage starts when the prospective PhD students apply and 

prepare for the doctoral program, when they only have cognitive and often stereotypical 

expectations about their future role(s) and lasts until their enrolment. At the formal 

socialization stage, PhD students still have idealized expectations about their role(s) in the 

academy, yet they start apprehending the normative role expectations by observing and 

interacting with faculty and peers within the academic environment. During the informal stage, 

PhD students through their interaction with faculty and peers adapt to the acceptable behaviours 

and integrate to the academic community. Last, at the personal stage, students form their 

scholarly identity by internalizing their role as academics. Thus, PhD students’ socialization 

with peers and faculty within a specific institutional environment during doctoral training is 

essential for the realization of the expected outcome of this process which is knowledge 

acquisition and integration to the academic culture by assimilating the norms, values, and 

interests of the profession.  

As it is widely recognised, PhD students rely on social support for their well-being and 

personal development during graduate school but also for their professional advancement as 

they develop their scholarly identities in an effort to become members of the academic 

community (Mantai, 2019b). However, it is reasonable to expect that students’ socialization 

experience during graduate school might also result in them choosing a career path outside 

academia. Within the doctoral setting there are three types of interactions between PhD 

students and their environment: student-department/institution interaction, student-

supervisor/faculty interaction, and student-fellow students interaction, all of which are essential 

for students’ socialization into the profession (Alkathiri and Olson, 2019). The articles analysed 

in this section either focus on one of these types of interactions or examine the influence of a 

combination of them on PhD students’ career aspirations and can be found in Table 1.   
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PhD Student – Department/Institution Interactions 

 

The institutional and in turn the departmental climate, including faculty’s behaviours, 

plays an important role in the transmission of scholarly norms by facilitating interactions 

between PhD students and faculty (Weidman et al., 2001). Moreover, as empirically 

demonstrated by Hottenrott and Lawson (2017), in their study of science and engineering 

research groups in Germany, the socialization environment at PhD students’ home department 

greatly influences their research approaches and performance, ultimately affecting their later 

career paths. O'Meara et al. (2014) using both interview and survey data of STEM PhD students 

at two US universities examined how departments shape PhD students’ perceptions and 

supports them to act towards pursuing their goals (O’Meara, 2013). Participants reported that 

departments support them by encouraging both academic and non-academic careers through 

various ways such as by providing guidance, financial support, access to information and 

opportunities to experience different work environments as well as by facilitating networking 

(O'Meara et al., 2014). Hence, PhD students associated the use of the resources provided by 

the departments as proactive behaviour towards implementing their career plans (O'Meara et 

al., 2014). Although this study focused on departmental factors affecting PhD students’ 

proactiveness, further research should be conducted about the institutional factors constraining 

students’ actions towards their career advancement. For instance, limited funding opportunities 

for research, excessive teaching load resulting in overwhelmed PhD students with limited time 

to devote towards their career advancement and the lack of provided specialized courses 

constitute some of the main challenges students face during their doctoral training.  

Studies looking at the institutional level characteristics provide contradicting results. 

For instance, Huang and Shen (2019) surveying 1,409 PhD students from 46 Chinese 

universities found that institutional characteristics positively affects students’ academic 

orientation. On the other hand, Arimoto et al. (2019) surveying 591 PhD students in various 
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disciplines from Japanese universities to investigate the factors affecting students’ career plans 

found that institutional characteristics do not have a significant effect on their career 

aspirations, which are significantly shaped by the discipline, with science and engineering 

students being more prone to non-academic careers compared to humanities and social sciences 

students who opt for careers in academia. Along the same lines, Chen et al. (2019), surveying 

700 PhD students from Taiwanese universities, found that socialization experience expressed 

via satisfaction with institutional support and learning experience has no effect on students 

aspiring to pursue a career in academia yet positively affects the ones planning to work for the 

government or the private sector.    

The institutional along with the departmental culture are affecting the behaviours and 

attitudes of faculty and PhD students. Doctoral programs are typically geared to prepare PhD 

students for academic careers; however, the way students experience the training and the 

institutional or departmental efforts to prepare them for faculty careers may differ. For instance, 

the phenomenon of PhD students belonging to minorities experiencing the doctoral training 

differently from other students is not unknown. Robinson et al. (2016) investigated the effects 

of racial and gender bias on Black engineering PhD students’ and post docs’ career decision 

making at 12 US universities and found that their racial and gendered experiences have a 

significant negative effect on their career pathways often driving them to seek alternative career 

options outside academia. In this qualitative study participants, especially females, expressed 

their need for mentoring and reported lack of support and limited access to academic career 

opportunities while feeling the constant need to prove themselves to supervisors, faculty and 

peers (Robinson et al., 2016). Chemers et al. (2011) in their quantitative study of under-

represented minority students from SACNAS (Society for the Advancement of Chicanos and 

Native Americans in Science) examined how mentoring and science support activities affect 

students’ performance and commitment in science careers. They found that PhD students’ and 
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post-docs’ psychological processes such as science self-efficacy, scientist’s identity, and 

leadership and teamwork self-efficacy mediate the effect of research experience on their 

commitment to careers in science (Chemers et al., 2011). Apart from the data samples, which 

are comprised by minority groups without control groups, these two studies also treat both PhD 

students and post-docs similarly which constitutes another limitation for the generalizability of 

the results, since the experiences of these groups significantly differ, and post-docs have 

already shown their career preference.   

PhD Student – Supervisor(s)/Faculty Interactions 

 

A large literature stream has dealt with the dynamics and outcomes of PhD students’ 

relationships with their supervisors examining various aspects of this long-term interaction. To 

illustrate the breadth of this literature, researchers have investigated how this mentoring 

relationship affects PhD students’ graduate school experiences (Tenenbaum et al., 2001); 

whether supervisor’s prominence affects students’ early career publishing success (Hilmer and 

Hilmer, 2011); how shared social affinity (gender, nationality, etc.) with the supervisor affects 

students’ productivity and enhances the chances of finding an academic post after graduation 

(Gaule and Piacentini, 2018), etc. Regarding PhD students’ career aspirations, the common 

accepted and followed norm is for supervisors to support their academic employment at 

research universities (Gardner, 2010, Gardner, 2009a) which could lead in discouraging PhD 

students wishing to pursue alternative careers. Indeed, in the 2017 Nature’s survey of PhD 

students (N>5,700 students), although almost half of the respondents reported that supervisors 

are open to them pursuing a career outside academia only one-third of them recognised that 

supervisors provided useful advice towards careers in industry (Woolston, 2017). Moreover, 

findings of the same survey showed that only one-third of PhD students rely on supervisors’ 

guidance to choose their career path (Woolston, 2017). 
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In their qualitative study, Barthelemy et al. (2013) investigated the experiences and 

career plans of 8 PhD students and 5 post-docs in Physics Education Research (PER) at 3 US 

universities. Participants highly recognized the importance of establishing relationships with 

peers and supervisors of the PER community who provided valuable support to overcome the 

hostility towards PER researchers (Barthelemy et al., 2013). Although most participants 

declared their plans to pursue an academic career, the study does not link their post-graduate 

experiences with their career aspirations. Moreover, all participants were from well-established 

PER programs of research-intensive universities, which could be a threat to the generalizability 

of the findings for two reasons. Firstly, a comparison with PhD students’ experiences from 

newer PER programs at non-research-intensive universities should be made with caution, and 

secondly, PER is a relatively small and closed community, thus, PhD students’ socialization 

experiences in this field are not comparable with other well established and more populated 

fields. Remaining in the US university setting, Kim et al. (2018) using survey data of 316 PhD 

students from a US university found that students with authoritarian supervisors are less likely 

to pursue an academic career.  

The following two studies used Chinese universities as a setting to examine the factors 

affecting PhD students’ career plans. In the first, Gu et al. (2018) surveyed 1467 HASS 

(Humanities and Social Sciences) and STEM PhD students from 8 Chinese universities and 

found that most of them are consistent with their chosen career path within or outside academia 

from the beginning of the training. The supervisory relationship constitutes an important factor 

of their career choices with PhD students having good relationships with their supervisors being 

more prone to aspire an academic career while careers outside academia are discouraged (Gu 

et al., 2018). The positive effect of supervision on PhD students’ academic orientation is also 

corroborated by the results of the quantitative study of 1409 PhD students from 46 Chinese 

universities by Huang and Shen (2019). Contrary to these findings, the study of Arimoto et al. 
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(2019) of 591 PhD students from Japanese universities found no significant effect of 

supervisors’ characteristics on students’ career aspirations. However, comparison of these 

studies’ findings should be made with caution since there are cultural differences between the 

US, the Chinese and the Japanese university settings and how the hierarchy in the supervisor-

PhD student relationship shapes all aspects of their interaction.                                                                                                                                                                    

PhD Student - Fellow PhD Students Interactions  

 

An essential element of all the socialization process steps is the interaction with others, 

beginning with the focal individual observing how a specific group functions to the imitation 

of behaviours, the feedback and finally the adjustment to the new environment where the focal 

individual internalizes the norms and behaviours and acts accordingly (Bragg, 1976). Focusing 

on the academic setting, a large literature stream has investigated the mechanisms and the 

potential outcomes of these interactions in various stages of the academic ladder. For instance, 

Zimmerman (2003) examined how fellow college students’ performance affects the grades of 

the focal individual and Oettl (2012) examined the effect of scientists’ helpfulness on their co-

authors’ publication performance in terms of quality and quantity. Another widely studied 

outcome of socialization in academia, apart from performance, is academic entrepreneurship 

and engagement with industry. Various studies support that academics behaviour towards 

industry engagement is influenced by similarly ranked colleagues (Tartari et al., 2014) and this 

social influence may be exercised both from the local context (Bercovitz and Feldman, 2008) 

and the scientists’ personal professional networks (Aschhoff and Grimpe, 2014).   

In the doctoral setting, the most prominent interactions of PhD students are the ones 

with fellow PhD students since their socialization is promoted by colocation of offices and 

labs, joint classes, activities etc. (Baker and Lattuca, 2010, Sweitzer, 2009, Kabo et al., 2015). 

PhD students receive career and psychosocial support from fellow PhD students (Baker and 

Lattuca, 2010), who oftentimes complement supervisory support providing operational 
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guidance, encouragement, and empowerment (Mantai, 2019b). As the relationships among 

PhD students become stronger, students may seek and get access to fellow students’ resources 

and networks for their own career advancement (Clair et al., 2019). Considering that these 

relationships are in abundance in the doctoral setting and are free of hierarchical and power 

differences, PhD students compare themselves with fellow PhD students as part of their 

socialization into the profession and it turn these relationships may affect their behaviours and 

attitudes towards broader career directions (Clair et al., 2019) than following the academic path 

which is often favourably advocated by supervisors (Sauermann and Roach, 2012).  

In their qualitative study Thiry et al. (2015) interviewed 57 early and late-stage 

Chemistry PhD students from 3 US universities to investigate how their developmental 

networks, groups of people taking an active interest in an individual’s career and life progress 

(Dobrow et al., 2012), influence their awareness and attitudes about different career options. 

They found that PhD students most commonly seek and receive career information from fellow 

PhD students and especially the ones wishing to pursue a non-academic career instead of 

completely relying on their supervisors, they turn to their fellow PhD students and short term 

connections to receive advice and prepare for their future career (Thiry et al., 2015). Contrary 

to these findings, Kim et al. (2018), in their quantitative study used US data and found that 

PhD students’ career aspirations are not significantly affected by fellow PhD students. This 

finding is also supported by the findings of Huang and Shen (2019), who used Chinese data 

and showed that the interaction with fellow PhD students has no effect on focal student’s 

aspiration for an academic career.  

Frequent interaction with others and the reciprocity of these relationships constitute an 

important mechanism of transmitting attitudes and behaviours (Bragg, 1976). PhD students 

interact more frequently with fellow PhD students than with supervisors and faculty which may 

result in them being more prone to be influenced by fellow students than by supervisors in their 
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career decision making process (Weidman and Stein, 2003). Thus, future research should 

investigate further the effects of PhD students’ socialization with fellow PhD students on their 

career decisions.    

Section 2: Scholarly Identity Development  
  

Professional identity development is promoted by an individual’s successful integration 

into a specific group (Bragg, 1976). Identity construction depends on socialization experience 

variants, which in academic setting translates into engagement in academic formal and informal 

activities such as workshops/conferences, research, writing, teaching, etc. and faculty and peer 

interactions. During graduate school, PhD students who can be seen as prospective faculty 

observe behaviours, learn discipline specific skills and norms and interact with their 

environment (faculty, peers, family and friends) in an effort to make sense of a potential career 

in academia (Austin and McDaniels, 2006). Relationships with faculty and peers constitute a 

key component of doctoral education since PhD students are imitating behaviours, are seeking 

and receiving feedback from faculty and peers and potentially modify their own attitudes and 

perceptions aiming to become members of the academic community (Weidman et al., 2001). 

Thus, scholarly identity development involves all the stages PhD students go through to 

become legitimate and contributing members of the academic community such as 

comprehending scientific knowledge, feeling competent, being recognized by others and 

engaging into academic activities (Culpepper et al., 2020).  The articles analysed in this section 

can be found in Table 2.  

Scholarly Identity Development Process  

 

Mantai (2019b) used the occupational engagement conceptual model proposed by Hitch 

et al. (2014) to investigate the role of social support in PhD students’ scholarly identity 

development. The “being” and “doing” dimensions of the model refer to what individuals 
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experience and how they act respectively whereas “becoming” refers to how they are 

developing as researchers and “belonging” constitutes the ultimate goal of being included in 

the specific community (Hitch et al., 2014). The “being”, “doing”, “becoming” and 

“belonging” dimensions resemble the socialization process proposed by Bragg (1976) with the 

focal individual observing, learning, acting, imitating and getting feedback for acceptable 

behaviours of a specific group in the process of developing their professional identity. Mantai 

(2019b) qualitatively investigated the relationships between these dimensions for the socially 

co-constructed scholarly identities of 64 HASS and STEM PhD students from 2 Australian 

universities. She found that although social support by peers is usually considered as helpful 

and positive, it might have the opposite effect with peer interactions increasing negativity by 

being distracting or even disruptive (“being” - “doing”). However, she also found, as 

expected, that professional and psychosocial support through recognition by others and 

inclusion in the academic community enhances scholarly identity development.  

Sauermann and Roach (2012) using survey data of PhD students from US institutions 

found that PhD students’ career preferences adjust during the doctoral training with the 

attractiveness of academic careers being decreased over the course of the training due to 

supply-demand imbalances and lack of information about careers in academia. The following 

2 articles investigate how PhD students’ training experiences affect their career plans. 

McAlpine and Turner (2012) used qualitative data from PhD students and post-docs of 2 UK 

institutions to examine how their experiences alter their career plans. They found that early and 

mid- PhD students view the academic career prospect unachievable due to limited experience 

and lack of in-depth knowledge about the responsibilities an academic career involves. 

However, close to submission PhD students and early post-docs take informed decisions to 

follow an academic career. Hardré and Hackett (2015) in their quantitative study of 1704 MSc 

and PhD students from a single US university examined how students’ “satisfaction” aspect 
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affects scholarly identity development, with “satisfaction” referring to satisfaction with 

program experience, supervisors and committee, degree’s perceived value, professional 

development, and ultimately career preparation. As expected across groups, satisfaction was 

high at the beginning and towards the end of the study programs with a drop at mid-point, 

which may be caused by the introduction of new challenges which in turn leads to low 

participation in academic community and hinders scholarly identity development. The findings 

showed that building relationships with other members of the academic community facilitates’ 

students learning and immersion into the community supporting scholarly identity 

development. These studies support the findings of Sauermann and Roach (2012) by bringing 

to the forefront the fact that academic identity construction is facilitated over time by students’ 

past, present and future intentions combined with their increasing awareness of what academia 

really is.  

Weidman and Stein (2003) investigated the departmental factors that enable PhD 

students’ academic identity development surveying 40 PhD students from the sociology and 

the educational foundations programs of a US university. They found that the perceived 

departmental support significantly influences PhD students’ participation in academic 

activities (scholarly activities index) and departmental collegiality expressed via relationships 

with faculty and peers encourage them in engaging in scholarly identity development activities 

(Weidman and Stein, 2003). In their study, Bentley et al. (2019) used interview data from 22 

PhD students from an Australian university to examine how their professional identity 

development process is enabled or blocked by the identities of the individuals surrounding 

them in graduate school. Participants reported that their professional identity construction and 

in turn career success is influenced by the identities they have access to and incompatibilities 

with supervisors’ identity constitute a barrier of their own professional identity development 

(Bentley et al., 2019).  
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Developmental Networks’ Effects on Scholarly Identity Development   

 

The next set of articles uses the concept of developmental networks to examine the role 

of relationships during graduate school in PhD students’ professional identity development. 

Developmental networks are groups of people, identified by an individual, who provide career 

and psychosocial support taking an active interest in the individual’s career and life progress 

(Dobrow et al., 2012). In their conceptual paper, Baker and Lattuca (2010) combine the theory 

of developmental networks and the sociocultural perspectives of learning and propose a strong 

connection of learning and scholarly identity development in the case of PhD students  during 

graduate school. This conceptual work suggests that developmental networks offer PhD 

students information about accepted norms, behaviours, and roles of the academic setting 

which in turn they acquire and adjust expecting validation from the network as a self-

assessment in their effort to build their professional identity.  

Based on this conceptual study, Baker and Pifer (2011) and Baker and Pifer (2014) 

qualitatively examined how developmental networks affect PhD students’ professional identity 

development during stage-2 – period, after the comprehensive exams (Baker and Pifer, 2011), 

and stage-3 of the PhD training - period after dissertation proposal defence, including PhD 

thesis writing and submission and job search (Baker and Pifer, 2014). Baker and Pifer (2011) 

explored PhD students’ experiences, key relationships, types of received support and their role 

in identity development by interviewing 31 stage-2 PhD students from a US university. They 

found that interactions with developmental networks (supervisors, faculty, senior students, and 

peers) are of high importance for PhD students to become independent scholars. These 

networks provide advice and general support to students helping them overcome the isolation 

that characterizes stage-2 and gain access to key resources and information about careers in 

academia. In the subsequent qualitative study of 28 stage-3 PhD students, Baker and Pifer 

(2014) found that PhD students’ developmental networks composition differentiate depending 
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on students’ support needs according to their career aspirations. PhD thesis writing and 

submission and job search are the main milestones of stage-3, and all participants recognized 

the significance of established developmental networks outside academia for the latter. The 

study also showed that future faculty have a more challenging transition to their new roles 

compared to future administrators with them solely relying to academic developmental 

networks whereas future administrators receive less support, guidance and knowledge from 

these networks which increases the feeling of uncertainty about their future career path.  

Along the same lines, the importance of PhD students’ developmental networks for 

their career trajectories is also demonstrated in the longitudinal qualitative study of  McAlpine 

et al. (2014). The authors analysed the identity development trajectory narratives of 34 PhD 

students and post-docs from 2 UK and 2 Canadian universities over a period of 3 years and 

found that both groups rely not only to local networks for support, advice, guidance and access 

to resources but expand to national and international networks, establish new relationships 

recognizing their importance for job opportunities (McAlpine et al., 2014). The participants of 

this study also point out that relationships with senior colleagues and peers support them in 

overcoming isolation and the uncertainty feeling. Moreover, the recognition by these networks 

gives PhD students and post-docs a sense of progress which in combination with past 

experiences informs their decision to commit and invest in an academic career (McAlpine et 

al., 2014).  

Scholarly Identity Development for Underrepresented Minorities  

 

The following two qualitative articles investigate how the socialization experiences of 

PhD students belonging in minority groups enhance or hinder their scholarly identity building 

and in turn their preparation for a career in academia. The first study, used interview data from 

24 Chicano/Latino(a) PhD students from a US institution and found that  PhD students’ career 
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choices are significantly influenced by the reported institutionalized classism, racism and 

sexism (Ramirez, 2017). Participants reported unequal opportunities for professional 

development and lack of faculty support compared to their non-minority counterparts which in 

turn lead them to actively seek faculty and fellow PhD students that offered help with learning, 

research, publications and networking in conferences and workshops, to support their scholarly 

socialization (Ramirez, 2017). Park et al. (2018) investigated the professional identity 

development experiences of 27 East Asian PhD students in STEM fields from a US university. 

English language competence, past work and educational experience, acquired field specific 

knowledge and skills during the training and relationships with supervisors and peers constitute 

the key factors affecting East Asian PhD students’ professional identity development (Park et 

al., 2018). Participants of this study pointed out the importance of social relationships and that 

their professional identity development might be significantly hindered by mismatching 

interests between them and their supervisors.  

Teaching Identity Development  

 

Acquiring skills essential in professional practice is of great importance for PhD 

students’ process of internalizing their role as academics. The notion of scholarly identity 

development incorporates all aspects of academic life including but not limited to research, 

publications, participation in conferences and workshops, teaching, communication, and 

dissemination of scientific knowledge, etc. Although teaching is an essential factor of PhD 

students’ scholarly identity development, tensions between developing teaching identity and 

researcher’s identity are not uncommon in graduate school. Firstly, the researcher’s identity is 

more cultivated over the teaching identity in the doctoral setting which leads PhD students 

avoiding “coming out” as teachers (Brownell and Tanner, 2012). Second, there is the notion 

that professional science assigns teaching a lower status compared to research positions which 

is reflected in doctoral programs’ structures (Brownell and Tanner, 2012). Thus, PhD students, 
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who oftentimes start the PhD interested in teaching, are forced to choose between teaching and 

research with little to none teaching training, with the perception that to be recognized as 

scientists they shouldn’t spend time on developing their teaching skills (Lane et al., 2019, 

Brownell and Tanner, 2012). 

It is common for doctoral students to serve as teaching assistants (TAs) during graduate 

school. Sprague and Nyquist (1989) suggest three stages of TAs’ socialization to their teaching 

roles. At first TAs are “senior learners”, they do not have a large knowledge base neither are 

they mature enough to exert the authority needed in the class (Sprague and Nyquist, 1989). 

Then, TAs become “colleagues in training” with less stress, more difficulty in overcoming the 

subject’s jargon finding clear ways to disseminate knowledge and more concerned about 

applied pedagogical techniques (Sprague and Nyquist, 1989). After this stage, TAs become 

“junior colleagues”, being more confident and effective in teaching after developing their 

professional identity (Sprague and Nyquist, 1989). The socialization of TAs into their role is 

facilitated by a social support system, where peers and faculty act as a point of reference for 

them to learn about rules and available resources, observe behaviours, ask for guidance and 

feedback on how they are expected to act and how they are perceived, and share their concerns 

with ultimate goal to make sense of their TA experience (Austin and McDaniels, 2006). 

Mantai (2019a) investigated how PhD students’ academic identity development is 

influenced by their graduate school experiences analysing 15 interviews with PhD students 

from 2 Australian universities. Participants indicated that serving as TAs helps them build 

networks in academia, gain knowledge and valuable experiences and motivates them to 

envision their future career in academia actively engaging in actions for their professional 

identity development (Mantai, 2019a). Hopwood (2010) exploited participants of a UK cross 

institutional academic career mentoring program to investigate how PhD students are 

influenced by teaching, student journal editing and career mentoring experiences. The findings 
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of this qualitative study showed that PhD students engage in these activities to comprehend 

academic practices, upgrade their CV, overcome uncertainty and insecurity feelings 

(Hopwood, 2010). Moreover, participants of this study recognized the importance of formal 

and informal social interactions for the learning experience and their academic career identity 

development (Hopwood, 2010). Lane et al. (2019) interviewed 33 PhD students from a US 

university to examine how graduate school experiences influence their teaching identity 

development. The findings of this study show the tension between teaching and scientist’s 

identities with teaching perceived less valued leading PhD students to question their 

professional identity (Lane et al., 2019). However, participants recognise the prominent role of 

teaching opportunities and teaching development programs for learning, having new career 

options and most importantly networking with faculty and peers which they highly value in 

overcoming difficulties associated both with training as teachers and acting in an environment 

where teaching is devalued (Lane et al., 2019). 

PhD students’ scholarly identity development is a cumulative result of: a) the students’ 

formative social identities and educational experiences, b) the ongoing training within a certain 

institutional, departmental and field specific scientific community, and c) the social influence 

exerted by supervisors, faculty and peers, during graduate school, who act as role models for 

acceptable norms, values, behaviours and attitudes and also legitimize students’ scholarly 

identity (Ducheny et al., 1997, Culpepper et al., 2020, McAlpine et al., 2014, Baker and 

Lattuca, 2010). 

Section 3: Formal Efforts for Scholarly Identity Development  
 

The third section of this review includes studies examining institutional/departmental 

formal efforts for PhD students’ career development. These formal programs offer learning 

opportunities to PhD students such as method courses, publication writing, grant writing etc., 
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facilitate their acclimatization to discipline or institutional specific norms, values and culture 

and foster students’ networking in the respective academic communities. Attending 

supplementary trainings/workshops or internships is beneficial to PhD students to gain insights 

into academic careers and eventually clarify their career aspirations after graduate school. In 

contrast with the professional doctoral programs, where the objective is mainly a career outside 

academia (Banerjee and Morley, 2013), PhD programs mainly focus on nurturing future 

academics which is also apparent in the scope of the majority of the formal career development 

programs examined in the articles comprising this section (Table 3). The aim of most of the 

studies analysed here is the assessment of the programs by understanding PhD students’ 

experiences, needs and perceptions related to their professional development. According to 

Nature’s 2017 survey to PhD students, one fifth of the respondents (n=5,700) listed career 

training/seminars as a contributing factor to their career decision making process. Thus, it is 

important to gain a deeper insight of PhD students’ perceptions of the programs preparing them 

for their future careers. 

PhD students self-select into career development programs which is a common 

limitation of the studies evaluating these programs and how they affect students’ professional 

advancement and career outcomes such as choices and later performance. Alkathiri and Olson 

(2019) in their qualitative examination of 11 Education PhD students’ experiences and 

reasoning for participating in the preparatory course “The Professoriate” given at a US 

university, found that PhD students enrolled in this course to compensate for the lack of formal 

and informal preparation for a career in academia. Participants reported receiving mentoring, 

socializing and networking while gaining a deeper understanding of the professoriate which 

ultimately shaped their career plans (Alkathiri and Olson, 2019). Along the same lines, 

interviews with 21 alumni from a US university of the “Students Pursuing Faculty Career” 

program showed that PhD students demonstrated autonomy and competence by participating 



38 
 

in this program despite the often non-supportive departmental environment, peers and faculty 

(Strong and Sekayi, 2018). 

Social capital plays an important role in PhD students’ navigation through different 

programs and choices between different types of career development resources. Clair et al. 

(2019) surveyed 1215 STEM PhD (n=843) and postdoctoral researchers (n=353) from 3 US 

universities to investigate how peer and faculty related social capital affected their choice to 

participate either in the “Broadening Experiences in Scientific Training” (BEST) program, 

which aims to prepare researchers for biomedically related careers both inside and outside 

academia or in other stand-alone career development courses and events. They found that social 

capital is significantly influencing researchers’ preferences for career development resources, 

with researchers with low levels of departmental, supervisory and peer support being the ones 

less likely to participate in any formal career development event. Moreover, researchers with 

high levels of supervisory support are less likely to seek other standalone career development 

resources in contrast with researchers reporting low levels of supervisory support. These 

findings highlight the importance of supportive relationships for PhD students’ and post-docs’ 

experiences which shape how they choose career development resources besides the 

thoroughly investigated significance of supportive relationships in students’ training 

experience and satisfaction (Sverdlik et al., 2018).  

PhD students’ experiences constitute a common component of the studies evaluating 

formal programs for their career development. Professional development activities also 

facilitate networking and a sense of community among PhD  students which are crucial for 

their professional identity development (Golde, 2000). The importance of networking is also 

supported by Rizzolo et al. (2016) in their mixed methods study of graduate students’ 

perceptions of the “Graduate School Professional Development Program” which offers various 

opportunities for academic career preparation. Using survey (n=749) and focus group (n=4, 
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participants=26) data of graduate students from various disciplines at a US university, the 

authors showed that students appreciated the networking opportunities offered at these career 

preparatory activities which were perceived to promote job readiness (Rizzolo et al., 2016). 

Moreover, peers and faculty besides affecting graduate students’ experiences also affect their 

participation in the programs (Rizzolo et al., 2016). The findings of this study are in agreement 

with the findings of Clair et al. (2019), in spite of participation barriers reported such as 

accessibility, work-life balance, location and accessibility (Rizzolo et al., 2016). However, 

comparison of the studies’ findings should be made with caution since the data samples differ 

with Rizzolo et al. (2016) investigating the experiences of MSc and PhD graduate students and 

Clair et al. (2019) using PhD students and post-doctoral researchers data.  

The benefits of the PhD students’ integration in scholarly networks may also be 

extended beyond disciplinary limits. This is the case with the “National Research Traineeship” 

(NRT) Program implemented at the University of Maryland for the support of language 

sciences PhD students’ interdisciplinary identity development. In this study, Culpepper et al. 

(2020) examined the factors shaping PhD students’ interdisciplinary identity, using mainly 

interview data from 23 PhD students from the Language Centre  (Linguistics, Computer 

Sciences, Neuroscience, etc.) of a US university, and found that the NRT activities apart from 

connecting PhD students with faculty and peers from different disciplinary backgrounds, which 

facilitated  their understanding and learning about other disciplines, enabled the cultivation of 

interdisciplinary research projects. 

The programs discussed so far are addressed to all PhD students at the respective 

universities, however, some universities establish career preparation programs and events for 

specific groups of PhD students. An illustrative example is the Texas A&M System Alliance 

for Graduate Education and the Professoriate (TAMUS-AGEP) program, which aims to 

increase the number of Underrepresented Minorities faculty in STEM fields. PhD students 
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reported that the networking facilitated by their participation in this program  provided them 

the opportunity to identify with similar others going through the same experiences who 

provided personal and professional support (Moreira et al., 2019).  Moreover, PhD students 

participating in the programs’ activities gained a deeper understanding of their academic career 

options and developed their professional self which ultimately lead to increased confidence 

about their future in academia (Moreira et al., 2019). Another example of a program addressed 

to a specific group of PhD students is the “International Doctoral Students Support Group” 

(IDSSG), designed to prepare international students for a career in academia. Ku et al. (2008) 

used both quantitative and qualitative data from 12 international PhD students and found that 

participation in the IDSSG supported PhD students’ adaptation not only to the new academic 

environment but also to the new culture by facilitating the establishment of friendships apart 

from providing advice and guidance about conducting research and teaching to prepare them 

for their future academic career. The main limitation of both studies examining programs 

addressed to specific groups is that the sample comprised of program participants only and did 

not examine the experience of PhD students that did not opt for these programs.  

As discussed in the previous section, teaching identity constitutes an essential aspect of 

PhD students’ scholarly identity. Therefore, some universities establish programs to promote 

PhD students’ teaching identity development which apart from guidance provide students 

hands-on experience as well via teaching assistantships. PhD students often serve as teaching 

assistants (TAs) during their doctoral training in universities around the world either as part of 

their scholarships or as part-time jobs during the training. Towards this direction the College 

of Engineering of a US university established the “Dean’s Teaching Fellow” (DTF) program 

which provides courses, socialization activities and mentored classroom training. Assessing 

the DTF program, PhD students reported that their participation facilitated interactions with 
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fellow PhD students and faculty, who provided advice, feedback, experience exchange and 

ultimately promoted their integration in the scholarly community (Crede et al., 2010).  

The findings of the articles comprising this section show that formal professional 

development activities (programs, events, etc.) indeed support PhD students’ career 

development not only by facilitating learning and offering a better understanding of career 

options in academia but also by enabling students’ integration in the scholarly community with 

all the studies highlighting the importance of networking for PhD students. Nevertheless, it is 

important to recognize the limitation of PhD students self-selecting into programs that could 

potentially support them in their professional development towards the direction of their career 

aspirations, either for job posts outside academia (Clair et al., 2019) or for academic posts 

(Strong and Sekayi, 2018, Alkathiri and Olson, 2019). Although this limitation is 

understandable as the scope of these studies was mainly the assessment of the formal programs, 

the issue of self-selection could be solved by incorporating non-participants control groups, 

however, most of the studies reviewed here did not examine non-participants’ career 

development experiences (Culpepper et al., 2020, Moreira et al., 2019, Ku et al., 2008, Crede 

et al., 2010, Strong and Sekayi, 2018, Alkathiri and Olson, 2019) which could enrich the 

findings and their generalizability. 

Conclusion, Limitations and Future Directions 
 

PhD students’ socialization during graduate school constitutes one of the main 

contributing factors affecting the overall doctoral experience across educational institutions 

and disciplines (Sverdlik et al., 2018). The primary aim of the training is to prepare PhD 

students for a career in academia, yet it must be acknowledged that during the training students 

gain knowledge and develop competencies that prepares them for a wide range of careers both 

inside and outside academia. A successful professional socialization is achieved when the 
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individual being socialized internalizes the norms, values, and behaviours of a specific group, 

ultimately leading to professional identity development (Bragg, 1976). PhD students’ 

socialization during graduate school is a complex, dynamic, multifaceted and interactive 

process where their career aspirations, commitment to career plans and professional identity 

development are constantly evolving (Weidman et al., 2001).  

Although the factors shaping PhD students’ graduate school experiences have been 

widely examined from various viewpoints in higher education research, there is still much to 

explore about the effects of PhD students’ socialization experience on their subsequent career 

choices and paths. The aim of the present review was to congregate the studies focusing on 

how graduate school socialization experiences shape PhD students’ career aspirations and 

choices. The review analysis was structured in three sections: 1) Socialization factors shaping 

PhD students’ career aspirations; 2) Scholarly identity development; and 3) Formal efforts for 

scholarly identity development. Despite this categorization, the revealed socialization factors 

and respective effects on PhD students’ career aspirations and choices are largely intertwined 

no-matter the studies’ theoretical angle and empirical approach. As expected, PhD students’ 

career aspirations and professional identity development are largely shaped by their formal and 

informal socialization experiences with their supervisors and fellow PhD students within a 

specific institutional environment (department).  

The review revealed only a handful of studies exploring how career aspirations are 

shaped by PhD students’ socialization experience during graduate school. The findings suggest 

that departments provide guidance, financial support, access to information, and networking 

opportunities to shape students’ career aspirations. Supervisors support academic employment 

and influence PhD students towards this career direction (Sauermann and Roach, 2012), 

although authoritarian supervisors might drive them away from aspiring an academic career. 

Peer relationships are in abundance in the doctoral setting and indeed PhD students turn to their 
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fellows to seek and receive career information often to complement supervisory support.  

However, despite the encouragement and mutual empowerment involved in peer relationships, 

the influence exerted in these relationships on PhD students’ career aspirations has not been 

systematically studied, as these interactions are viewed as informal and not fully “recognized” 

in the PhD practice (Mantai, 2019b). Peer relationships in the doctoral setting are essential 

components of behavioural modelling, learning and role enactment, thus, future research 

should empirically investigate whether and how peer relationships shape PhD students’ career 

choices.  

PhD students’ scholarly identity development is promoted by their successful 

integration into a discipline specific academic group and depends on their socialization 

experiences during graduate school. During the training, PhD students gain knowledge, imitate 

behaviours of faculty and peers, seek and receive feedback from them, and modify their 

perceptions and attitudes to fit in the academic setting. Participation in scholarly activities and 

immersion in the academic community by building relationships with faculty and peers enable 

their scholarly identity development. Although these relationships have been recognized as of 

high importance for students to become independent scholars (Baker and Pifer, 2011), peer 

relationships might increase negativity by being distracting and disruptive (Mantai, 2019b) and 

incompatibilities between PhD students’ and supervisors’ identities might also hinder the 

identity development process (Bentley et al., 2019). A few studies of the present review have 

examined the teaching identity development process which is oftentimes neglected during the 

doctoral training albeit constituting an essential element of the scholarly identity. Teaching 

assistantships enable PhD students to build academic networks, gain knowledge and experience 

and comprehend practices while motivating them to envision and pursue an academic career 

(Mantai, 2019a). Recognizing the tension between teaching and scientist’s identity 
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development process and needs, with teaching being perceived less valued, future research 

should examine the causes, effects and corrective actions towards this direction.  

Universities and departments often run career preparation official programs or 

standalone trainings to promote PhD students’ integration in the scholarly community by 

providing a taste of what academia is really like, thus, fostering their scholarly identity 

development. PhD students enroll in these programs to gain a deeper understanding of the 

professoriate, increase their confidence about academic practices and immerse in scholarly 

networks.  Moreover, they sometimes opt in to compensate for lack of formal and informal 

career preparation by their doctoral environment with PhD students receiving high levels of 

supervisory support being less likely to participate in preparatory programs/courses. 

 It is important to note a few limitations of the studies assessing these formal programs 

analyzed in the 3rd section of this review that can be addressed in future research. First, PhD 

students self-select into these programs which limits the generalizability of the findings and 

can be addressed in future research by also examining the experiences of non-participating PhD 

students. Second, although the official programs examined in the studies promote PhD 

students’ scholarly identity development, the relationship between participation and career 

choices is not examined, thus, future research should also investigate the impact of these 

programs on students’ career outcomes in terms of job posts and performance. Last, it should 

be noted that all the studies reviewed in this section, assessing the formal efforts of institutions 

for PhD students’ scholarly identity development, were based on the US setting, hence, a 

comparison between programs between different universities within the US or even among 

different countries would provide valuable insights for the effectiveness of the programs. 

Considering that PhD students’ career preparation constitutes an integral component of 

universities’ strategy, additional research on similar formal efforts could provide universities 

with a deeper understanding of students’ experiences, perceptions and needs allowing 
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universities to address them accordingly providing PhD students with the necessary 

professional development support for diverse career pathways.  

Although racial and gender related inequities in PhD students’ experiences during 

graduate school have been empirically demonstrated to affect PhD students’ socialization into 

the professoriate (Stockard et al., 2021, Fisher et al., 2019), only two studies of the present 

review examine how the socialization experiences of PhD students from underrepresented 

minorities affect their career decision making process and scholarly identity development. The 

fact that PhD students’ career choices are informed by classism, racism and sexisms and their 

constant need for targeted mentoring due to limited access to career development opportunities 

and lack of official support calls for further empirical research with policy changes suggestions.  

Regarding the empirics of the articles analyzed in the present review, the following 

limitations should be considered in future research. First, some data samples of the reviewed 

studies apart from PhD students also included MSc students (Rizzolo et al., 2016) or part-time 

PhD students (Clair et al., 2019) which might prove problematic in the interpretation of the 

results since graduate school experiences and career aspirations of full-time PhD students, part-

time PhD students and MSc students might significantly differ and cannot be treated similarly. 

Second, considering that discipline specific characteristics might affect PhD students’ 

socialization experiences and academic networks’ development, comparison between 

disciplines should be made in future studies. Third, conditioning factors such as the rankings 

of the doctoral colleges, the quality and the orientation of the universities (teaching, research), 

the situation of the labour market at the PhD graduation period are also contributing to shaping 

PhD students’ career choices. Last, although the importance of the departments, supervisors, 

peers and academic networks in shaping PhD students’ perceptions, career aspirations and 

professional identity development is highlighted in the articles reviewed, future research should 
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empirically link these socialization factors, formal and informal professional development 

activities, to career outcomes.  

PhD students’ socialization is a complex, non-linear, dynamic process shaped by a wide 

range of experiences, with some of those being similar for all PhD students and some affecting 

them individually, some constituting formal components of the graduate program and some 

being informal, some being random and some being deliberate (Austin and McDaniels, 2006). 

An in-depth examination of the key concepts and the cross-cutting effects of the socialization 

variables on PhD students’ career choices is essential for both policy makers and institutions 

(graduates deans, doctoral supervisors, faculty, etc.) to ensure that doctoral training is an 

effective period of professional socialization either this translates to a career in academia or a 

career in industry.   
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Literature Review Papers Tables 
 

Table 1: Articles analysed in Section 1 - Socialization Factors Shaping PhD Students’ Career Aspirations 

Career Aspirations 

Article  Research Questions  Data Methods Dependent variables  Findings 

 

Arimoto et 

al. (2019) 

 

(1) What are Japanese PhD students’ 

career plans after graduation? 

(2) Which factors affect their career 

plans? 

(3) How do they perceive their 

research productivity?  

(4) Which factors affect their 

research productivity? 

 

 

National survey to PhD 

students (n=591) in 

Humanities, Social Sciences, 

Natural Sciences, 

Engineering, Medical 

Sciences at Japanese 

universities.  

 

 

Regression  

 

Career aspirations (work 

inside or outside academia). 

 

University and supervisors’ characteristics do not have a 

significant effect on students’ career aspirations. 

Discipline and students’ motivation are significantly 

affecting their career plans, especially of those aspiring a 

career outside academia with science and engineering 

students being more prone to careers outside academia 

compared to students in humanities and social sciences.  

Barthelemy 

et al. 

(2013) 

 

(1) When and how did PhD students 

and post-docs discover Physics 

Education Research (PER)? 

(2) When and why did these students 

choose to do work in PER? 

(3) What were their experiences 

within PER?  

(4) What are their career goals? 

Interviews with 8 PhD 

students and 5 post-docs (5 

men, 8 women) in Physics 

Education Research at 3 US 

universities.  

Qualitative Reasons of choosing PER, 

course work experiences, peer 

interactions, choice of 

supervisor, accomplishments. 

Participants discovered PER through formal and informal 

pathways and chose this field because they wanted to make 

an impact or help others, enjoyed teaching or educational 

research. Experience wise the sense of community was the 

emergent theme with participants establishing 

relationships with peers and supervisors who in turn 

provided support to overcome issues arising from hostility 

towards PhDs and post-docs in PER. Most of the 

participants (n=9) expressed their intention to pursue an 

academic career at either a research intensive or a teaching 

oriented university.    

                                                                                                                                                                                                                                         

Chemers et 

al. (2011) 

  

How mentoring and science support 

activities affect students’ 

commitment and performance in 

science education contexts?  

Survey to SACNAS 

(Society for the 

Advancement of Chicanos 

and Native 

Americans in Science) 

members, 327 

undergraduates/recent 

SEM Commitment to a science 

career. Mediating role of 

psychological processes 

(science self-efficacy, 

leadership and teamwork self-

efficacy (LTSE), identity as a 

scientist) 

The effects of support components on PhDs’ and post-

docs’ commitment in science careers are fully mediated by 

psychological factors. Science self-efficacy mediates the 

effects of basic and advanced research experiences and 

instrumental mentoring on commitment to science career. 

The effects of advanced research experience and 

socioemotional mentoring to commitment is mediated by 

the identity as a scientist and the LTSE mediates the 



48 
 

graduates and 338 PhDs and 

post-docs. 

  

 

influence of basic and advanced research experience, 

socioemotional mentoring and involvement with the 

community on commitment to science career.  

 

Chen et al. 

(2019) 

(1) How socialization affects PhD 

students’ career choices? 

(2) Which factors affect PhD 

students’ perspectives on future 

career market? 

Survey to 700 PhD students 

in both STEM and non-

STEM disciplines at 

Taiwanese universities. 

Regression Career plans: academia, 

government, private sector, 

Confidence about future 

employment: perspectives 

about job market (continuous 

variable) 

Socialization experience and more specifically satisfaction 

with institutional support, interaction with peers and 

learning experiences, positively affect PhD students 

planning to work in governmental positions or the private 

sector. However, socialization experiences  appear to have 

no effect on PhD students aspiring an academic career.  

 

Gu et al. 

(2018) 

(1) Which are the employment/ 

career expectations of Chinese PhD 

students? 

(2) What are the changes in PhD 

students’ career expectations during 

their studies? 

(3) How doctoral training affects 

PhD students’ career expectations 

and the development of their career 

expectations? 

Survey to 1467 PhD 

students in HASS and 

STEM at 8 Chinese 

universities. 

 

 

Regression Professional expectations 

(academic/non-academic),  

Change of career expectations 

during doctoral studies until 

the survey, Types of career 

expectations changes. 

 

At the start of doctoral training, PhD Students are often 

clear about the career track they want to follow and most 

of them are consistent with this choice (academic/non-

academic profession) over time. Discipline, relationships 

with supervisors, collaborations with non-academic 

organizations and career guidance during doctoral training 

are informing the changes of students’ career aspirations. 

Students having good relationships with supervisors are 

being more prone to aspire an academic career and non-

academic professions are generally discouraged by the 

institutions’ environment.  

 

Huang and 

Shen 

(2019) 

 

(1) How do PhD students’ career 

plans differ by demographics, 

discipline and institutional prestige? 

(2) Which factors affect their career 

aspirations, especially their 

expectation of working in academia? 

Survey to 1,409 PhD 

students at 46 Chinese 

universities. 

Regression (1) Academic orientation 

score (continuous variable), 

(2) Plan to work in academia 

(dummy variable). 

 

(1) Supervision and institutional support positively affect 

students’ academic orientation; curriculum experience has 

a negative effect and peer interactions do not appear to 

affect PhD students’ academic orientation. 

(2) PhD students’ gender and their parents’ educational 

background affect their choice to pursue an academic 

career; supervision also positively affects this choice, but 

peer interactions and curriculum experience do not affect 

their choice to work in academia.  

  

Kim et al. 

(2018) 

 

How do academic competency, 

career interests, relationships with 

faculty and peers, and graduate 

programs’ organizational culture 

Survey to 316 PhD students 

at a US university. 

Regression  Career aspirations (work 

inside or outside academia). 

Peer interactions are not significantly affecting PhD 

students’ career aspirations and the ones with authoritarian 

supervisors are less likely to pursue a career in academia. 
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inform PhD students’ intent to purse 

an academic career? 

 

 

O'Meara et 

al. (2014) 

(1) To what extent do STEM PhD 

students are proactive towards their 

career advancement?   

(2) How do departments enhance 

doctoral students’ proactive 

behaviour towards their career 

advancement? 

 

60 interviews and survey to 

STEM PhD students 

(n=884) at 2 US universities. 

 

Mixed 

methods 

Students’ actions towards 

career advancement and use of 

departmental/institutional 

resources.  

Departments shape doctoral students’ perceptions and 

support their career aspirations by legitimizing and 

encouraging career paths both inside and outside 

academia, providing opportunities for gaining experience 

in different work environments, financial support and 

access to information, enabling and facilitating networking 

and offering guidance and mentoring. Students associated 

the use of offered resources, provided by their 

departments, as proactive behaviour towards the 

achievement of their career goals.  

 

Robinson 

et al. 

(2016) 

(1) What are the critical factors in the 

career decision-making of Black 

engineering PhD students and post 

docs? 

(2)  What effects, if any, do racial 

micro-aggressions and other forms of 

racial and gender bias have on the 

career decision-making process of 

Black engineering PhD students and 

post-docs?  

Interviews with 70 (men=38, 

women=32) Black 

engineering PhD students 

and post-docs in 

Engineering at 12 US 

universities. 

 

Qualitative Experiences affecting career 

decision making.  

Black engineering PhD students’ and post-docs’ racial and 

gendered experiences have a significant negative effect on 

their career aspirations which often change from an 

academic career to other options. Most participants, 

especially females, reported lack of support, guidance and 

access to academic career opportunities and a constant 

need to prove themselves to supervisors, faculty, peers and 

even mentors. PhD students and post-docs desiring to 

remain in academia expressed the need of support to 

overcome universities’ and research communities’ racial 

and gendered norms through mentoring programs.  

 

Thiry et al. 

(2015) 

How PhD students’ developmental 

networks affect their knowledge and 

perceptions about career options? 

 

Interviews with 57 

Chemistry early-stage (25) 

and late-stage (32) PhD 

students at 3 US 

universities. 

Qualitative (1) PhD students’ preparation 

and professional learning,  

(2) Career decision-making 

processes (awareness of career 

options, career paths’ sources 

of learning, role of 

developmental networks). 

(1) Peer networks appear to be the most common source of 

career information for PhD students. 

(2) PhD students, especially the ones aspiring a non-

academic career, turn to peers or other short-term 

connections to learn and prepare for their careers rather 

than relying solely on their supervisors.  
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Table 2: Articles analysed in Section 2 – Scholarly Identity Development  

Scholarly Identity Development 

Article  Research Questions  Data Methods Dependent variables  Findings 

Baker 

and 

Lattuca 

(2010) 

How do PhD students’ developmental 

networks affect their graduate 

experience and their scholarly identity 

development? 

Combination of 

developmental networks 

theory and sociocultural 

perspectives of learning.  

Conceptual  The authors suggest that there is a strong connection of 

academic learning and scholarly identity development. 

Doctoral students’ developmental networks, both personal 

and professional, provide information about roles and 

norms of the academic community. PhD students’ self-

assessment against these norms depends on the validation 

they get from network members. Thus, PhD students’ 

identity development process is hindered when networks do 

not provide validation or information about expected roles. 

 

Baker 

and Pifer 

(2011) 

 

How key relationships influence PhD 

students’ professional identity 

development process at Stage 2 of 

their training? ( Stage 2after 

comprehensive exams) 

Interviews with 31 Stage 2 

PhD students (Business and 

Higher Education 

Programs) at a US 

university. 

Qualitative Key experiences, Challenges, 

Goals, Key relationships, 

Types of support, Identity 

(personal and professional). 

Relationships and interactions constitute key resources for 

PhDs students’ transition from dependence to 

independence and their identity development as students 

and as scholars by providing general support and advice. 

Relationships with supervisors, other faculty, advanced 

students, and peers help PhD students to overcome 

challenges caused by the lack of program structure and the 

isolation of Stage 2, gain access to resources, opportunities 

and experiences associated with academic careers.  

 

Baker 

and Pifer 

(2014) 

(1) What program structures or 

milestones trigger identity 

development during Stage 3 of PhD 

training, and how?,  

(2) How PhD students perceive and 

manage the challenges of Stage 3 of 

doctoral education? (Stage 3 starts 

after the thesis proposal defence and 

includes the thesis submission and the 

job search) 

Interviews with 28 (17 men, 

14 women) Stage 3 PhD 

students (Business n=18, 

Higher Education n=13) 

from a US university.   

 

 

Qualitative Key experiences, Challenges, 

Goals, Key relationships, 

Types of support, Identity 

(personal and professional). 

The thesis and the job search constitute the main milestones 

of Stage 3 of the PhD training. PhD students, depending on 

their career aspirations (academic vs non-academic) and 

professional identities have different needs for 

independence and support. However, future administrators 

experience a smoother transition to their new roles than 

future faculty. All participants recognise the importance of 

their developmental networks outside academia as an 

important factor for job search. Future faculty heavily relies 

on developmental networks for advice whereas future 

administrators have a different experience with less 

support, guidance, relationships and knowledge of 

practices which results in greater uncertainty about their 

future employment.  
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Bentley 

et al. 

(2019) 

How professional identity can be 

constructed or obstructed? 

Interviews with 22 PhD 

students (2 men, 20 

women) at an Australian 

university.   

Qualitative PhD students’ perspectives of 

own identity within the PhD 

context (typical or not), 

Compatibility with other 

identities, Supervisor’s 

identity. 

The identities students have access to, influence their own 

identity construction and career success unless the 

accessible identities are incompatible with those held by 

well-known and respected members of the academic 

community. According to participants, supervisors 

represent the academic profession if they have certain skills 

and behaviours and/or provide support and guidance and/or 

possess characteristics of their desirable future self. Thus, 

incompatibilities between the students’ and the 

supervisors’ identities could act as barriers in students’ 

identity development.  

 

Hardré 

and 

Hackett 

(2015) 

MSc and PhD students’ perceptions 

of their graduate experiences.    

Survey to 1704 students 

(MScs=1433, PhDs=218) at 

a US university. 

 

Quantitative Reasons pursing the degree, 

Satisfaction with experience/ 

program/ supervisor/ faculty, 

Self-efficacy for program and 

profession, Perceived degree 

value, Satisfaction with career 

preparation.  

Satisfaction patterns across groups are high at the 

beginning of the degree, drop at mid-point and increase 

towards the end. The mid-point decrease may be caused by 

new challenges students face resulting in self-doubt. Both 

MSc and PhD students reported low levels of participation 

in the academic community which hinders their identity 

development process. Establishing relationships with the 

community enables students’ competency development, 

learning about academic norms and practices and nurturing 

of self-perception regarding their membership in this 

profession, ultimately leading to professional identity 

development. Last, PhD students reported stronger identity 

development than MSc students.  

 

Hopwood 

(2010) 

How and what do PhD students learn 

through teaching, student journal 

editing and academic career 

mentoring?   

22 interviews and 3 focus 

groups with 33 (21 female, 

12 male) PhD students from 

15 disciplines at 7 UK 

universities.   

Qualitative Experiences of teaching, 

Student journal 

Editing, Career mentoring. 

PhD students engaged in these activities mainly to build 

their CV and academic career capital. The feeling of 

insecurity and how they were perceived by others appeared 

to be the major challenges. They gained deep understanding 

of academic practices and they attribute learning to the 

experience itself along with formal and informal 

discussions and social interactions. Learning is a social 

process mediated by social interactions and students’ 

responses to challenges.   
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Lane et 

al. (2019) 

 

 

How doctoral training influences PhD 

students’ teaching identity? 

Interviews with 33 PhD 

students in Life Sciences at 

a US university. 

Qualitative  Students’ experiences and 

perceptions about teaching 

identity development and 

career plans. 

Teaching is perceived less valued than research which 

results in students questioning their identities as scientists. 

Teaching opportunities in graduate school, as well as 

teaching professional development programs, introduce 

PhD students to other viable career options, help them gain 

knowledge and interact with like mined faculty and peers. 

Faculty mentors and peers support PhD students’ identity 

development as teachers by providing recognition and 

supporting them overcome the challenges of being 

embedded in an environment that devalues teaching. 

 

Mantai 

(2019a) 

 

How PhD students view, develop and 

articulate their professional identities 

during doctoral training? 

Interviews with 15 PhD 

students in Humanities and 

Sciences at 2 Australian 

universities.  

Qualitative Experiences of academic 

identity development 

(narratives). 

Alongside doctoral research, teaching assistantships (TAs) 

help PhD students gain academic work experiences 

facilitating their development as researchers, and in turn 

helps them envision their future academic selves. Teaching 

practice adds immediate and perceived value to PhD 

students while providing experience, extends academic 

networks and relationships and builds their professional 

identity. Learning opportunities, academic and general 

professional experiences motivate students to actively 

engage in actions for their developmental journeys towards 

the professoriate.  

 

Mantai 

(2019b) 

What role does social support play in 

PhD students’ development as 

researchers, and specifically 

regarding being, doing, belonging, 

and becoming? 

Focus groups and 

interviews (n=30) with 64 

PhD students (HASS and 

STEM) at 2 Australian 

universities. 

Qualitative  Experiences and support need 

for scholarly identity 

development. 

Social support is typically associated with positive and 

helpful experiences, however, sometimes can be perceived 

as distracting and disruptive and peer groups can alleviate 

or increase negativity (doing-being). Social support, ranges 

from technical to emotional and promotes scholarly identity 

development through the recognition by and the inclusion 

in the community (belonging-becoming). 

 

McAlpine 

and 

Turner 

(2012) 

How did social science PhD students 

and research staff in two UK 

universities imagined their futures in 

and out of academia?   

Interviews with 7 PhD 

students and 7 researchers 

(4 men,10 women) in 

Social Sciences at 2 UK 

universities. (add. 

biographic and 

demographic 

Qualitative  Experiences and career plans Participants’ career choices were highly informed by 

academic as well as personal considerations. Early and 

mid-PhD students, due to lack of knowledge of academic 

possibilities and limited experiences, imagined posts 

relatively unachievable. PhD students close to submission 

and early post-docs were actively seeking for academic 

appointments and had specific expectations regarding the 
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questionnaires at the 

beginning and the end of 

the study, weekly activity 

logs). 

imagined job characteristics. Increasing work experience 

results in greater awareness of the constraints in academia. 

Moreover, identity-trajectory is explained by linking 

individuals’ past, present and future intentions.  

 

McAlpine 

et al. 

(2014) 

How early career academics learn 

through experience 

and navigate their journeys? 

Interviews with 34 PhD 

students and post-docs 

(annually for 3 years) in 

Social Sciences and 

Sciences at 2 UK and 2 

Canadian universities. (add. 

graphic questionnaires at 

the beginning, logs of 

weekly activities 4-5 times 

a year and pre-interview 

questionnaires).  

Qualitative Identity trajectory narratives.  PhD students and post-docs rely to local, national, 

international, and inter-personal networks for support, 

recognizing their importance for their future career 

trajectories. Peers and more senior colleagues provide 

emotional and instrumental support, advice, and access to 

resources such as new relationships and job opportunities. 

These established relationships help PhD students and post-

docs overcome the feeling of uncertainty and gain a sense 

of progress. Past experiences, expectations, life goals and 

personal relationships also inform PhD students and post-

docs’ commitment and investment in academic work.  

 

 

Park et al. 

(2018) 

Which are the key influencers of 

STEM PhD students’ professional 

identity? 

 

Interviews with 27 East 

Asian STEM PhD students 

at a US university (add. 

observations of formal and 

informal activities. 

Qualitative Experiences for professional 

identity development. 

Professional identity development is affected by: (a) 

English language proficiency, (b) previous education and 

work experience, (c) disciplinary skills and knowledge 

acquisition, and (d) relationships with supervisors and 

peers. Social relationships with peers and supervisors are 

key to success and identity development for most PhD 

students with the process being hindered when supervisor’s 

and own interests do not match.  

 

Ramirez 

(2017) 

 

(1) How do Chicano/Latino(a) PhD 

students feel about the quality of their 

doctoral training (preparation for 

scholarly roles)?, 

(2) How do race, class, and gender 

inequities shape Chicano/Latino(a) 

PhD students’ scholarly socialization 

experiences?,  

(3) How does disciplinary context 

mediate Chicano/Latino(a) PhD 

Interviews with 24 (12 men, 

12 women) 

Chicano/Latino(a) PhD 

students (Social sciences, 

Humanities, Education and 

Sciences) at a US 

institution.  

 

Qualitative Scholarly socialization and 

career preparation process. 

Chicano/Latino(a) doctoral socialization and career 

preparation experiences were significantly affected by 

institutionalized racism, sexism and classism, which also 

shaped their subsequent career choices. PhD students 

identified unequal access to professional development 

opportunities and faculty support as the most salient 

challenges of their doctoral study. Thus, they actively 

sought relationships with supportive peers and faculty, who 

served as agents for their scholarly socialization (help with 

research, publishing, conferences, etc).  
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students’ scholarly socialization 

experiences? 

 

Weidman 

and Stein 

(2003) 

Which departmental factors enhance 

PhD students’ socialization to 

academic norms? 

Survey to 40 PhD students 

(Sociology, Educational 

Foundations Program) at a 

US university.  

Regression (1) Participation in scholarly 

activities (11 item index),  

(2) Supportive faculty 

environment, 

(1) Departmental support is the only significant predictor of 

participation in scholarly activities.  

(2) Departmental collegiality, student-faculty and student-

peer interactions enhance PhD students’ perception of 

departmental faculty encouragement in engaging in 

scholarly activities. 
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Table 3: Articles analysed in Section 3 – Formal Efforts for Scholarly Identity Development  

Formal Efforts for Scholarly Identity Development   

Article  Research Questions  Data Methods Dependent variables  Findings 

Alkathiri 

and 

Olson 

(2019) 

 

(1) How does a formal preparatory 

course influence the understanding 

and preparation of PhD students 

towards the professoriate? 

 

11 PhD students in 

Teaching and Learning, 

and Educational 

Foundations Research 

enrolled at professional 

preparatory course (“The 

Professiorate”, at a US 

university. 

 

Qualitative  PhD students’ perceptions 

about career preparation and 

experiences of the preparatory 

course. 

 

 
 

PhD students are concerned about the pressure and the 

nature of work in academia. There is lack of formal 

preparatory opportunities and little participation in informal 

opportunities such as socialization, networking and 

mentoring. PhD students reported that this preparatory 

course provided opportunities to learn about the 

professoriate, gain deeper understanding on various 

profession related topics and reflect on own career plans. 

 

Clair et 

al. (2019) 

 

(1) What factors drive PhD students’ 

and post-docs’ preferences for 

different models of career 

development resources?,  

(2) What role does career-relevant 

social capital play?    

 

Survey to 1215 PhD 

students (n=843) and post-

docs (n=353) in 

Biomedical Sciences and 

Engineering at 3 US 

universities.  

Regression  Preference for career 

development resources, 

participation (a) in BEST 

(Broadening Experiences in 

Scientific Training), an 

official program, (2) in stand-

alone career development 

courses and events. 

Social capital (supervisors and peers) shapes PhDs’ and 

post-docs’ preferences for career development resources. 

Those interested in careers outside academia opted for 

official programs. PhDs and post-docs receiving high levels 

of supervisory support are less likely to seek other career 

development resources in contrast with the ones with low 

levels of supervisory support who are more likely to 

actively seek other career development resources. 

Participants with low levels of departmental, supervisory 

and peer support were less likely to participate in formal 

career development events. 

  

Crede et 

al. (2010) 

(1) Assessment of a Teaching Fellow 

program (College of Engineering 

Dean’s Teaching Fellow Program),  

(1) How do program’s coursework, 

social activities and mentored 

classroom training prepares future 

faculty?  

  

4 focus groups (8M, 5F) 

and 5 interviews (2M, 3F) 

with 1st and 2nd year 

Teaching Fellow program 

participants, interviews 

with 6 faculty 

(mentors/course 

coordinators) in 

Engineering at a US 

university.  

 

Qualitative Experience and assessment of 

the teaching Fellow program.  

The Teaching Fellow Program facilitated high level peer 

and faculty interaction. The program facilitated: (a) 

experience exchange with peers, (b) advice provision by 

more senior fellows, (c) peer and faculty feedback, (d) own 

reflection about preparation, execution and analysis of 

fellows’ teaching, (e) immersion in the core of scholarly 

community. The program apart from increasing fellows’ 

teaching experience and responsibility allowed the 

establishment of relationships with peers and faculty that 

ultimately support PhD students’ development in multiple 

aspects of their career.  
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Culpeppe

r et al. 

(2020) 

How does the National Research 

Traineeship (NRT) Program in the 

Language Sciences shape PhD 

students’ scholarly identities as 

interdisciplinary scientists? 

Interviews with 23 PhD 

students in Language 

Sciences Center 

(linguistics, computer 

science, neuroscience, etc.) 

at a US university, 3 

interviews with key 

institutional informants, 

PhD student (n=3) and 

faculty (n=3) focus groups, 

ethnographic observations, 

and document analysis. 

 

Qualitative Program factors shaping PhD 

students’ identities.  

NRT program’s activities contribute to PhD students’ inter-

disciplinary identity development by: (a) connecting them 

to pre-existing scholarly networks of faculty and peers from 

diverse disciplinary backgrounds, (b) facilitating their 

learning about methods, cultures and norms outside their 

own discipline, (c) broadening their views regarding the 

impact of their research, and (d) encouraging the 

development of interdisciplinary research projects. 

 

Ku et al. 

(2008) 

(1)  Exploration of PhD students’ 

graduate experience,  

(2)  PhD students’ academic career 

preparedness before and after 

participating in the International 

Doctoral Students Support Group 

(IDSSG).  

Interviews with 12 PhD 

students before and after 

participating in the IDSSG 

and pre- and post- 

participation survey (same 

dataset) in Education 

disciplines, Human 

Rehabilitation, School 

Psychology at a US 

university.  

 

Mixed 

Methods 

PhD students’ experiences of 

the IDSSG (aim: prepare 

students for academic careers-

teaching, research, and service 

responsibilities). 

IDSSG facilitated the acclimatization of international PhD 

students to the new academic environment. PhD students 

via their participation in this group gained quidance about 

conducting research and teaching resulting in them being 

more prepared for an academic career. Apart from skill 

development, students were familiarized with culture, 

which is important for international students, and 

established friendships.  However, participants suggested 

that supervisors should be more accessible. 

 

Moreira 

et al. 

(2019) 

Assessment of Texas A&M System 

Alliance for Graduate Education and 

the Professoriate (TAMUS-AGEP) 

program, which aims to increase the 

number of Underrepresented 

Minority (URM) STEM faculty.  

(participation incentives, activities for 

professional development and 

community building.). 

 

The project includes 168 

URM STEM graduate 

students: post- activities 

evaluation questionnaires, 

focus groups, survey to 38 

(current and former) 

AGEP students from the 5 

participating institutions.  

 

Mixed 

methods 

Experiences, personal impact 

and perceptions about 

preparation for academic 

careers.   

The program shaped students’ educational and career 

aspirations by providing a better understanding of various 

career options in academia. Students highly valued the 

networking facilitated by the program which helped them 

demystify graduate experience and identify with similar 

other having the same experiences. Peer networks provided 

personal support and professional development activities 

increased students’ confidence about the job market. 

Rizzolo 

et al. 

(2016) 

 

Graduate students’ experiences of the 

activities of graduate school 

Professional Development (PD) 

(1) Survey (qualitative 

comments) to graduate 

students (PhD=288, 

MSc=450, Certificate=11), 

Mixed 

methods 

Graduate students’ 

experiences of Professional 

Development (PD) activities. 

PD activities offer networking opportunities and a sense of 

belonging which are crucial for students’ professional 

identity development, promoting job readiness with 

academic and career preparation. Participation in them is 
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program and career-related 

experiences in higher education. 

and (2) Focus groups (4 

groups, n=13, PhD=6, 

MSc=7) in Social 

Sciences, Education, 

Business, Arts and Natural 

Health Sciences at a US 

university.  

affected by work-life balance issues with time, location, 

accessibility and finances being the main barriers. Faculty 

and peer relationships significantly affect graduate 

students’ experiences. Findings about faculty relationships 

were contradictory between focus groups, who reported 

they positively affect graduate experience, and survey 

respondents who did not find them adequate. Peer 

interactions largely affect graduates’ experiences and 

participation to PD activities.  

 

Strong 

and 

Sekayi 

(2018) 

How do Students Pursuing Faculty 

Careers (SPFC) program alumni 

narrate their experiences of this 

career preparation program? 

Interviews (and 

coursework) with 21 

alumni of (SPFC) 

program, of a US 

university.  

Qualitative Perceptions and experiences 

of the program.  

Alumni showed competence, relatedness and autonomy as 

program participants; Competence by participating despite 

resistance from faculty and peers; Autonomy by pursuing 

this professional development program and by overcoming 

feeling of relatedness by non-supportive faculty, peers, 

program structures, department culture etc.  
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Chapter 2 Appendix  
 

Table 1: Combinations of keywords used for Scopus literature search  

Keywords Retrieved 

articles 

Original 

relevant 

articles  

“doctoral stud*” OR “doctoral candidat*” OR “PhD stud*” OR “PhD candidat*” OR “graduate 

stud*” OR “postgraduate stud*” OR “post-graduate stud*” AND “socialization” OR 

“socialization process*” OR “experience” OR “well-being” OR “social” OR “network*” AND 

“career*” OR “career outcom*” OR “career choice*” OR “academic career*” OR “career 

preference*” OR “scientific career*”  

129 32  
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Chapter 3: Gender differences in academic developmental networks: 

evidence from doctoral cohorts 

 

 

 
 

 

 

 

 

 

 

 

 

 

Abstract  
 

We analyse gender differences in the reciprocity of giving and receiving credit for career and 

psychosocial support in academia. Exploiting information included in the acknowledgements 

sections of doctoral dissertations, we draw network maps of cohorts of Chemical Engineering 

doctoral candidates at the University of Cambridge as our setting. Empirically, we leverage the 

fact that the formation of the pool of individuals a doctoral candidate can draw upon to build 

their (developmental) network is exogenous to the candidate. The findings suggest that gender 

differences in giving and receiving credit and in developmental networks’ configuration in 

academic life can emerge in the formative career stages. Our findings have important 

implications for how universities and relevant stakeholders may encourage the candidates’ 

developmental relationships.  
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Introduction  
 

Gender stratification within society is reflected in academia (Fox and Stephan, 2001). 

Men and women in science face different realities and barriers sustaining the issue of 

underrepresentation of women in academia (Etzkowitz et al., 2000, Helbing et al., 1998). 

Gender disparities are manifested in differences in social experiences since science is 

fundamentally “social” (Fox, 2001) with the collaboration of people constituting the core of 

scientific world (Rothstein and Davey, 1995, Whittington, 2018). These differences emerge 

early on in science careers during the doctoral training which is a long process of socialization 

and determines candidates’ retention, success, and subsequent career choices (Helbing et al., 

1998, Fox and Stephan, 2001, Gardner, 2008). Doctoral candidates socialize to draw career 

and psychosocial support for their personal and professional development (Gardner and 

Barnes, 2007, Baker and Lattuca, 2010, Gardner, 2008).   

Networks shaped during graduate school matter because individuals in their first career 

steps are in greater need for support to develop their professional identity, receive advice and 

feedback and access resources to advance their career (Kram, 1983, Kram and Isabella, 1985, 

Dobrow and Higgins, 2005, Chandler and Kram, 2005, Baker and Lattuca, 2010, Gardner, 

2008, Gardner and Barnes, 2007). Developmental networks are defined as groups of people, 

identified by an individual, who take an active interest in the individual’s career and life 

progress by providing career and psychosocial support (Higgins and Kram, 2001, Dobrow et 

al., 2012). The literature on developmental networks has identified numerous factors shaping 

a given network and the types of support provided. Individual attributes and demographics 

constitute the main components affecting the establishment and effectiveness of developmental 

relationships and their outcomes along with content and structural characteristics of the 

networks (Higgins and Kram, 2001, Dobrow et al., 2012). 
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 Although support networks are of great importance in science careers (Hetty van 

Emmerik, 2004, Kirchmeyer, 2005, Etzkowitz et al., 2000), there is limited research on early 

career networks shaping nascent academics (Spurk et al., 2015, Sweitzer, 2009). Gender affects 

the composition and the types of support exchanged in these early career networks (Burke et 

al., 1996). Moreover, reciprocity constitutes a measure of relationship strength since it 

illustrates stability, closeness and trust between the parties involved (Granovetter, 1973, Hetty 

van Emmerik, 2004). Thus, a mutually recognised relationship demonstrates a balanced 

resource exchange which may involve career and/ or psychosocial functions (Etzkowitz et al., 

2000, Higgins and Kram, 2001). However, the reciprocity of developmental relationships and 

whether gender affects the formation, and the reciprocity of these relationships has not received 

much attention. 

Against this background, in this paper we explore the characteristics and composition 

of doctoral candidates’ developmental networks, and we ask whether there are gender 

differences in the establishment of these networks examining the formation and reciprocation 

of relationships between fellow doctoral candidates. To explore doctoral candidates’ 

developmental networks, formed during doctoral training, we use the entire population of 

Chemical Engineering doctoral candidates from the University of Cambridge during an eleven-

year period (1996-2007)1.  

We focus on developmental relationships between fellow candidates defined as peers 

because their socialization is promoted by joint classes, social events/activities, and colocation 

of offices/labs (Baker and Lattuca, 2010, Sweitzer, 2009, Kabo et al., 2015). Moreover, 

doctoral candidates during their training work and socialize within a specific peer group 

 
1 The use of this dataset allows us to capture the support networks of all the candidates and avoid any 

potential limitation that could arise from the candidates’ different career aspirations which are 

influenced by their socialization in graduate school (Kirchmeyer 2005, Sallee 2011). 
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(composition) sharing their day to day concerns, successes, failures, career aspirations and 

struggles of the PhD life (Baker and Lattuca, 2010, Gardner and Barnes, 2007). Thus, we 

choose this setting because the relationships between candidates are spontaneously and 

informally cultivated during the doctoral training (Ragins and Cotton, 1999), appear to provide 

critical developmental functions and are oftentimes more available to individuals than formal 

supervisor-supervisee developmental relationships (Kram and Isabella, 1985). 

This context affords us two main advantages. First, it speaks directly to the literature 

dealing with the problems and challenges of the PhD life, which is a long, intense, knowledge-

based process of socialization into science and the academic profession (Baker and Lattuca, 

2010). Inadequate socialization during graduate school along with the feeling of isolation and 

the lack of work-life balance often lead candidates to drop out (Castelló et al., 2017).  

Moreover, studies on doctoral education consistently find that doctoral candidates may suffer 

from mental and physiological health issues and lack of motivation which are as well 

influenced by their socialization experiences during graduate school (Sverdlik et al., 2018, 

Levecque et al., 2017). Regarding gender differences, male and female doctoral candidates at 

the same graduate programs have often strikingly different experiences which are shaped by 

their support networks in early stages of their academic careers and become more pronounced 

in later career stages (Etzkowitz et al., 2000, Sallee, 2011).  

Secondly, it allows us to circumvent, to a large extent, an inherent empirical challenge 

in that relationships, and in turn networks, are endogenously formed (Manski, 2000). In this 

study, we explore the empirical advantage of the allocation process of doctoral candidates into 

cohorts. Candidates choose supervisors and programs mainly based on the PhD subject and the 

institution’s geographic location (Azoulay et al., 2017). Although they undergo the same 

screening processes to enrol into a PhD program, having equivalent educational background 

and similar performance, the demographics, and attributes of the members of the resulting 
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composition of the PhD cohorts are exogenous. The doctoral candidates of a cohort are not 

selected based on gender and proclivity to be social and they cannot control the pool of fellow 

candidates with whom they embark on the PhD journey together and the potential support that 

these individuals would offer. Individuals tend to form relationships with similar others, in 

terms of demographics, identity and status group memberships which facilitate easier 

communication and promote reciprocation (Ibarra, 1997, Ibarra, 1993, McPherson et al., 2001). 

Thus, the potential endogeneity concerns are addressed in this setting since doctoral candidates 

have no power on the composition of the cohort they will be assigned in before their enrolment 

and they choose a supervisory relationship on criteria which are not based on features that 

explain relationship formation.  

The developmental networks of doctoral candidates are mapped using the 

acknowledgements of PhD dissertations where graduates express gratitude to all individuals 

who provided support during their doctoral training (Giles and Councill, 2004, Baker and 

Lattuca, 2010, Sweitzer, 2009, Cronin and Overfelt, 1994, Hyland and Tse, 2004). In 

acknowledgements, candidates have the opportunity to present a social self, disentangled from 

complex academic discourse types and reveal a real self, expressing feelings of gratitude and 

happiness (Hyland, 2004, Hyland, 2003). Thus, the analysis of acknowledgements allows us to 

trace doctoral candidates’ support networks2.  

We contribute to the developmental network literature, since to the best of our 

knowledge this is the first study examining the reciprocity of a developmental relationship 

considering the perspectives of both parties involved. Moreover, we contribute to the literature 

 
2 Since we focus only on relationships between fellow doctoral candidates, we avoid potential 

endogeneity concerns that would arise from namedropping used by doctoral graduates as means of 

career strategizing. 
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examining gender differences in academia by exploring how gender affects the configuration 

of early career developmental relationships of academics. 

Theoretical and empirical background  
 

From Mentoring to Developmental Networks 
 

Mentoring relationships contribute to an individual’s career and life progress by 

providing numerous sorts of support including career and/or psychosocial support functions 

such as coaching, guidance, protection, counselling, friendship, moral support, etc. (Kram, 

1983, Baker and Lattuca, 2010, Kram and Isabella, 1985). In the “traditional” mentoring 

relationship, dyadic in nature with one-way support dynamic, an individual is mentored by a 

senior person of higher hierarchical level within the same organization (Higgins and Kram, 

2001). However, an individual relies on multiple relationships called “relationship 

constellations” at any point in time to receive mentoring support (Kram and Isabella, 1985, 

Higgins and Thomas, 2001). For instance, peers of the same hierarchical level, which facilitates 

ease of communication and two-way support exchange, are more available and accessible to 

individuals and also provide career and psychosocial support (Kram and Isabella, 1985). Based 

on the notion of “relationship constellations”, Higgins and Kram (2001) proposed the concept 

of developmental networks; a group of people, called alters, who an individual, called ego,  

perceives as taking an active interest in and acting towards their life and career progress, who 

constitute a subset of their larger social network (Dobrow et al., 2012). Alters, may come from 

within an individual’s organization, from same or different hierarchical levels, but also from 

other life domains, such as family, friends, communities, etc. (Dobrow et al., 2012).  

The concept of developmental networks builds on mentoring constellations and 

includes a social network perspective exploring the role of mentoring relationships on an 

individual’s personal and professional development (Baker and Lattuca, 2010). To the best of 
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our knowledge in the developmental network literature, there is no study accounting for both 

the ego’s and the alters’ perspectives (Dobrow et al., 2012).  These networks are called 

“egocentric”  because they are comprised of people that the focal individual (ego), identifies to 

have provided any type of support (Higgins and Kram, 2001). Mutuality in a relationship 

presupposes that individuals involved share expectations, influence and understand each other 

resulting in mutual benefit (Dobrow et al., 2012). Thus, by exploring developmental networks 

not only from the ego’s but also from the alters’ perspectives we gain a deeper understanding 

of how an individual’s characteristics and attributes influence the structural differentiations of 

their support networks. 

 

Developmental networks in academia 
 

The composition and the reciprocal relationships of faculty’s support networks affect 

their career advancement (Hetty van Emmerik, 2004, Kirchmeyer, 2005, Long et al., 2018, 

Etzkowitz et al., 2000). Kirchmeyer (2005) interviewed early and mid-career US academics in 

Accounting (n=143) to examine how mentoring constellations advances an academic’s career 

and concluded that developmental relationships, promote career success, measured by 

performance and salary, depending on the number of mentors, their status and whether they are 

traditional mentors or not.  Hetty van Emmerik (2004) used survey data of faculty and doctoral 

candidates (n=1,010) of a Dutch University to examine how developmental networks affect 

intrinsic career success. The findings showed that the diversity of the developmental networks 

(size and range) and the strength of the relationships influence the intrinsic career success of 

individuals with gender playing a moderating role in terms of network size, intensity, and 

stability of the relationships. For instance, females tend to report larger and more diverse 

networks than their male counterparts (Hetty van Emmerik, 2004).  
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At the doctoral level, Sweitzer (2009), interviewed doctoral candidates (n=12), their 

self-identified supporters (n=22) and other faculty and administrators (n=15) and drawing upon 

individual characteristics, experiences, interaction with network members and network fit 

found that doctoral candidates’ developmental networks affect their professional identity 

development. Spurk et al. (2015)  proposed a distinction between inter and intra-departmental 

support networks and investigated how gender differences affect doctoral candidates’ 

perceptions of career success and external marketability. They surveyed 82 doctoral candidates 

(73% females) in Mathematics, Informatics/Computer Science, Natural Sciences and 

Technology/Engineering from German Universities and found that the gender composition of 

candidates’ networks affects the subjective career success with males dominating both females’ 

and males’ inter and intra-departmental networks. In contrast with these findings and findings 

of managerial networks studies (Ibarra, 1993), Pilbeam and Denyer (2009) surveyed DBA 

(Doctor of Business Administration)  and PhD candidates (n=73)  of a UK Management School 

to investigate their networking patterns and found that connectivity was unaffected by the 

candidates’ gender and was mainly determined by the start year and the study program.  

Doctoral candidates’ socialization experiences during graduate school varies depending 

on various factors such as their demographics, attributes and career aspirations (Hetty van 

Emmerik, 2004, Sallee, 2011). Gender constitutes one of the main determinants of their 

socialization patterns since it is a strong predictor of dyadic relationship formation (Ibarra, 

1997, McPherson et al., 2001). However, we have limited understanding of how gender affects 

the formation and structure of these support networks. Doctoral training is the first step into an 

academic career, thus, doctoral candidates’ experiences during the doctoral era are critical in 

their decision to stay in or leave academia (Spurk et al., 2015) and are affected by supervisors, 

fellow candidates and other academics as well as family and friends (Baker and Lattuca, 2010). 

The sum of these social interactions shape their immersion in the academic community (Baker 
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and Lattuca, 2010). Moreover, doctoral candidates may share structural attributes such as being 

in the same PhD class (same cohort), taking the same modules, having physical or research 

proximity which may enhance the establishment of developmental relationships (Pilbeam and 

Denyer, 2009). In this study we examine the relationships between fellow doctoral candidates 

because they provide critical developmental functions, are in abundance and informally 

cultivated during the doctoral training and are essential for the candidates’ socialization into 

the academic profession (Baker and Lattuca, 2010, Martinsuo and Turkulainen, 2011, Kram 

and Isabella, 1985, Spurk et al., 2015, Ragins and Cotton, 1999).  

Hypotheses development  
 

Interpersonal similarity in identity or status group memberships, homophily, facilitates 

easier interactions and predictability of behaviours which in turn lead to the establishment of 

relationships of trust between the parties involved (Ibarra, 1997, Ibarra, 1993, Turban et al., 

2002).  Similarly, the attraction similarity model assumes that individuals’ perceived 

similarities determine interpersonal attraction (Spurk et al., 2015, Turban et al., 2002). The 

uncertainty that encompasses doctoral education leads candidates to direct their socializing 

strategies to similar others (McPherson et al., 2001). Gender, as a salient individual 

characteristic, constitutes a strong predictor of dyadic relationship formation (McPherson et 

al., 2001, Ibarra, 1997, Ibarra, 1993) and in turn predictor of the developmental networks’ 

gender composition (Spurk et al., 2015). Thus, it is more likely for PhD candidates to form 

developmental relationships with same gender fellow candidates. In our setting this is 

translated into candidates being more likely to mention same gender rather than different 

gender fellow candidates in their acknowledgements. We also expect that gender homophily 

influences the reciprocation of these acknowledgements. Therefore, we propose that:   
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H1a: PhD candidates are more likely to acknowledge same rather than different 

gender fellow candidates.  

H1b: A reciprocal acknowledgement is more likely to occur between same gender 

candidates.  

Based on the premise that individuals tend to form developmental relationships with 

similar others (Ibarra, 1997), we expect that in male dominated environments, such as the 

engineering graduate school (Richman and Wood, 2011), women might face constraints in 

terms of availability of similar others which in turn might affect the size and the gender 

composition of their developmental networks (Dobrow et al., 2012). To respond to these 

constraints, it is not unusual for women to reach further inside or even outside their 

organizations and immediate environment to establish developmental relationships with other 

women (Ibarra, 1997, Ibarra, 1993, Hetty van Emmerik, 2004). Thus, fewer women locally, to 

identify and connect with, might lead female PhD candidates to seek broader networks outside 

their cohorts. Hence, we expect that:  

H2: Female PhD candidates are less likely to acknowledge fellow candidates 

compared to their male counterparts.  

Males and females have different ways of socializing stemming also from dissimilar 

traits and values (McPherson et al., 2001). For instance, female faculty appreciate more the 

importance of networking and the support it entails in early career stages than their male 

counterparts and thus, try to expand their networks in order to receive more developmental 

support (Rothstein and Davey, 1995). Socialization in a PhD program is often experienced 

differently by males and females (Etzkowitz et al., 2000) with female candidates characterizing 

the doctoral environment less satisfying, in terms of isolation, discrimination, collegiality and 

provision of resources, than their male counterparts (Asmar, 1999). Other studies in the 
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doctoral setting provide contradictive findings with Spurk et al. (2015)’s study showing that 

males dominate the developmental networks of both males and females, however, without 

accounting for year of entry, availability of people and program type. On the other hand, 

Pilbeam and Denyer (2009) found no significant effect of gender on doctoral candidates’ 

networking patterns with the year of entry, the degree type and the types of support provided 

being the main socialization determinants.  

Moreover, studies have shown that female faculty face more difficulties in entering the 

“men’s club”, especially when social life may have been built around “male” activities , their 

scientific contribution is sometimes being devalued and they report less reciprocated 

relationships and lower levels of collegiality from males (Etzkowitz et al., 2000). Fox and 

Colatrella (2006) in their qualitative study of female faculty of a major technological 

university, investigating the advancement of women in academic science and engineering, 

found that female faculty consider gender as main factor influencing the collegiality which in 

turn affects their career advancement. In the same study respondents also stated that gender 

issues on career progress were not to be openly discussed otherwise would cause damage(Fox 

and Colatrella, 2006). Taking into account that developmental relationships are also product of 

availability (Ibarra, 1997) and that engineering tends to be a male dominated environment 

(Richman and Wood, 2011), we expect that:  

H3: Female PhD candidates are less likely to be acknowledged compared to their 

male counterparts.  
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Data and Methodology 
 

Setting and Data Collection 
 

To test the proposed hypotheses, we compiled a unique dataset of the entire population 

of PhD recipients (N=173) in Chemical Engineering of the University of Cambridge from 1996 

to 2007. Doctoral candidates have different socialization experiences depending on their field 

of studies, with candidates in natural sciences and engineering usually being members of teams 

with well-defined projects in contrast with candidates in social sciences who tend to be more 

isolated since they mostly work on individual projects (Levecque et al., 2017). Relationships 

between doctoral candidates in engineering fields are enhanced due to physical colocation in 

labs under the lead of one or a team of academics (Oettl, 2012, Kabo et al., 2015). This setting 

encourages interdependencies among scientists deriving from shared facilities, shared 

equipment and knowledge spill overs which often arise from complementary projects or 

collaborations (Slavova et al., 2015). Thus, the field’s characteristics combined with the long 

socialization process occurring during the doctoral training induce the establishment of 

relationships among candidates, who build developmental networks for career and 

psychosocial support (Spurk et al., 2015, Sweitzer, 2009).   

We identified research active institutions in Chemical Engineering from the Research 

Assessment Exercise (RAE, predecessor of Research Excellence Framework, REF) reports of 

2001 and 2008. The Chemical Engineering Department of the University of Cambridge was 

chosen because it scored highly in both assessments and with 227 PhDs awarded produced 

around 11 per cent of the total Chemical Engineering graduates in the UK. Over the period of 

the two RAEs (partial 1996-partial 2008) the Chemical Engineering Department of the 

University of Cambridge was among the 16 institutions in 2001 and the 10 in 2008 that 

participated in the Chemical Engineering Departments’ assessment, employed 41 active faculty 
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members (n=24 in 2001 and n=34 in 2008) and was organised in 4 groups in 2001 and 5 groups 

in 2008. Then, we used the Wayback Machine (www.wayback.com) to browse the digital 

archives of the university’s website and identify the PhD candidates and faculty members 

during the period under investigation. We obtained the acknowledgements from the 

university’s library and subsequently manually analysed them to construct the candidates’ 

developmental networks. From the digital archives we identified 179 out of 227 Chemical 

Engineering candidates with their respective 28 supervisors. The fact that sometimes PhD 

candidates are enrolled in multiple departments or drop out of the PhD programs explain the 

48 candidates that were not identified as Chemical Engineering graduates. The library of the 

University of Cambridge provided 176 title and acknowledgements sections and since three of 

them did not have acknowledgements sections, the final sample comprises of 173 

acknowledgements. Demographic information such as name and country of origin was 

triangulated using Namsor3 which classifies names accurately by gender, country of origin or 

ethnicity. Table 1 in Chapter 3 Appendix 1 contains a detailed description of the data sources 

and the construction of variables used.  

Acknowledgements, being a rich source of information, have been widely used in social 

sciences research, with Oettl (2012) using publication acknowledgements to examine 

helpfulness of co-authors and Cotton et al. (2011) using the induction speeches of Baseball 

Hall of Famers’ to identify the alters and the types of support provided for the inductees’ 

extraordinary career achievement. Dissertation acknowledgements provide doctoral candidates 

a unique opportunity to freely express themselves and show gratitude for career and 

psychosocial support received during their PhD training (Hyland, 2004, Hyland and Tse, 2004, 

Dobrow et al., 2012, Baker and Lattuca, 2010, Sweitzer, 2009). They usually mention 

 
3Namsor is a tool for classification of names by gender, country of origin, and ethnicity 

(www.namsor.com) 

http://www.wayback.com/
http://www.namsor.com/


76 
 

supervisors, other faculty, fellow candidates and colleagues, family, friends, social and sports 

clubs, participants of their research projects, technicians, religion, pets, etc. (Yang, 2012, 

Cronin et al., 1993). Candidates also use this genre to establish their professional identity and 

demonstrate their immersion in scholarly networks (Hyland, 2004, Hyland, 2003). Therefore, 

the analysis of acknowledgements allows the mapping of doctoral candidates’ developmental 

networks during the training. Examining the entire population of the Chemical Engineering 

doctoral candidates enables us to gain a deeper understanding of the gender structural 

differentiations of candidates’ developmental networks (Dobrow et al., 2012). 

The use of acknowledgements as cornerstone for the empirics of this study offers a 

number of advantages. First, in acknowledgements there is no limit to the number of people 

mentioned contrary to other developmental network studies which usually have a limit of up 

to ten supporters thus being subject to reporting bias (Spurk et al., 2015, Higgins et al., 2008, 

Hetty van Emmerik, 2004, Kirchmeyer, 2005). Hence, acknowledgements allow us to map the 

developmental networks of doctoral candidates comprehensively. Second, acknowledgements 

are written right after the PhD completion when candidates are not acutely prone to recall bias 

which usually occurs when researchers build developmental networks retrospectively, long 

time after a developmental relationship took place (Kirchmeyer, 2005). Third, 

acknowledgements capture the informal relationships which develop spontaneously from the 

candidate’s socialization beyond the formal relationships in graduate school (Ragins and 

Cotton, 1999)4.  

 
4 A potential limitation of using acknowledgements is candidates’ tendency to namedrop in order to 

gain scientific credibility and promote a highly connected professional identity (Hyland 2003, 2004). 

However, although it might affect the diversity of the developmental networks reported, in terms of 

increased number of faculty members or highly esteemed academics mentioned, it does not affect 

acknowledging fellow doctoral candidates since they are all similarly ranked. Another potential 

limitation is the discipline specific code of practice in acknowledgements writing (Cronin, McKenzie 

et al. 1993) with candidates in STEM fields being more concise compared to candidates in Humanities 
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Descriptive Statistics  
 

The sample consists of 173 candidates, 127 males and 46 females, who were supervised 

by 28 faculty members, 26 men and 2 women (Chapter 3 Appendix 2, Table 2). Although all 

the acknowledgements roughly follow a generic structure with the reflective, thanking and 

announcing parts and typology with regards to who is mentioned (Hyland, 2004, Cronin, 

McKenzie, Rubio, 1993), the analysis revealed gender differences both in the structural and 

the content characteristics. Starting from the word count, women tend to write longer 

acknowledgements than men (Chapter 3 Appendix 2, Table 3). Moreover, despite the fact that 

doctoral candidates tend to acknowledge the same groups of people, the mentioning frequency 

differs. For instance, as expected, every candidate mentioned the supervisor(s) (Hyland and 

Tse, 2004), but more female (80.4 per cent) than male (57.7 per cent) candidates acknowledge 

family members. Moreover, 93.6 per cent of all candidates acknowledge funding sources (97.8 

per cent of females and 91.3 per cent of males) and males come first in mentioning religion of 

any kind with 11.8 per cent in contrast with 8.7 per cent of female candidates.  

The size of an individual’s developmental network is positively associated with career 

advancement (Dobrow et al., 2012). The total number of people mentioned in 

acknowledgements indicates the size of the candidates’ developmental networks (inter and 

intra-departmental) as they perceive them at the end of the PhD training (Chapter 3 Appendix 

2, Tables 4, 5). The average number of people mentioned in acknowledgements is 14.7 

(s.d.=9.65) with females and males acknowledging in total an average of 16.7 (s.d.=12.06) and 

14 (s.d.=8.56) people respectively. Concerning the intradepartmental doctoral networks, 

doctoral candidates mention on average 2.8 (s.d.=3.23) fellow PhDs with females 

 
and Social Sciences who tend to be more elaborate (Hyland 2004). This is not an issue for our sample 

since it only comprises of Chemical Engineers allowing us to treat all the acknowledgements similarly. 
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acknowledging on average 3.5 (s.d.=3.68) and males 2.5 (s.d.=3.02) fellow PhDs. The 

observed doctoral networks show the tendency of females to have larger developmental 

networks since they acknowledge more people both inside and outside the doctoral cohort than 

males. Figure 1 shows a visualization of the doctoral candidates’ sample whole network and in 

Figure 2 the size of the nodes/candidates, is adjusted according to the indegree i.e. the number 

of mentions the focal candidate receives by fellow candidates (more network visualizations in 

Chapter 3 Appendix 3).  

Figure 1:  Candidates’ network (directed), blue nodes represent males and red nodes females.  
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Figure 2: Candidates’ network (directed), blue nodes represent males and red nodes females, node 

size adjusted based on the number of incoming ties.  

 

Based on the realised ties/acknowledgements of the observed doctoral network only 

one-fourth of females’ acknowledgments are directed to female fellow candidates with a 

quarter of them being reciprocated. On the other hand, from the female acknowledgements 

directed to male fellow candidates one-fifth is reciprocated (Chapter 3 Appendix 2, Tables 6, 

7). In contrast, three-quarters of males’ acknowledgements are directed to male fellow 

candidates with one-fifth of them being reciprocal and from the rest that are directed to female 

fellow candidates one-third are reciprocated (Chapter 3 Appendix 2, Tables 6, 7). It appears 

that the observed network does not support the attraction similarity mechanism as a means for 

the establishment of gender specific developmental networks (Spurk et al., 2015).   
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Variables  
 

In the context of this study, developmental networks are operationalised as the sum of 

acknowledgements defined as ties between doctoral candidates revealed from the 

acknowledgement sections of PhD dissertations. Outgoing ties or outdegree refer to the number 

of fellow candidates mentioned by the focal candidate and incoming ties or indegree refer to 

the number of mentions the focal candidate receives from fellow candidates (Borgatti et al., 

2009). A reciprocal tie occurs when two fellow candidates mention each other in their 

acknowledgements (Borgatti et al., 2009). 

Doctoral candidates’ developmental networks are represented as a fixed set of 

nodes/candidates and the respective directed acknowledging ties, which are used as a guide for 

the probability estimation of the model predictors. Tie formation refers to the baseline 

propensity to acknowledge fellow candidates and Reciprocity refers to the propensity of a 

mutual acknowledgement to occur. Regarding the candidates’ attributes called node level 

effects, gender being the main predictor takes the values of 0 for male and 1 for female 

candidates with Ego’s gender representing the gender of the focal candidate and Alter’s gender 

representing the gender of the fellow candidate(s) mentioned by the focal candidate.  

We control for the Supervisor, the Start date and the College which are categorical 

variables and indicate whether the ego-alter candidate dyad had the same supervisor, started 

their doctoral training in the same year and were members of the same college respectively. 

We control for having the same Supervisor since supervisors play a critical role in facilitating 

the candidates’ socialization into academia as apart from their official role they also introduce 

them to discipline specific norms (Sallee, 2011, Tenenbaum et al., 2001).  Moreover, in 

engineering fields, supervisors are usually members or heads of research groups and their 

doctoral candidates work in labs together on the same or related projects (Sailer and McCulloh, 
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2012, Kabo et al., 2015) which enhances the probability of social interaction. Having the same 

Start date means that the doctoral candidates are more likely to establish relationships because 

they take classes together and complete PhD milestones during the same time periods. The 

University of Cambridge is organised as a confederation of Schools, Departments, Faculties 

and 31 Colleges. Colleges admit their own students, undergraduates and/or postgraduates and 

foster their socialisation (Baker and Lattuca, 2010) since being a member of the same college 

is translated into living together and/or being trained together and/or having the same social 

obligations  (Kabo et al., 2015, Sailer and McCulloh, 2012). Therefore, we control for 

membership in the same College because it might enhance an ego’s probability of 

acknowledging a fellow candidate and the probability of this acknowledgment being reciprocal 

(Sacerdote, 2001).  

We also control for the effects of the candidates’ Country of origin, which is a 

categorical variable and demonstrates whether the ego-alter dyad come from the same country. 

Homophily of country of origin, as another salient individual characteristic, influences the 

attraction of individuals to similar others to seek developmental support (McPherson et al., 

2001). Thus, PhD candidates sharing a common cultural background are more likely to 

establish a (reciprocal) relationship (Morris et al., 2008, Manev and Stevenson, 2001).  

Last, to account for the fact that the doctoral training period of the candidates in the 

observed network does not always coincide and to avoid inflated probability values, we 

constructed the Same time period of studies variable. This variable is a one-mode matrix, where 

rows and columns refer to the candidates, where two candidates are linked with the value of 1 

if their period of doctoral studies coincided and the value of 0 if they could not have met. A 

candidate is likely to have met fellow candidates that started their doctoral training in the same 

year (t, same Start date) two years before (t-1, t-2) and two years after (t+1, t+2) them. The 

specific time frames (t +/- 2years) were chosen based on the premise that the PhD training in 
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the UK has usually a duration of three to four years. In this variable (matrix), candidates with 

the same start date are linked with the value of 0 to avoid any correlation with the Start date 

predictor (Chapter 3 Appendix 1, Table 1).  

Analytical procedure 
 

To test the proposed hypotheses and estimate the respective probabilities, we use 

Exponential Random Graph Models (ERGMs). ERGMs are a class of statistical models that 

enable the understanding of the structure of an observed network by giving insight into how 

ties are patterned and the underlying processes of the network’s creation (Lusher et al., 2013, 

Robins et al., 2007). These models express the probability of an observed network as a function 

of the structural characteristics of the network, Network parameters, and the attributes of the 

network members, Candidates’ attributes, with the latter called node level effects (Robins et 

al., 2007, Shields, 2016). The structure of the network, meaning the present and the absent ties, 

explains the formation of ties. For instance, in the case of the doctoral candidates’ 

developmental network, reciprocity investigates candidates’ tendency to mutually 

acknowledge each other. On the other hand, node level effects examine how attributes of the 

network members are linked to its structure. For example, whether doctoral candidates with 

common attributes, such as gender, same country of origin or having the same supervisor are 

more likely to acknowledge a candidate that shares these attributes with them. Therefore, by 

incorporating both network structural characteristics and node level effects, ERGMs allow the 

evaluation of the relative contribution of each one of them (Robins et al., 2007). Moreover, a 

fundamental feature of ERGMs is that the probability of a tie is conditional on all the other 

observed ties, unlike most statistical methods that require independence, meaning that a 

realised tie, acknowledgement, may be explained by candidates’ attributes and ties, 

acknowledging ties, observed in the rest of the network combined (Lusher et al., 2013).      



83 
 

Before proceeding with the analysis, we conducted a series of tests to examine the 

network’s evolution over time (Chapter 3 Appendix 4) concluding that the doctoral candidates’ 

developmental networks cannot have been realised by chance allowing us to use ERGMs for 

the analysis5.  

Results (Models)  
 

We produced 5 models (Table 1) following convention in reaching the final 

specification sequentially so we can demonstrate the robustness and stability of our findings6. 

The first three include only the gender of the focal candidate from the ego-alter dyad exploring 

gender differences in acknowledging patterns. They address Hypothesis 2 by examining the 

effect of gender on outdegree. Building on these models the following models include both 

Ego’s and Alter’s gender focusing on ego-alter gender differences in acknowledging patterns 

addressing Hypotheses 1a, 1b, 3 and further supporting the findings for Hypothesis 2. 

 

 

 

 

 

 

 
5 The network composition changes over the eleven-year period under investigation with candidates 

starting and finishing their doctoral training in different time intervals determining the possibility to 

have met and in turn acknowledge each other. However, all the ties are observed at one point in time, 

not allowing the treatment of the resulting dataset as longitudinal. Thus, we examined the evolution of 

the doctoral candidates’ developmental networks over time for potential large variations in network’s 

composition and the extent to which the ties might be present by chance, that would not allow the 

treatment of the network in its entirety (Chapter 3 Appendix 4). 

6 Models are fit using the “statnet” package and library for the R statistical programming language. The 

output is similar to that of a logistic regression, a set of coefficients and significance levels that express 

the change in the probability of the dependent variable, Tie formation, associated with a change in each 

independent variable. 
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Table 1: Models 1-5, gender effects on Tie Formation and Reciprocity (N=173) 

 Model 1 Model 2 Model 3 Model 4 Model 5 

Network parameters       

Tie formation  -5.62 (0.15)*** -6.10 (0.16)*** -6.17 (0.17)*** -5.59 (0.16)*** -6.05 (0.16)*** 

Reciprocity 2.95 (0.18)*** 1.85 (0.20)*** 1.82 (0.19)*** 2.97 (0.17)*** 1.89 (0.20)*** 

 

Candidates' attributes    

  

Same time period of studies 1.48 (0.16)*** 1.46 (0.16)*** 1.46 (0.16)*** 1.49 (0.16)*** 1.46 (0.16)*** 

Ego's gender 0.31 (0.10)** 0.26 (0.11)*   0.28 (0.10)** 0.36 (0.10)*** 0.31 (0.10)**  

Alter's gender    -0.24 (0.11)*   -0.28 (0.11)*   
Start date  0.34 (0.12)** 0.34 (0.12)**  0.34 (0.11)**  
Supervisor  2.31 (0.10)*** 2.33 (0.10)***  2.33 (0.10)*** 

College   -0.01 (0.19)      

Country of origin   0.49 (0.14)***   

 

Goodness of fit 

     

AIC 4594 4039 4029 4590 4033 

BIC 4627 4089 4095 4632 4091 

Instability  0.056 0.15 0.29 0.067 0.082 

Coefficients, standard errors in parentheses, p-values; 0 “***”, 0.001 “**”, 0.01 “*”, 0.05 “.”  

 

 

The effects of the main independent variables (Ego’s and Alter’s gender) and the ego-

alter dyad attributes on Tie formation and Reciprocity are expressed as log odds ratios when all 

other predictive variables are set to zero, in the same manner as the intercept in regression 

analysis (Chapter 3 Appendix 5). The negative coefficients of Tie formation in all the models 

indicate that acknowledging fellow candidates occurs relatively rarely (Robins et al., 2007). 

Moreover, the Same period of studies coefficients are consistently high, positive and highly 

significant in all the models, as expected, since this variable indicates whether candidates’ 

study periods coincided. This provides further evidence that cohorts, meaning candidates 

whose PhD training period coincided (from t-2 years to t+2 years), matter affecting the 

composition of their developmental networks.  
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Model 3 (Table 1) examines the effects of Ego’s gender and all the control variables: 

Start date, Supervisor, College and Country of origin7 on Tie formation and Reciprocity. The 

probability8 of doctoral candidates to acknowledge fellow candidates, with the same Start date, 

Supervisor and Country of origin, is 22 per cent and 17.5 per cent for female and male 

candidates respectively. Contrary to expectation, being member of the same College does not 

affect Tie formation as demonstrated by the low and non-significant value of this predictor’s 

coefficient but Country of origin appears to be a strong and highly significant predictor of 

acknowledging patterns.  

The model’s coefficients and the respective probabilities show that female doctoral 

candidates are more likely to acknowledge more fellow candidates compared to their male 

counterparts which does not support Hypothesis 2 stating that female candidates are less likely 

than male candidates to acknowledge fellow candidates. Moreover, comparing the probabilities 

shown in Tables 2 and 3, we see that female-egos are more likely to get a reciprocal 

acknowledgement than male-egos and the probability is higher for candidates with the same 

Supervisor and the same Start date.  

Table 2: Probability of candidates with same Country of origin to have a reciprocal 

acknowledgement (College=0) based on model 3 

Female candidates (egos)  Male candidates(egos) 

 Supervisor   Supervisor  

Start date Same  Different  Start date Same  Different  

Same  63.6% 14.5% Same  56.8% 11.3% 

Different  55.4% 10.7% Different  48.3% 8.3% 

 

 

 

 
7 We also explored the effect of candidates having the same educational background, which refers to t

he institution granted their previous degree, on acknowledging patterns. However, the size of the effec

t was small and the coefficients were losing the 0.05 significance as the models became more comple. 

By including Country of origin as a predictor we account for educational background since in most cas

es the previous degree was granted in institutions located in the candidates’ home countries.   
8 The College coefficient is set to 0 when estimating the probabilities since it is low and non-significant.  
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Table 3: Probabilities of candidates with different Country of origin to have a reciprocal 

acknowledgement (College=0) based on model 3 

Female candidates (egos) Male candidates (egos) 

 Supervisor   Supervisor  

Start date Same  Different  Start date Same  Different  

Same  51.2% 9.4% Same  44.7% 7.3% 

Different  43.2% 6.9% Different  36.7% 5.3% 

 

Model 5 (Table 1) examines the effects of the dyad’s gender and the control variables 

Start date and Supervisor on Tie formation and Reciprocity9. Alter’s gender has a relatively 

strong and significant effect on Tie formation in models 4 and 5 and the negative sign of the 

coefficients indicate that male candidates are more likely than female candidates to be 

acknowledged from both male and female candidates. Thus, Hypothesis 1a stating that 

candidates are more likely to acknowledge same gender fellow candidates is rejected. 

Moreover, female candidates are more likely to acknowledge fellow candidates than their male 

counterparts further supporting the rejection of Hypothesis 2. Hypothesis 3 is also supported 

since female candidates are less likely to be acknowledged compared to their male 

counterparts. Regarding the reciprocity of acknowledgements, when comparing the 

probabilities stemming from this model (Tables 4, 5) we see that female-egos are more likely 

than male-egos to get a reciprocal acknowledgement, supporting the findings of the previous 

models. However, both female-egos and male-egos have a higher probability to get a reciprocal 

acknowledgment from males. This finding leads to the rejection of Hypothesis 1b stating that 

a reciprocal acknowledgement is more likely to occur between same gender candidates. Last, 

as also demonstrated in the previous models, having the same Supervisor has considerably 

stronger effect on reporting a tie with a fellow candidate and this relationship being reciprocal 

than starting the PhD on the same Start date.  

 
9 The College variable is excluded from the model because its effect is low and non-significant. The 

Country of origin variable was excluded since when included the coefficients of the rest of the variables 

in terms of magnitude and significance behave similarly and a simpler model has a better fit.  



87 
 

Table 4: Probabilities of candidates to report a reciprocal acknowledgement based on model 5 

(egos=females) 

female-female  female-male 

 Supervisor   Supervisor  

Start date Same  Different  Start date Same  Different  

Same  46.7% 8.8% Same  56.7% 11.3% 

Different  41.4% 6.4% Different  48.4% 8.4% 

 

Table 5: Probabilities of candidates to report a reciprocal acknowledgement based on model 5 

(egos=males) 

male-female  male-male 

 Supervisor   Supervisor  

Start date Same  Different  Start date Same  Different  

Same  42.1% 6.6% Same  49.1% 8.9% 

Different  34.2% 4.8% Different  40.8% 6.3% 

 

The analysis of the ERGMs (models 1-5) shows that both females and males are more 

likely to acknowledge male fellow candidates. Regarding the reciprocity of an 

acknowledgement, both female-egos and male-egos have a higher probability to get a 

reciprocal acknowledgement from male fellow candidates. Thus, Hypothesis 1a stating that 

PhD candidates are more likely to acknowledge same gender rather than different gender fellow 

candidates and Hypothesis 1b stating that a reciprocal acknowledgement is more likely to occur 

between same gender candidates are not supported.  

With regards to outdegree, outgoing acknowledging ties, female candidates tend to 

acknowledge more fellow candidates than their male counterparts (models 1-3) indicating that 

Hypothesis 2, suggesting that female PhD candidates are less likely acknowledge fellow 

candidates compared to male PhD candidates is not supported. Moreover, the examination of 

the observed network showed that the department’s gender composition does not impose 

constraints on the establishment of female candidates’ developmental relationships which also 

supports the rejection of Hypothesis 2. Concerning the indegree meaning acknowledgements a 

candidate receives, Hypothesis 3 is supported since female candidates are less likely to be 

acknowledged compared to their male counterparts.  
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Assessment of the models 

 

Throughout models 1 to 5 the coefficients behave similarly in terms of magnitude and 

significance without being affected by the addition of extra predictors which is an indicator of 

good model fit. The probabilities stemming from models 1, 2 and 4 can be found in Chapter 3 

Appendix 5, Tables 10-13.  

To assess the combination of independent variables that best describes the data we rely 

on a number of checks of model fit (Chapter 3 Appendix 6). We evaluated the Akaike 

Information Criterion (AIC), the Bayesian Information Criterion (BIC), and the Degeneracy 

values and we also conducted goodness-of-fit tests for the all the models, as well as network 

simulation for the models’ goodness of fit. Based on the results of these checks we conclude 

that models 3 and 5 are considered the best including the most predictors and showing the best 

network fit. 

Conclusion, Limitations and Future Directions   

 

The present study explores gender differences in doctoral candidates’ developmental 

networks during their doctoral training exploiting the empirical advantage that the formation 

of the pool of individuals available to doctoral candidates to build their developmental 

networks is exogenous to them. We account for both the ego’s and the alter’s perspectives and 

examine the gender effect on the formation and the reciprocity of the reported developmental 

relationships which are operationalised as the sum of dissertation acknowledgements of 

Chemical Engineering doctoral candidates at the University of Cambridge during an eleven-

year period (1996-2007).  

The analysis revealed that female doctoral candidates are more likely to have larger 

developmental networks with fellow candidates during their doctoral training compared to 
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male counterparts, allowing us to infer that women engage and invest more in developmental 

relationships with fellow candidates. The analysis also showed that both female and male 

candidates are more likely to acknowledge a relationship with male fellow candidates. 

Moreover, given that there is an acknowledgement female and male candidates are more likely 

to be involved in a reciprocated acknowledging relationship with female fellow candidates, 

thus, female candidates are less likely to be recognised for the provision of developmental 

support compared to male candidates.  

Figure 3: Schematic representation of acknowledging patterns’ probabilities for male and female 

doctoral candidates 

 

The limitations of the study suggest directions for future research. First, the study is 

focused on one discipline for a specific number of years and the sample is small with limited 

representation of women. Future research on developmental networks in the academic setting 

should examine multiple disciplines from various institutions over a longer period of time 

which will also result into a more gender balanced sample. Second, the reliance on 

acknowledgements to build doctoral developmental networks provides little information about 

the nature of the relationship (strength, emotional closeness, duration, types of support 

provided, etc.). However, the findings provide evidence of the engagement patterns of doctoral 

candidates during graduate school which can be further explored both quantitatively and 
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qualitatively to reveal the mechanisms shaping various outcomes such as candidates’ long-term 

career choices including a mutuality perspective to grasp the dynamics of the individuals’ 

environment and the respective consequences. Last, future research should also investigate the 

types of support, career or psychosocial, a developmental relationship provides to a focal 

individual to effectively understand the mechanisms of the emergence of a developmental 

relationship. 

This study being exploratory and descriptive provides valuable insights into the gender 

differences of nascent academics’ developmental relationships and contributes to the relevant 

literature on developmental networks since to the best of our knowledge it is the first to 

incorporate the “mutuality” perspective. Accounting for the perspectives of both egos and alters 

provides a more comprehensive understanding of the developmental relationships and 

experiences of doctoral candidates in graduate school which is essential to understand and cope 

with the long standing concern in STEM fields of the decreasing number of women after each 

educational transition stage (Etzkowitz et al., 2000). Realizing how doctoral candidates engage 

into developmental relationships at the outset of their career will allow inferences about the 

determinants of career choices and subsequent career performance. In turn the insights will 

provide valuable information to institutions and inform the design of programs and the 

selection processes. Without overlooking the uniqueness of the academic setting in terms of 

gender differences in the established developmental relationships the results can be generalized 

with caution as graduate school constitutes a psychosocial environment, and these relationships 

are essential for the development of the parties involved as well as the organization where they 

are realised. 
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Chapter 3 Appendix  

Chapter 3 Appendix 1: Data sources and variables 
Table 1: Data sources, construction of variables  

Variable  Source Variable Construction  

Candidates’ gender10 

a) Ego’s gender 

b) Alter’s gender  

acknowledgements, Namsor11 Both Ego’s and Alter’s gender variables take the value of 0 

for males and 1 for females. 

Country of origin mainly Namsor using the full 

names, complementary information 

from acknowledgements   

Categorical variable 

College website of the Chemical 

Engineering Department12, front 

pages of manuscripts, 

acknowledgements   

Categorical variable 

Start date website of the Chemical 

Engineering Department 

The Start date variable refers to the start date of the 

doctoral training. For the missing values, the Start date was 

estimated from the candidates’ graduation date minus four 

years. It is a categorical variable with set number of values 

(1994-2001).  
Supervisor website of the Chemical 

Engineering Department, 

acknowledgements  

Categorical variable, only the 1st supervisor is used for the 

analysis. 

a) 133 candidates had only 1 supervisor, 

b) 37 candidates had 2 supervisors, and  

c) 3 candidates had 3 supervisors 

 

Supervisors’ gender website of the Chemical 

Engineering Departmen, 

acknowledgements, Namsor  

Takes the value of 0 for male and 1 for female supervisors. 

Same time period of studies  Based on the start date of the PhD training, it is a one-mode 

matrix which links 2 candidates with the value of 1 if their 

period of doctoral training coincided and the value of 0 

otherwise. Candidates’ training period is likely to have 

coincided if they started their PhD in the same year t (same 

Start date), 2 years before (t-1, t-2) or 2 years after (t+1, 

t+2) the focal candidate. However, to avoid any correlation 

with the Start date variable candidates having the same 

Start date are linked with the value of 0 in this matrix.  

 

 

Chapter 3 Appendix 2: Descriptive statistics 
 

Table 2: Gender breakdown of candidate-supervisor pairs 

Candidates’ gender Supervisor’s gender  

 Males  Females  Total 

 
10 We acknowledge that the use of names to capture gender identity is an incomplete measure to 

capture gender identity. However, is not possible to retrieve this information for the sample.  
11Namsor is a tool for classification of names by gender, country of origin, and ethnicity 

(www.namsor.com) 
12 Live version in combination with the Wayback Machine (www.wayback.com) 

http://www.namsor.com/
http://www.wayback.com/
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Males 99 28 127 

Females 36 10 46 

Total 135 38 173 
 

Table 3: Gender differences in acknowledgements’ word count 

Word count N Mean  Min  Max Std. deviation  

Males 127 255.31 54 708 101.68 

Females 46 285.39 130 958 146.74 

 

Table 4: Total number of people mentioned in acknowledgements 

Candidates’ gender N Mean Min Max Std. deviation 

Males 127 13.98 1 40 8.56 

Females 46 16.67 2 49 12.06 

Total 173 14.7 1 49 9.65 

 

Table 5: Total number of fellow candidates mentioned in acknowledgements 

Candidates’ gender  N Mean Min Max Std. deviation 

Males 127 2.54 0 18 3.02 

Females 46 3.54 0 13 3.68 

Total 173 2.81 0 18 3.23 

 

Table 6: Candidates’ acknowledging (outgoing) ties over a) all realised ties and b) same gender 

observed ties 

From  To % over all 

realised ties 

% over all ties stemming 

from same gender ego’s ties 

Female Female 8% 23.9% 

Female Male  25.5% 76.1% 

Male Female 16.3% 24.5% 

Male Male 50.2% 75.5% 

 

Table 7: Number of observed ties  

From  To Number of ties Number of reciprocal 

ties 

% per case (ego-alter 

composition) 

Female  Female 39 18 (9 pairs) 23.08% 

Female  Male  124 48 (24 pairs) 19.35% 

Male Female  79 48 (24 pairs) 30.38% 

Male  Male 244 44 (22 pairs) 18.03% 
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Chapter 3 Appendix 3: Network visualizations 
Figure 1: Candidates' network (directed) with only the outgoing ties of males displayed, blue nodes 

represent males and red nodes females, node size adjusted based on the number of incoming ties.
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Figure 2: Candidates' network (directed) with only the outgoing ties of females displayed, blue nodes 

represent males and red nodes females, node size adjusted based on the number of incoming ties. 

 

 

 

 

Chapter 3 Appendix 4: Evolution of doctoral candidates’ developmental networks 

over time 

 

To obtain representative values of the network’s composition and structural measures, 

the doctoral candidates’ sample was divided into 8 different subsamples. Each subsample 

consists of the candidates that started their PhD training in a given year (t) and the candidates 

that started up until two years before (t-1 and t-2) and two years after (t+1 and t+2) the given 

year (t).  

Table 8 shows the composition and key structural characteristics of the subnetworks, to 

observe the evolution of the doctoral candidates’ developmental network over time. First, 
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density is the number of ties a candidate has as a proportion of all possible ties. Reciprocity is 

the proportion of the realised ties that are reciprocal. Then, a transitive tie refers to a tie between 

two candidates that share a connection with a third candidate and is measured by the realised 

transitive ties as a proportion of all possible transitive ties. Centrality measures show how 

connected the network members are, with degree centrality accounting for both the incoming 

and outgoing ties of each candidate, meaning the total number of links, and eigenvector 

centrality weighting the candidate’s incoming ties according to the centrality of the focal 

candidate(s)’ own centrality.  Based on the values of the structural measures in table 8, we can 

safely infer that the subnetworks have similar characteristics and in turn that the candidates’ 

developmental subnetworks over the 11-year period behave similarly.   

Table 8: Characteristics and structural measures of subnetworks; Cohort indicates the year t of each 

subsample and includes candidates that started their PhD in t and t +/- 2 years, N is the number of 

candidates in each subsample, Ties are the total number of observed ties (directed), Reciprocal ties 

refer to the number of mutual acknowledging ties, Isolates represent the number of candidates not 

connected with any other candidate. 

Cohort N M F  Ties Recip. 

ties 

Isolates Density 

nu ties/nu of all 

possible ties   

Reciprocity 

nu of mutual ties/nu 

of all observed ties   

Transitivity 

 

Degree 

centr.  

Eigenvector 

centr.  

1994 55 46 9 77 10 11 0.026 0.267 0.267 0.069 0.552 

1995 82 62 20 159 21 15 0.024 0.264 0.291 0.064 0.572 

1996 74 56 18 156 20 10 0.029 0.256 0.257 0.069 0.536 

1997 80 58 22 155 16 12 0.025 0.206 0.141 0.053 0.328 

1998 82 55 27 152 18 15 0.023 0.237 0.21 0.059 0.437 

1999 96 67 29 205 25 14 0.022 0.244 0.218 0.063 0.51 

2000 84 60 24 176 27 15 0.025 0.296 0.296 0.098 0.538 

2001 80 54 26 170 27 14 0.027 0.318 0.316 0.109 0.508 

Mean       0.025 0.258 0.247 0.072 0.498 

 

A problem that arises when inferring about a network’s structural measures is that to a 

certain extent the ties might be present by chance. To account for this, conditional uniform 

testing (Wasserman and Faust 1994) was used which involves a t-statistic test for each 

structural measure between the observed values and 100 random simulated networks generated 

using the mean and standard deviation of the 8 subnetworks’ density (Table 9).  The t-statistics 

results are highly significant and in combination with the simulated means of the measures 

which are an order of magnitude lower than the observed measures allow us to conclude that 

this network cannot be realised by chance and proceed with the analysis. 



99 
 

 

Table 9: Network’s structural measures, the observed means correspond to the means of the 8 different 

values of the respective subnetworks and the simulated means correspond to the mean values of the 100 

random networks. 

Structural measures Mean (observed) Mean (simulated) t-test (n=100) 

Density 0.025   

Reciprocity (edgewise; proportion 

of ties that are reciprocated) 

0.258 0.025 20.84 

Transitivity  0.247 0.025 12.33 

Degree centralization “freeman” 

(in- and out- degree)  

0.072 0.026 7.32 

Eigenvector centralization  0.498 0.121 15.181 

 

Chapter 3 Appendix 5: Probability estimation from the ERGM coefficients  

(Lusher et al., 2013, Robins et al., 2007, Shields, 2016) 

 

ERGMs (Exponential Random Graph Models) express the probability of an observed 

network, probability of Tie formation, as a function of the network’s structural characteristics 

and the attributes of the network members (nodes). Thus, the model can be expressed, in a 

simplified version, as:  

𝑦 = 𝛽1𝑥1 + 𝛽2𝑥2 + ⋯ + 𝛽𝑛 𝑥𝑛   Equation 1 

The dependent variable 𝑦 is Tie formation, 𝛽 1 − 𝛽𝑛  are the ERGM coefficients, and 

𝑥 1 − 𝑥𝑛 represent the independent variables which can be both network structural 

characteristics and node level effects. The dependent variable can be expressed as the log odds 

ratio of a tie and therefore, the probability equation is:  

𝑃𝑟 =
𝑒𝑦

1+𝑒𝑦
   Equation 2 

 

Based on these Equations, the probability of Tie formation is estimated from the 

resulting ERGM coefficients. As an example, we will estimate the probabilities of a 

reciprocated acknowledgement for males and females, based on the coefficients from Model 

1, Table 1 in the paper (Table 10 in Chapter 3 Appendix 5).  
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Assuming that the acknowledgement is reciprocal, then Equation 1 for female 

candidates becomes:  

𝑦 = −5.61819 + 2.9549 + 1.47999 + 0.30617 = −0.87713 

and subsequently the probability of females to get reciprocally acknowledged is:  

𝑃𝑟 =
𝑒−0.87713

1 + 𝑒−0.87713
= 0.2937729 = 29.4% 

 

To estimate the same probability for males:  

 

𝑦 = −5.61819 + 2.9549 + 1.47999 = −1.1833 

and 

𝑃𝑟 =
𝑒−1.1833

1 + 𝑒−1.1833
= 0.2344594 = 23.4% 

Following this process, the probabilities of various network configurations, stemming 

from the ERGM models presented in the study, are estimated allowing the inference about 

gender differences in establishing developmental networks.  

 

Table 10: Coefficients of model 1 before rounding up 

Model 1 

Network parameters   

Tie formation  -5.61819 

Reciprocity 2.9549 

 

Candidates' attributes  

Same time period of studies 1.47999 

Ego's gender 0.30617 

 

Table 11: Probabilities of candidates to get reciprocally acknowledged based on model 1 

Female candidates (egos) Male candidates (egos) 

29.4% 23.4% 
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Table 12: Probabilities of candidates to get reciprocally acknowledged based on model 2 

Female candidates (egos) Male candidates (egos) 

 Supervisor   Supervisor  

Start date Same  Different  Start date Same  Different  

Same  52.95% 10.03% Same  46.45% 7.91% 

Different  44.52% 7.36% Different  38.21% 5.77% 

 

Table 13: Probabilities of acknowledging fellow candidates if the Tie were not reciprocal based on 

model 4 

Ego-Alter gender 

composition  

Probability of Tie 

formation   

Female-Female  1.8% 

Female-Male 2.3% 

Male-Female 1.3% 

Male-Male 1.6% 

 

Chapter 3 Appendix 6: Assessment of the models  

 

AIC and BIC criteria  

The AIC (Akaike Information Criterion) is expressed as: 

 𝐴𝐼𝐶 = −2(𝑚𝑎𝑥𝑖𝑚𝑖𝑧𝑒𝑑 𝑙𝑜𝑔𝑙𝑖𝑘𝑒𝑙𝑖ℎ𝑜𝑜𝑑 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑜𝑑𝑒𝑙) + 2𝑘  

in which, loglikelihood is a model fit measure of the specified model and k refers to the number 

of the model predictors (Lusher et al., 2013, Hunter et al., 2008). This formula shows that AIC 

penalises models with more predictors.  

The BIC (Bayesian Information Criterion) is expressed as: 

 𝐵𝐼𝐶 = −2(𝑚𝑎𝑥𝑖𝑚𝑖𝑧𝑒𝑑 𝑙𝑖𝑑𝑙𝑖𝑘𝑒𝑙𝑖ℎ𝑜𝑜𝑑 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑜𝑑𝑒𝑙) + 𝑙𝑜𝑔𝑁 

where N is the sample size, therefore penalizes models with increasing number of observations 

(Hunter et al., 2008, Lusher et al., 2013). 

The lowest the values of both criteria the best fitted the model is. None of them 

evaluates the absolute quality of the ERGMs rather than their values are assessed comparatively 

between the models with AIC and BIC often agreeing on the preferred model (Hunter et al., 

2008, Lusher et al., 2013). 

In Table 14 we see that as more predictors are added in the models both the AIC and 

BIC values decrease with the differences of the AIC and BIC values between the models 3 and 

5 being very small as expected since the number of both predictors and observations increases.  
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Table 14: Models 1-5, AIC, BIC and Degeneracy 

 Model 1 Model 2 Model 3 Model 4 Model 5 

Goodness of fit      

AIC 4594 4039 4029 4590 4033 

BIC 4627 4089 4095 4632 4091 

Instability  0.056 0.15 0.29 0.067 0.082 

Coefficients, standard errors in parentheses, p-values; 0 “***”, 0.001 “**”, 0.01 “*”, 0.05 “.”  

 

Degeneracy 

In some cases, a model cannot be fitted into a particular dataset indicating that the 

model is not a good description of the data thus being degenerate. We conducted instability 

checks to examine the models for degeneracy (values >1). The instability values in table 14 

show that none of the models is degenerate and thus all models are well fitted into the 

observed candidates’ network.    

 

Goodness of fit model statistics 

The Goodness of fit (Gof) for model statistics tests of ERGMs examine whether the 

generated models fit the observed data well. The Gof uses the ERGM coefficients to simulate 

networks and compares the distribution of some network statistics between the observed and 

the simulated networks. As can be seen in tables 15-19 the Gof for model statistics results show 

that all the models fit well the observed network of the candidates. 

Table 15: Goodness of fit for model statistics of Model 1 

 Obs. Min Mean Max MC p-value 

Tie formation 486 411 486.67 552 0.96 

Reciprocity 57 37 59.06 78 0.88 

Same time period of studies 444 377 445.75 509 1.00 

Ego's gender 163 137 160.32 192 0.90 

 

Table 16: Goodness of fit for model statistics of Model 2 

 Obs. Min Mean Max MC p-value 

Tie formation 486 430 484.29 531 1.00 

Reciprocity 444 397 442.05 497 1.00 

Same time period of studies 57 41 57.95 73 0.92 

Ego's gender 163 127 162.08 194 0.94 

Start date  252 211 250.19 289 0.92 

Supervisor  90 71 90.98 114 1.00 
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Table 17: Goodness of fit for model statistics of Model 3 

 Obs. Min Mean Max MC p-value 

Tie formation 486 426 486.90 544 1.00 

Reciprocity 444 379 444.48 486 1.00 

Same time period of studies 57 41 57.15 74 0.98 

Ego's gender 163 134 162.28 194 0.96 

Start date  90 67 88.20 112 0.84 

Supervisor  27 14 27.18 44 1.00 

College  252 222 252.53 290 0.94 

Country of origin  69 50 68.49 90 1.00 

 

 

Table 18: Goodness of fit for model statistics of model 4 

 Obs. Min Mean Max MC p-value 

Tie formation 486 431 484.59 537 0.98 

Reciprocity  57  36  55.63  72 0.82 

Same time period of studies 444 392 444.01 499 0.98 

Ego's gender 163 129 162.48 197 0.98 

Alter’s gender 118  86 118.62 145 1.00 

 

 

Table 19: Goodness of fit for model statistics of model 5 

 Obs. Min Mean Max MC p-value 

Tie formation 486 427 486.92 548 1.00 

Reciprocity  57  43  58.37  82 0.98 

Same time period of studies 444 394 444.92 502 1.00 

Ego's gender 163 130 164.81 203 0.88 

Alter’s gender 118  88 118.88 159 1.00 

Start date   90  61  87.85 113 0.92 

Supervisor  252 213 255.16 310 0.82 

 

Simulation for Goodness of fit 

We check a model’s goodness of fit by simulating a given network’s dataset employing 

the model’s coefficients (Lusher et al., 2013). This technique exploits the generative feature of 

ERGMs and uses the coefficients of the model under consideration to generate new network 

data which in turn are used for the comparison between simulated and original structural 

measures. Table 20 compares the reciprocity values of the observed and the simulated networks 

stemming from models 2, 3 and 5 which are reasonably close, validating the ERGMs’ analysis. 
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Table 20: Network simulation of models 2, 3 and 5: 1st column reports the reciprocity values of the 

whole candidates’ network; 2nd column shows the mean reciprocity values of the 8 subnetworks and 

the 3rd column shows the mean of the reciprocity values of 100 simulated networks generated using the 

coefficients of models 2,3 and 5 respectively with the standard deviation in parentheses. 

 

 Obs. of whole 

network  

Mean observed 

(Appx 4, Table 8) 

Mean of 100 

simulated 

networks 

Model 2    

Reciprocity 0.24 0.26  0.25 (0.02) 

Model 3    

Reciprocity  0.24 0.26  0.23 (0.02) 

Model 5    

Reciprocity 0.24 0.26  0.24 (0.02) 
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Chapter 4: Implications of socialization during doctoral training on 

graduates’ career choices 

 
 

 

 

 

 

 

 

Abstract  
 

Doctoral training constitutes a long and intense professional socialization process into 

academia. The oversupply of doctoral graduates of the last decades does not match the market 

demand, thus, it is important to understand the factors affecting graduates’ decision to pursue 

an academic career since it yields insights into the direction of science. Existing literature 

focuses on the effects of supervision and institutional factors on graduates’ career decisions, 

yet modest attention has been given to the effects of their socialization experiences within the 

doctoral cohorts, an integral part of doctoral training. In the present study, we examine whether 

relationships among doctoral candidates during graduate school shape their later career 

choices. We built a unique mainly hand-collected multi sourced dataset exploiting dissertation 

acknowledgements to map the cohort networks of the entire population of doctoral graduates 

from the University of Missouri-Columbia in the US over a 15-year period (1996-2010). We 

find positive, consistent, and significant evidence that doctoral candidates’ relationships with 

their cohorts partially explain the likelihood that they will pursue an academic career within 

five years after their graduation. Our findings show the importance of the relationships among 

doctoral candidates as an essential element of their socialization into the academic profession.  
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Introduction 
 

The number of science PhDs awarded is constantly increasing without the demand 

matching the supply which results in decreasing number of PhD graduates absorbed in 

academia, making academic careers highly competitive (Cyranoski et al., 2011). At the same 

time, academic posts still constitute the number one dream job for PhD graduates as revealed 

in Nature’s 2017 global survey to PhDs, where 52 per cent of the respondents reported 

academia as first career preference in contrast with 22 per cent of them indicating their 

preference for industry  (Woolston, 2017). These numbers continue to increase over the years 

as revealed from Nature’s 2019 follow up survey, where 58 per cent of the respondents reported 

academia as their first career choice with industry rating a distant second choice with 28 per 

cent of respondents expressing this preference (Je, 2019).    

Traditionally, it has been assumed wisdom that individuals embark on the PhD journey 

primarily to pursue an academic career with doctoral training constituting the first step into the 

profession (Austin, 2002). This challenging, deep, and long training period involves 

concentrated study, research, and socialization into the academic life. Doctoral candidates rely 

on relationships with supervisors, faculty, fellow candidates, friends, and family to overcome 

the challenges during this intense training period (Baker and Lattuca, 2010, Dobrow et al., 

2012). Some of these relationships can have a profound effect on their later careers. To 

highlight, doctoral candidates’ prospects to stay in academia are shaped by their supervisors 

and their relationship with them since they play an integral role in introducing candidates to 

discipline specific practices and norms (Tenenbaum et al., 2001), usually encouraging them to 

pursue an academic career over a career in industry (Sauermann and Roach, 2012, Gardner, 

2009). Doctoral candidates with high status supervisors are more likely to stay in academic 

employment after graduation, as their prominence affects candidates’ early and later career 
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publishing success (Hilmer and Hilmer, 2011, Waldinger, 2010). Moreover, there is a strong 

pecking order between elite doctoral programs and the hiring decisions of related departments 

(Bedeian et al., 2010). Supervisors’ status may also provide a “halo” effect over the candidates, 

allowing them to enter privileged academic networks, gain access to critical resources, such as 

placements at leading institutions, and build relationships with key figures in the field (Pinheiro 

et al., 2017). In addition, shared social affinity with supervisors may provide candidates with 

greater access to supervisors’ time, attention and recourses, ultimately helping them to land an 

academic post after graduation (Gaule and Piacentini, 2018). 

Although the literature on PhD graduates’ entry into academia focuses on the 

importance of the supervisors and the status of the graduating institution, academic careers are 

also shaped by the wider local academic context (department, lab group, university, etc.) 

(Broström, 2019). By generally focusing on the PhD candidate-supervisor dyad when 

examining the effects of candidates’ interpersonal relationships during graduate school on 

career outcomes, an integral part of the doctoral training, namely candidates’ socialization 

experiences within doctoral cohorts, has been given limited attention. Thus, we suggest that 

doctoral candidates can also gain from their relationships with their cohorts since this 

socialization provides a first taste of what academia is really like besides research and teaching 

responsibilities.  

Doctoral candidates are admitted to PhD programs along with other early career 

scholars, and these cohorts are liable to provide both a reference point for candidates in shaping 

their career aspirations as well as allow them access to critical resources. The importance of 

the PhD cohorts has long been mentioned in research of doctoral candidates, yet only modest 

attention has been given to the roles of these cohorts in shaping the behaviour and attitude of 

the candidates (Baker and Pifer, 2011, Baker and Pifer, 2014, Weidman et al., 2001). This is 

an important omission given the evidence of peer effects among academics (Bercovitz and 
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Feldman, 2008, Tartari et al., 2014, Hoenen and Kolympiris, 2019, Kolympiris et al., 2019, 

Agrawal et al., 2017).  

Doctoral experience is a shared exposure among a cohort to a series of related and 

intense experiences. Against this background, we argue that the number of relationships a 

doctoral candidate forges with other members of their doctoral cohort will increase the 

likelihood that they will take up an academic position after graduation. This effect is driven by 

three factors. First, building and sustaining relationships to other members of an academic 

cohort enables social comparison, allowing thus doctoral candidates to more quickly 

understand and internalize the norms and expectations of the academic life (Festinger, 1954). 

Second, the level of doctoral candidates’ socialization with their doctoral cohort enriches the 

experience of their doctoral education enabling deeper learning during the process (Baker and 

Lattuca, 2010). A doctoral candidate, by interacting with fellow candidates, socializes into the 

profession, gains and shares knowledge and experiences, supplementing the career and 

psychosocial support they receive from their supervisors or oftentimes compensating for the 

lack of it. These lateral exchanges help to enable a doctoral candidate to gain access to 

additional recourses, such as guidance, advice, feedback, referrals, access to discipline specific 

network, that are critical to help them later gain a foothold in the academic labour market. 

Third, relationships with other doctoral candidates help a candidate to mitigate some of the 

negative aspects of the doctoral experience, such as the isolation, the loneliness and mental 

strain, by providing rich psychosocial support from people facing the same pressures and 

challenges(Gardner and Barnes, 2007, Baker and Lattuca, 2010). In doing so, relationships 

among doctoral candidates help increase the attractiveness of pursuing careers in academia, 

alleviating some of the negative aspects associated with these career pathways.   

We explore whether relationships among doctoral candidates affect their career choices 

using comprehensive hand-collected information of all doctoral graduates from the University 
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of Missouri-Columbia in the US during a 15-year period. This university constitutes an 

appropriate context since it is medium sized, demonstrates high research activity and offers a 

wide range of programs, being one of a few US universities offering Medicine, Veterinary 

Medicine and Law programs on the same campus. We extract relationship information of 

doctoral candidates’ cohort networks using the acknowledgements sections of their PhD 

dissertations. We built a unique dataset, combining multiple data sources, by collecting more 

than 3,000 dissertations across 12 schools/ colleges and 84 departments submitted from 1996 

till 2010 and both manually and via coding and software development, we map doctoral 

candidates’ cohort networks.   

The empirical challenge when mapping social networks is that the formation of 

relationships is a highly endogenous process (Manski, 2000). However, the PhD setting offers 

us a significant research design advantage, which allows us to partially circumvent this 

challenge. The allocation process of doctoral candidates into cohorts is exogenous. Prospective 

candidates apply for a PhD based on the subject and the supervisors, at the same time, we 

acknowledge their self-selection into specific programs and/or universities. Moreover, 

although the institutions’ screening processes to accept them are the same and they have similar 

educational background and performance, the factors explaining relationship formation, such 

as doctoral candidates’ demographics, personal characteristics, attributes, identity and status 

group memberships (McPherson et al., 2001) of the resulting cohort composition are 

exogenous. After their enrolment, candidates may self-select into relationships, but the risk of 

a potential relationship is exogenous to them since they are not accepted into programs based 

on demographics or their proclivity to be social and supportive.  

To preview the findings, we find consistent and significant evidence that the ties to 

other members of the doctoral cohort partially explain the likelihood that a doctoral candidate 

will take up an academic position within five years after graduation. Our results suggest that 
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ties among doctoral candidates within a cohort can help to mitigate some of the negative aspects 

of the graduate school’s experience, enticing these individuals to stay in the academic 

profession after their doctoral program is completed.  

This study makes four contributions to the literature. First, a key contribution of this 

study is the opening of a new window on the role of peers in doctoral candidates’ formative 

career stages, demonstrating that ties forged in an individual’s early academic career stages 

may shape future career outcomes. Understanding doctoral candidates’ career preferences is 

challenging because they might be held back from expressing their aspirations if they are not 

aligned with their supervisors’ opinions or departmental norms (Conti and Visentin, 2015). 

Second, our study demonstrates that supervisors’ effects on doctoral candidates’ future careers 

can be mitigated by lateral exchanges among the PhD cohort, suggesting an additional 

compensation mechanism for early career academics to gain the resources beyond their 

supervisors’, to prosper in the academic profession. Third, our study helps to shed light on the 

doctoral candidates’ socialization experiences during graduate school, an issue that has 

previously been given only modest attention in the literature. Fourth, we introduce a novel use 

of the genre of acknowledgements since we exploit dissertation acknowledgements to map 

doctoral candidates’ developmental networks.  

Theoretical Background  
 

Entering The Academic Profession 

 

There is extensive literature in labour economics and elsewhere that addresses the entry 

into academia examining the issue at hand from various viewpoints. For instance, Agarwal and 

Ohyama (2013) modelled how early career researchers, PhDs and postdocs, make career 

choices, academia vs industry, depending on their ability and preferences for nonmonetary 

returns. They found that in academia, scientists with higher ability choose basic over applied 
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research and that the slope of basic research initial earnings starts low but is steeper than the 

applied research earnings’ one (Agarwal and Ohyama, 2013). In industry, on the other hand, 

scientists’ ability has no effect on them choosing basic over applied research and the earning 

trajectories are similar (Agarwal and Ohyama, 2013). Moreover, they showed that scientists 

with preference for non-monetary returns choose academia over industry (Agarwal and 

Ohyama, 2013), consistent findings with the survey study of Roach and Sauermann (2010) who 

showed that scientists’ “taste for science” affects their selection into academia or industry 

respectively (Stern, 2004). Sauermann and Roach (2012) who also examined PhDs’ career 

preferences, found that although they highly value academic careers, their attractiveness 

decreases over the course of the doctoral training despite departmental and supervisors’ 

encouragement for an academic career over a career in industry. As expected, doctoral 

graduates’ career decisions are also informed by the labour market conditions at graduation 

which differ across years and can highly impact the first job post after graduation (Conti and 

Visentin, 2015).  

The number of PhDs awarded across OECD countries between 2013 and 2017 has 

increased by roughly 8 per cent, reaching ≈278k PhDs in 2017 (OECD, 2019). Naturally, since 

the number of doctoral graduates is greater than the number of faculty positions available, there 

is significant competition between members of the same cohort as well as graduates from 

different institutions. Moreover, there is evidence that recently graduated PhDs apart from the 

difficulties they are facing  in finding stable academic posts, might be prompted to seek 

employment opportunities outside academia due to the high demand for teaching that 

accompanies research positions in universities which is not always sought after (OECD, 2019). 

Although oobtaining a PhD is a prerequisite for individuals to enter academia, nowadays 

doctorate holders have access to a wide range of labour market opportunities with their 

advanced and diverse skill set being valuable in academia, industry, public administration, and 
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self-employment. Hence, many doctoral graduates turn away from the “traditional” career 

destination and seek employment in industry where they also have typically better earning 

trajectories. To illustrate, in Israel, Japan, Korea and the US over 70 per cent of doctoral 

graduates land a job in industry (OECD, 2019).  

Research has shown that doctoral candidates’ career aspirations are nuanced along the 

doctoral training pathway and often shift midway through graduate studies (Baker and Pifer, 

2011, Baker and Pifer, 2014, Sauermann and Roach, 2012, Roach and Sauermann, 2017). 

However, this phenomenon is not universal for all doctoral candidates. Some remain highly 

interested in academic careers and others stop being interested in academia without necessarily 

their choice being driven by fierce competition in the academic job market at graduation, job 

availability, requirements for post docs or available research funding (Sauermann and Roach, 

2012, Roach and Sauermann, 2017, Seo and Yeo, 2020). This shift in career aspirations can be 

rather related to misalignment between academic job characteristics (teaching, research, etc.) 

and doctoral candidates’ job attributes changing preferences along with changes of their 

perceived self-efficacy (Roach and Sauermann, 2017). Regarding the preferences of the job 

attributes, doctoral candidates during the training by gaining a deeper understanding of the 

profession might realize that academia is not what they expected to be and is not fully aligned 

with their personal values, skills, interests (i.e., pace of research in academia vs in industry) 

and preferences (Seo and Yeo, 2020, Roach and Sauermann, 2017). Thus, doctoral candidates’ 

career aspirations are confirmed or shifted after they get first-hand experience of the academic 

life with their decision being also affected by their level of readiness and their career values 

(Seo and Yeo, 2020).  

Doctoral candidates’ socialization experiences during graduate school; learning, 

cumulative influences and support provided by the institutions/departments, the supervisors, 

and the fellow candidates, shape their career aspirations and choices. Institutional prestige 
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along with supervisors’ status and involvement in graduates’ job search play a significant role 

in academic careers (Pinheiro et al., 2017). Starting with institutions, within the academic 

system there is a strong status hierarchy among universities, with doctoral graduates trained at 

leading institutions often taking up positions at lower status institutions and intense competition 

between graduates of leading programs for faculty positions at elite institutions. If the system 

works perfectly the best doctoral graduates will land positions at the best institutions and the 

lesser graduates will land positions at lesser institutions (Cole and Cole, 1974, Bedeian et al., 

2010).  

Supervisors play a key role only for doctoral candidates pursuing academic careers at 

research-oriented institutions (Pinheiro et al., 2017). First, working alongside high-status 

supervisors affects candidates’ publishing success (Waldinger, 2010, Hilmer and Hilmer, 

2011) which in turn affects their initial job placement. Second, prominent supervisors often 

have hinterland with colleagues, co-authors, former PhD candidates and others in the academic 

community that know of them and their work. As such doctoral candidates can call upon 

resources and networks that others with lower status supervisors may find difficult to procure. 

Supervisors’ recommendations of their candidates might facilitate labour market entry and they 

also support them by providing directions and job negotiation advice.  

Although supervisors play an integral role in supporting doctoral candidates wishing to 

pursue an academic career, their contribution is limited to the institutional type they are familiar 

with, such as research-oriented vs teaching-oriented institutions (Pinheiro et al., 2017, 

Sauermann and Roach, 2012, Fuhrmann et al., 2011). Hence, doctoral candidates interested in 

non-academic careers often report lack of supervisory support in pursuing their career 

aspirations (Fuhrmann et al., 2011, Thiry et al., 2015). Oftentimes candidates who wish to leave 

academia after obtaining their PhD are unaware of their alternative career options or how to 

best prepare for them. To prepare for non-academic careers doctoral candidates should be able 
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to learn and comprehend about potential career paths and the respective lifestyles and 

responsibilities associated with them to weigh the pros and cons and make informed decisions. 

In their qualitative study Thiry et al. (2015) examined chemistry doctoral candidates’ career 

decision making processes and found that candidates are not fully aware of the potential career 

paths outside academia, how these posts might be like and how to properly prepare for such 

careers. By not being able to turn to supervisors or other faculty networks to learn and observe 

behaviours essential for industry careers, candidates face difficulties in exploring alternative 

career paths where they usually do not have social connections and they turn to their peers or 

personal networks for advice and guidance (Baker and Lattuca, 2010, Thiry et al., 2015). This 

absence of career related support is also expressed in the level of career preparedness of close 

to submission doctoral candidates due to occupational knowledge levels with candidates 

pursuing an academic career being about to enter the market or already in the job market in 

contrast with candidates wishing a career outside academia still exploring their alternatives 

(Seo and Yeo, 2020).  

Socialization into the profession and the role of developmental networks  

 

The doctoral experience is challenging but also potentially very rewarding. Doctoral 

candidates undertake a deep and long period of training, involving concentrated study, 

independent research, and socialization into the academic life. Socialization is defined as a 

process by which individuals acquire and eventually internalize knowledge, skills, norms, 

values, and behaviours  acceptable in the groups, organizations, or communities in which they 

belong or aspire to become members (Bragg, 1976, Merton et al., 1957). By extension, 

professional socialization is an individual’s socialization to a specific professional role, by 

learning specific skills, gaining knowledge, grasping and internalizing norms, values, 

behaviours and interests acceptable to the specific profession with the outcome of a successful 

professional socialization being the professional identity development (Bragg, 1976). Thus, 
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professional identity construction depends on various socialization experiences such as 

interactions with other professionals, formal and informal activities, etc., and how they are 

perceived by the focal individual (Bragg, 1976).  

By definition, the socialization process is a social - meaning that it doesn’t occur in 

vacuum - continuous, learning process, where the individual being socialized first identifies 

role model(s) in the environment to observe and learn acceptable behaviours (Bragg, 1976). 

Then, adapts by imitating these behaviours, seeks feedback by other members of the group and 

refines or alters attitudes to finally accept and internalize them, starting to act accordingly 

(Bragg, 1976). Hence, socialization is a cyclical process in that corrective feedback might also 

force the focal individual to find a new role model(s) instead of adapting their behaviours 

(Bragg, 1976). One of the key elements of the socialization process is the interactions of the 

socialized individual with their environment.  

The main goal of doctoral training is for candidates to evolve into independent 

researchers, therefore, the cumulative experience is of great importance for them to socialize 

into the academic profession (Austin, 2002). Doctoral candidates undergo simultaneously 

through multiple socialization processes, they socialize: to the roles of doctoral candidates of 

a research group and the respective school/colleges/departments; to values, norms and 

behaviours of a specific field/discipline; and to life in academia since they learn what is 

expected by them to eventually enter the profession (Austin, 2002, Gardner and Barnes, 2007). 

During the course of the training, doctoral candidates interact with supervisors, faculty, peers, 

family and friends to make sense of their experiences (Austin, 2002).  

Doctoral candidates’ socialization during graduate school is an ongoing, developmental 

in nature process. Many researchers have examined the phases of this socialization process 

over the years and although they have been named differently, the suggested phase-
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categorizations are based on the same characteristics and developmental stages doctoral 

candidates go through during graduate school (Gardner, 2008, Weidman et al., 2001). The first 

phase starts when prospective doctoral candidates apply and prepare for the doctoral programs 

and lasts until their enrollment and the start of coursework, when individuals have only 

stereotypical expectations of what their future role in academia would entail (Gardner, 2008, 

Weidman et al., 2001, Sverdlik et al., 2018). In the next phase, doctoral candidates start their 

socialization to the new environment by joining classes and collaborating with their supervisors 

while observing and building relationships with faculty and peers to comprehend the new 

acceptable norms, values, and attitudes. The comprehensive exams signify the end of this phase 

and towards the end of it, candidates start adapting to the acceptable behaviors, integrating to 

the academic community (Baker et al., 2013, Gardner, 2008, Weidman et al., 2001). In the last 

phase, candidates conduct research, write up, defend their PhD and search for job posts. 

Doctoral candidates during this phase respond to their environment’s feedback and internalize 

their role as independent researchers developing their professional identity (Baker and Pifer, 

2014, Gardner, 2008, Weidman et al., 2001). The socialization processes described in each 

phase can take place in other phases too since the process is dynamic and highly depends on 

the stimuli doctoral candidates receive from their environment, their response to them and their 

investment and involvement levels (Gardner, 2008, Gardner and Barnes, 2007).  

Socialization during graduate school enables doctoral candidates to gain knowledge, 

observe, learn and imitate behaviours, seek and receive feedback to alter and internalize 

attitudes, values and norms and ultimately become contributing members of the academic 

community feeling recognized by others and competent to engage in academic activities, 

integrating thus in the academic community (Bragg, 1976, Weidman et al., 2001). Interactions 

with supervisors, faculty, and peers within a discipline specific environment, are essential for 

all the phases of the doctoral education.  
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Higgins and Kram (2001) combined mentoring and social networks theories and 

proposed the concept of developmental networks which explore the effects of mentoring 

relationships on an individual’s personal and professional development. Developmental 

networks, as identified by a focal individual, are groups of people who provide role modelling, 

career and psychosocial support taking an active interest in the individual’s career and life 

progress, constituting a subset of their larger social network (Dobrow et al., 2012, Higgins and 

Kram, 2001). There is a large literature stream on developmental networks examining  the 

factors shaping networks’ configuration such as members’ demographics and attributes; the 

types of support provided - career, psychosocial or both; and the effectiveness of these 

developmental relationships or the outcomes (Dobrow et al., 2012).  

Baker and Lattuca (2010) combining the concept of developmental networks and 

sociocultural perspectives of learning, proposed that there is a strong connection between 

learning and identity development for doctoral candidates during graduate school. Doctoral 

candidates socialize in graduate school and draw support from their developmental 

relationships to learn about acceptable in the academic setting norms, values and attitudes, 

adjust their own perceptions, seek and receive feedback to be validated by the academic 

environment in their effort to develop their professional identity (Baker and Lattuca, 2010, 

Bragg, 1976). These developmental networks comprise by supervisors, faculty, and fellow 

(senior and same cohort) candidates with their configuration differentiating according to 

candidates’ needs in each phase of the doctoral training and provide critical support functions 

such as moral support to overcome isolation, access to career related resources and information, 

thesis write-up, job search, etc. (Baker and Lattuca, 2010, Baker et al., 2013, Baker and Pifer, 

2014, Thiry et al., 2015). Empirical research has shown that most of the support functions 

mentioned are received by peers since being in the same hierarchical level facilitates easier 

communication; mutual support exchange; and also peers are in abundance in the doctoral 
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setting thus more accessible to candidates to receive and provide career and psychosocial 

support (Baker and Lattuca, 2010, Gardner and Barnes, 2007, Kram and Isabella, 1985). Last, 

doctoral candidates oftentimes cover for lack of guidance, professional development support, 

mentoring and feedback from supervisors by turning to the informal relationships they have 

built with their fellow candidates to manage their struggles, successes and failures during the 

training (Austin, 2002).  

Hypothesis development  
 

The doctoral training is an intense experience that can last many years, with candidates 

often receiving very modest financial support and working long hours with little immediate 

prospect of career success either this refers to successful PhD defence in the near future, or 

success in landing a job in academia, in industry, in the public sector, etc.   In effect, the doctoral 

experience shares some of the key characteristics of a ‘total institution’, whereby individuals 

become immersed into a new social context to the exclusion of many of the aspects of their 

lives (Goffman, 1961).  

Doctoral candidates share exposure to a wide range of overlapping experiences. They 

are liable to share offices, attend classes together, work side-by-side in the lab, and participate 

in various social activities of the department and faculty with their fellow doctoral candidates 

(Baker and Lattuca, 2010, Sweitzer, 2009, Kabo et al., 2015). Through these close, personal 

interactions, doctoral candidates may also form relationships going beyond professional roles, 

including friendships, feelings of mutual obligations and shared identity since they are facing 

the same challenges. These relationships are spontaneously and informally formed, are more 

available to individuals than formal supervisor-candidate ones and appear to provide critical 

career and psychosocial developmental support (Baker and Lattuca, 2010, Kram and Isabella, 

1985, Ragins and Cotton, 1999). In addition, these relationships are especially likely to be 
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formed during the first years of the doctoral programs, when the schedule of joint activities is 

intense and doctoral candidates are still adjusting to their new social environment, learning 

norms and expectations associated with scientific research and academic life (Gardner, 2008, 

Weidman et al., 2001). In this period, they are “passing through the looking glass” to enter 

“republic of science” (Polanyi, 1962). During later stages of the doctoral studies, candidates 

are often focused on their own research projects and might have fewer formal opportunities to 

interact and engage with fellow candidates, except those working besides them in the labs and 

offices, remaining close with the colleagues that shared the initial struggles of the doctoral 

training (Gardner and Barnes, 2007, Baker and Lattuca, 2010).  

Thus, the doctoral cohort can be an important resource for doctoral candidates in 

transitioning to an academic position for three reasons. First, according to the professional 

socialization process, doctoral cohorts represent a critical reference point for candidates to help 

them develop a sense of their own academic identity. Through these relationships, it is possible 

to observe the experiences and attitudes of like others, and this will provide social cues about 

expectations and norms (Bragg, 1976, Festinger, 1954). These interactions also help to spur 

the formation of a shared identity with others engaged in the same pursuit. Underlying such 

social comparisons may be partly underpin latent feelings of competitiveness, as doctoral 

students compare themselves to like others assessing their ability to succeed in the academic 

profession (Baker and Pifer, 2014, Dobrow et al., 2012). Since engagement with other doctoral 

candidates during the training can help to enable such comparisons, it may stimulate higher 

levels of norm alignment to the science system, creating momentum towards building and 

sustaining an academic career.  

Second, relationships with other members of the doctoral cohort may enable richer 

learning experience during the doctoral programme by facilitating lateral exchanges (Baker 

and Lattuca, 2010, Baker and Pifer, 2014, Baker et al., 2013, Dobrow et al., 2012, Greengard, 
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2002, Marcinkus Murphy, 2012). Although supervisors are critical sources of knowledge and 

expertise during the doctoral program, doctoral candidates can also learn from their colleagues 

(Baker and Lattuca, 2010). Fellow doctoral candidates may provide advice that is well tailored 

to needs and experiences of the focal candidates, as these individuals are facing similar issues 

and challenges. Fellow candidates may also provide a ‘sounding board’ for doctoral candidates 

to try out new ideas upon or to discuss their problems with, without fear of censure or exposure 

to more senior individuals such as supervisors or other faculty. Indeed, these lateral exchanges 

come at a lower cost and are more accessible than hierarchical exchanges, as fellow doctoral 

candidates’ time together is liable to be less pressured and structured than their time with their 

supervisors and/or with other faculty (Baker and Pifer, 2014, Baker et al., 2013, Thiry et al., 

2015). These relationships might result in new research projects and co-authorships which on 

the one hand enhances candidates’ CVs and on the other hand the parties involved gain first-

hand experience about faculty careers and the academic profession while strengthening 

candidates’ networking skills which are essential for success in academia (Baker and Pifer, 

2011). Moreover, doctoral candidates may gain access to the experiences of other members of 

their cohort in the labour market either before them or during the same period. Fellow doctoral 

candidates may have conducted job talks and can provide crucial, first-hand accounts of the 

experience and expectations of external hiring panels and the ‘flyout’ experience itself. These 

‘insider’ accounts can help prepare doctoral candidates for their own attempts to penetrate the 

academic labour market (Thiry et al., 2015, McAlpine and Emmioğlu, 2015, Baker and Pifer, 

2011). The same applies for doctoral candidates aspiring non-academic careers, with evidence 

showing candidates turning to their peers who also aspired and succeeded in landing a job 

outside academia to fill the gap (Thiry et al., 2015).  

Third, ties to other members of the doctoral cohort may help to alleviate the pressures 

and challenges doctoral candidates face during their studies. The graduate experience can 
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create significant mental and personal strain, due to the complex and challenging nature of the 

research, the circumstances where it is performed, and the general level of competition within 

science itself (Levecque et al., 2017, Sverdlik et al., 2018). Doctoral candidates are subject to 

high emotional and mental strain during their studies. Indeed, research has found that almost 

one third of all doctoral candidates suffer from common psychiatric disorders, which often 

require medical support (Levecque et al., 2017). These threats to well-being arise from a variety 

of causes, including the difficult and challenging nature of the task at hand as well as the poor 

material conditions that many doctoral candidates face. Uncertainty about the research projects 

and future labour market prospects can also create stress. Accordingly, a study of doctoral 

students in Flanders by Levecque et al. (2017) found that “most prevalent are feelings of being 

under constant strain, unhappiness and depression, sleeping problems due to worries, inability 

to overcome difficulties and not being able to enjoy day-to-day activities”. However, building 

relationships with other candidates may provide a critical psychosocial support mechanism to 

help doctoral candidates during this trying period. Of course, doctoral candidates do not have 

to turn to their fellow cohort members for social support, but due to their shared experiences 

and exposure to similar challenges, their fellow candidates are liable to provide particularly 

effective moral and social support mechanism. Cohort members may be helpful during difficult 

periods, partly because they themselves may have experienced these challenges faced by their 

colleague before. As such, fellow doctoral candidates are in a good position to commiserate on 

problems and even failures during doctoral training concerning both the research process and 

the personal lives (i.e. work-life balance issues, etc.). They may also have problematic 

interactions with their supervisors or other faculty, and therefore can share their stories and 

experiences with their colleagues (Ives and Rowley, 2005, Lee, 2008). Through these 

relationships, doctoral candidates may have a greater resilience from some of the most 

alienating and challenging aspects of the formative academic career stages. In doing so, 
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relationships with other members of the doctoral cohorts help to increase the attractiveness of 

the academic pathway as a career option despite its inherent difficulties.  

Given these three reasons, we suggest that doctoral candidates with more relationships 

to other members or their doctoral cohort are more likely to remain in academia and take up 

academic positions after graduation:   

H: The greater the number of ties between doctoral candidates and their PhD cohorts, 

the higher the likelihood that they will take up an academic position after graduation.  

Data and methodology  
 

Setting and Data Collection  
 

To test the proposed conjectures, we exploited a unique dataset covering the entire 

population of PhD recipients of the University of Missouri-Columbia in the US in the US over 

a fifteen-year period (1996-2010). Combining multiple sources to construct this original 

dataset, first, we sourced information on PhD recipients from ProQuest Dissertations and 

Theses Global13 (PDTG), the largest curated dissertations and theses repository. This database 

lists names of BSc, MSc and PhD recipients, their supervisors, abstracts, subject fields, year, 

and university of graduation, as well as dissertations and theses documents. Using PDTG, we 

compiled a list of all the PhD recipients (N=3027) from the chosen university between 1996 

and 2010 and then we accessed their dissertations and subtracted the acknowledgements and 

the vitae sections. Second, we classified the population in 10 schools/ colleges and 84 

departments according to the first supervisor’s department as stated at the university’s website 

and faculty’s personal websites (Chapter 4 Appendix, Table 1). This search also provided 

 
13 ProQuest Dissertations and Theses Global: https://about.proquest.com/en/products-

services/pqdtglobal/  

https://about.proquest.com/en/products-services/pqdtglobal/
https://about.proquest.com/en/products-services/pqdtglobal/
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gender information of the supervisors in our sample. Third, we developed a text analysis 

software which detects the names appearing in acknowledgements and as main output, among 

others, provides the ties between doctoral candidates from acknowledging each other. Using 

this software allowed us to map the relationships of doctoral cohorts and built measures of 

doctoral candidates’ social capital during the doctoral training.   

Then, for the supervisors’ publication information we used Scopus and for the 

candidates’ publication data we used ProQuest Global, a database listing all document types 

including publications, BSc, MSc and PhD dissertations. We chose this dataset over the widely 

used Scopus or ISI Web of Science because ProQuest was used for the construction of the PhD 

recipients’ list, thus, using the same extended dataset with PDTG allowed us to avoid missing 

information from misspelled names or different formats of names and ensure the best 

identification of the population’s publication data. Last, since ProQuest does not list 

information on the candidates’ demographics, we relied on their vitae while triangulating 

information using Namsor14 which classifies personal names by gender, country of origin or 

ethnicity. According to PDTG, 3027 PhD candidates graduated from the focal US university 

from 1996 to 2010, however, the use of multiple data sources reduced the sample size to 2314 

observations. Table 2 in Chapter 4 Appendix contains the data sources of the variables used 

and information on variable construction.  

The university under investigation is public and was established in 1839. It constitutes 

the flagship of a four-campus system located in the same US state and was chosen as a suitable 

setting for the purposes of this study for several reasons. First, according to the Carnegie 

Classification of Institutions of Higher Education it is an R1 institution, classification given to 

PhD granting institutions with very high research activity and since 1908 it is also a member 

 
14 www.namsor.com 

http://www.namsor.com/
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of the Association of American Universities which is composed of America’s 65 leading 

research universities. Second, it offers a wide variety of programs being one of a few US 

universities with a School of Medicine, a School of Law and a College of Veterinary Medicine 

all on the same campus with some of the university’s colleges ranked among the best in their 

fields across the US such as the College of Agriculture, Food and Natural Resources. Third, 

during the period under investigation, it had the capacity to welcome ~ 26 thousands students 

(in 2002, as mid reference year), which number reached ~31 thousands students in 2010. Last, 

it is located at a college town where outside socialization with fellow candidates there are very 

few options to socialize. Therefore, in our case avoiding socialization with fellow doctoral 

candidates reduces the chances of socialization during doctoral training making it an ideal 

setting for this study.  

Publication acknowledgements have been widely used as means to examine various 

outcomes in social sciences research. For instance, Oettl (2012) used acknowledgements to 

measure the helpfulness of co-authors and its impact on scientists’ productivity and Rose and 

Georg (2018) mapped informal collaboration networks, also using acknowledgements, to 

investigate whether the scientists’ network position affects their productivity and scientific 

impact. Dissertation acknowledgements provide a platform for doctoral candidates to freely 

express themselves disentangled from academic norms and show their appreciation and 

gratitude to the ones who supported them both personally and professionally during the PhD 

era (Hyland, 2004, Hyland and Tse, 2004). Candidates usually thank their supervisors, their 

committee, other faculty, fellow doctoral candidates and colleagues, friends, family, 

participants in their research projects, etc. (Cronin et al., 1993, Yang, 2012). Moreover, through 

acknowledgements the soon to be PhD recipients manifest their professional identity 

demonstrating their membership in scholarly networks (Hyland, 2003, Hyland and Tse, 2004).  
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Empirically, the use of acknowledgments to map the relationships of doctoral 

candidates within doctoral cohorts offers a number of advantages. First, acknowledgements 

capture the informal relationships, spontaneously formed during the doctoral training (Cotton 

et al., 2011, Rose and Georg, 2018). Second, acknowledgements are written at the PhD 

completion avoiding any potential recall bias usually occurring in studies retrospectively 

building developmental networks as well as there is no limit on the number of people 

mentioned which is another main disadvantage encountered in studies examining 

developmental networks (Higgins et al., 2008, Kirchmeyer, 2005).  Last, namedropping which 

constitutes a usual tactic to gain scientific credibility is not an issue in our setting either, since 

we only focus on relationships between fellow doctoral candidates who are similarly ranked. 

Therefore, using acknowledgements as the cornerstone of the empirics of this study allows us 

to map comprehensively the informal relationships of doctoral cohorts of an entire university 

during a fifteen-year period and in turn examine how these relationships affect PhD recipients’ 

decision to pursue a career in academia.   

Apart from acknowledgements, there is a norm among US PhD recipients to include a 

small cv, also called bio or vita, at the end of their PhD dissertations. The layout and the type 

of information provided varies among universities. For the University of Missouri-Columbia 

dissertations, the vita is usually a short text where doctoral candidates in an informal auto-

biographic way, in most cases they use singular third person pronouns, list information such as 

their date and place of birth, their families, their pedigree, their first job appointment after the 

PhD, etc. In our sample only 2.8 per cent (N=85) out of 3027 dissertations did not have a vita 

section.  
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Variables 
 

Dependent variable 

The outcome of interest is whether doctoral candidates pursue a Research active career 

in academia after graduation. Effectively coding this measure using faculty directories or the 

American Men and Women of Science directory could be challenging for several reasons, for 

instance graduates might have taken faculty appointments outside the US or non-faculty 

appointments in PhD or non-PhD granting US institutions. Thus, to build a valid measure of 

becoming research active academics, we manually searched ProQuest Global for publication 

information. To triangulate the validity of the measure, while constructing the variable we also 

consulted: 1) their vitae which are included in the PhD documents and graduates usually 

mention their first job placements after the PhD, 2) university and personal websites, and 3) 

ResearchGate and similar sources. The combination of data sources allowed us to triangulate 

the measure to the best of our ability, given that the vitae are written at PhD graduation whereas 

the university and personal websites and ResearchGate and similar publication databases were 

searched several years after the graduation years of the sample (1996-2010) at data collection 

(2018). We define a Research active career, when the focal individual has been publishing in 

peer reviewed journals continuously for at least 5 years after the PhD graduation. In case there 

is a large publishing gap in terms of years, the outcome variable takes the value of 0. The same 

applies for individuals affiliated with industry or research institutions according to the other 

data sources used for triangulation.  

Independent variables  

An essential feature of the professional socialization process which facilitates the 

transmission of norms, values, attitudes, etc. is the relationships and frequent interactions with 

others in a specific environment.  Moreover, reciprocal relationships, mutually recognized by 
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the parties involved, facilitate a balanced exchange of resources, i.e. career and psychosocial 

support functions (Higgins and Kram, 2001, Higgins and Thomas, 2001) since reciprocity 

captures relationship strength (Granovetter, 1973) illustrating the trust, the closeness and the 

stability of a relationship. Thus, our three main independent variables capture different aspects 

of doctoral candidates’ social capital within doctoral cohorts during the training. To 

operationalise these variables, we rely to the sum of ties / acknowledgements as revealed from 

the analysis of their dissertations’ acknowledgements. First, the Outdegree variable refers to 

the number of fellow candidates acknowledged by the focal doctoral candidate. Accordingly, 

the Indegree variable refers to the number of acknowledgements the focal doctoral candidate 

receives from fellow candidates, and last, the Reciprocated ties variable refers to the number 

of reciprocated acknowledgements, meaning the mutual tie reported, in the respective 

dissertations’ acknowledgements, from both parties involved in a given dyadic relationship.   

Control variables  

To account for competing explanations of our research findings, we include control 

variables about: 1) the doctoral candidates, 2) the supervisors, and 3) the departments.  

Doctoral candidate level control variables  

Doctoral candidates’ publishing activity during graduate school may serve as a measure 

of inherent research potential and ability (Horta and Santos, 2016, Kahn and MacGarvie, 2016). 

Moreover, doctoral candidates’ preferences for specific job attributes are shaped during the 

training and their taste for science, desire to work on specific research projects and publishing 

capabilities built during graduate school shape their later career pathways (Roach and 

Sauermann, 2010). To measure doctoral candidates’ Inherent ability, we use the number of 

publications they made from t-1 to t+3, where t represents the year of PhD graduation, sourcing 

the information from ProQuest Global. We extend the period through three years after 
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candidates’ graduation to avoid any potential endogeneity concerns since publications during 

graduate school often indicate dissertation research rather than new research (Kahn and 

MacGarvie, 2016). This three-year extension also allows us to capture the Inherent ability of 

doctoral candidates from all the disciplines in our sample since the lead time for publishing 

differs between fields.  

We also control for doctoral candidates’ Gender given the strong gender stratification 

and the long-standing phenomenon of underrepresentation of women in academia facing 

gender related hurdles in their career development with their number decreasing after each 

transition stage (Etzkowitz et al., 1994, Etzkowitz et al., 2000, Helbing et al., 1998, Fox, 2001). 

Doctoral candidates’ gender, determining relationship formation and socialization patterns 

(McPherson et al., 2001), constitutes an important predictor of their socialization into the 

profession during graduate school shaping their initial perceptions about academia which 

become more pronounced in later career stages (Etzkowitz et al., 2000). Men and women in 

science face different realities starting from the doctoral training (Asmar, 1999, Etzkowitz et 

al., 2000). For instance, female doctoral candidates have reported negative feelings, in varying 

degrees, about their doctoral environment stemming, among others, from fewer opportunities 

for career development activities, accessing professional networks, publishing their work 

(Broström, 2019, Pezzoni et al., 2016) and doing more “expensive” research than their male 

counterparts (Asmar, 1999, Etzkowitz et al., 1994). This “exclusion” often leads female 

doctoral candidates to turn to informal networks to get support for their professional 

development yet their low self-confidence in fulfilling their roles in the academic profession is 

lacking compared to their male counterparts driving them away from an academic career (Cech 

et al., 2011).    

In 2003, 51 per cent of the PhDs in science and technology from US universities were 

granted to candidates coming from outside the US (Bound et al., 2009). Considering that 
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research has shown that non-US doctoral graduates are more likely to pursue an academic 

career after graduation than their native counterparts, we control for candidates’ country of 

origin, US citizen variable. Moreover, we account for candidates’ alma mater, Incumbent 

variable. On the one hand, receiving their previous degree from the focal university would first 

imply candidates having an already established social network at this institution, for career and 

psychosocial support, outside their doctoral cohort. However, on the other hand, being 

incumbents might result in them being less productive in terms of scientific output which in 

turn might be affecting their decision to pursue a research active career  (Horta et al., 2010).  

We sourced the information about the candidates’ gender, country of origin and their 

alma mater from the vitae found in their dissertations and we relied on Namsor and the 

acknowledgements for the entries that had no vita in their dissertation documents.   

This study focuses on relationships between doctoral candidates and examines how 

they affect their decision to pursue an academic career; however, the candidates’ social capital 

of course exceeds the limits of the doctoral cohorts. Thus, to account for the candidates’ 

sociability beyond their doctoral cohorts, we constructed the Non-doctoral cohort outdegree 

variable to control for the total number of ties directed to people other than fellow doctoral 

candidates including supervisors, other faculty, friends, family, etc.  

Supervisor level controls 

Given the essential role of the supervisors in doctoral candidates’ socialization into the 

academic profession during graduate school and their career decision making process (Gardner, 

2009, Sauermann and Roach, 2012, Tenenbaum et al., 2001), we control for the supervisor’s 

gender, status, and workload.  

Doctoral candidates and their supervisors often share strong bonds of social affinity 

which might be caused by overlapping institutional affiliations, nationality, gender, etc. These 
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strong bonds can arise from the selection of candidates to supervisors like themselves and vice-

versa, a case of homophily in the formation of candidate-supervisor pairs, ultimately leading 

doctoral candidates to deepen their connections with their supervisors (Gaule and Piacentini, 

2018). Due to strong social affinity, supervisors are liable to go the extra mile to ensure that 

their favoured doctoral candidates gain access to academic positions by publishing more with 

them during graduate school and exploiting their reputations and networks to help facilitate the 

entry of the candidate to the academic labour market after graduation. Indeed, research has 

shown that doctoral candidates in STEM fields having the same gender with supervisors 

publish more during doctoral training and female candidates paired with female supervisors 

are more likely to pursue an academic career (Gaule and Piacentini, 2018, Pezzoni et al., 2016). 

However, these effects might differ depending on the discipline with the more reasonable 

explanation being the different nature of candidate-supervisor collaboration and 

interdependencies (i.e. financial support, etc.) in soft and hard sciences with the closeness of 

the relationship predicting the magnitude of the effects (Hilmer and Hilmer, 2007, Gaule and 

Piacentini, 2018, Pezzoni et al., 2016). On the other hand, in the absence of such strong bonds 

of affinity, supervisors might make little significant effort for their candidates, leaving them to 

“sink or swim” in the academic labour market.  

Within academic life, there are clear status hierarchies, with a small number of 

academics accruing the lion’s share of outputs, citations, prizes and other awards (Merton, 

1973). A high-status supervisor may be able to access data or research materials from other 

research teams for their doctoral candidates which could lead to more early career publications 

for their doctoral candidates and / or also facilitate their entry in privileged academic networks 

due to their reputation (Pinheiro et al., 2017). Recommending their candidates to other 

colleagues might also facilitate labour market entry (Baruffaldi et al., 2016). They might also 

have access to local, discretionary resources to enable their students to travel and gain 
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experience in other contexts that will further their ability to develop their work as well as 

enriching and broadening their academic network. In contrast, low status supervisors may 

struggle to gain access to similar external and internal resources, and therefore they are liable 

to fail to place their doctoral candidates as successfully in the academic labour market. Last, 

supervisor’s workload around focal candidate’s PhD submission may affect the time spent in 

supporting the candidate in research projects, publications, and other career development 

activities.  

The Supervisors’ gender was inferred by their personal and the university’s websites. 

To operationalise the Supervisor’s status variable, we used the supervisor’s h-index as stated 

in Scopus at the year of the candidate’s graduation and the Supervisor’s workload refers to the 

total number of candidates, other than the focal, assigned to a supervisor from t-2 to t+2 with t 

being the focal candidate’s graduation year. 

Department level controls 

Although the sample consists of doctoral candidates from one university, the code of 

practice in acknowledgements writing differs among disciplines with candidates in Social 

Sciences being more elaborate in their acknowledgements in contrast with candidates from 

STEM fields who tend to be more concise (Cronin et al., 1993, Hyland, 2004). Moreover, some 

disciplines require, for instance, physical collocation in labs which enhances social interaction 

in contrast with other disciplines where conducting research constitutes a lonely process (Kabo 

et al., 2015, Sailer and McCulloh, 2012). Since the departmental socialization environment has 

been proved to affect candidates’ performance, research behaviours and ultimately candidates’ 

career paths (Hottenrott and Lawson, 2017), we also account for discipline specific patterns, 

by constructing a variable to measure the sociability of the departments. The Sociability 

variable refers to the average of a department’s doctoral candidates’ outdegree over the number 
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of this department’s doctoral candidates, minus the focal candidate, with both numerator and 

denominator calculated for a five-year window from t-2 to t+2, where t refers to the focal 

candidate’s start year of graduate training.  

Additionally, we control for college/school fixed effects first to account for shocks or 

changes that might have occurred within the college/school and might in turn have affected 

doctoral candidates’ socialization experiences and second to account for differences in 

socialization experiences across fields of study with both ultimately affecting candidates’ 

career choices. For instance, some disciplines such as chemistry, require physical collocation 

of candidates in labs and membership in research teams which enhances social interaction 

whereas doctoral candidates in history, political sciences, etc. are more likely to do research 

alone (Austin, 2002, Kabo et al., 2015, Kim et al., 2020, Sailer and McCulloh, 2012). Last, we 

also control for year fixed effects to account for labour market conditions that also affect 

doctoral candidates’ career choices (Conti and Visentin, 2015, Passaretta et al., 2019).   

Results 
 

Data Sample and Descriptive Statistics  
 

The final sample after excluding the doctoral candidates from the schools of Journalism, 

Nursing and Health Professions due to limited number of observations consists of 2241 PhD 

recipients from 7 schools/ colleges and 79 departments (Chapter 4 Appendix, table 1), 

graduated between 1996 and 2010. The schools of Arts and Science, Education, and 

Agriculture, Food and Natural Resources produced the highest number of PhDs during the 

period under investigation with 39.9 per cent, 28.7 per cent and 16.7 per cent of PhD recipients 

respectively. Table 1 presents the descriptive statistics for our sample (2241 doctoral 

candidates). After graduation, 33.3 per cent of the sample followed a research active career, 

63.5 per cent males and 36.5 per cent females (Chapter 4 Appendix, Table 3). About two thirds 
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of the sample are US citizens, one third incumbents and 43 per cent of the candidates are 

females. Looking at the main independent variables capturing doctoral candidates’ social 

capital during graduate school, on average, candidates mention 1.9 fellow candidates in their 

acknowledgements (Outdegree), are mentioned by 1.8 fellow candidates (Indegree) and 0.3 

acknowledgements are reciprocated (Reciprocated Ties). However, the standard deviation of 

the Reciprocated ties variable is nearly twice the mean indicating a wide distribution of the 

values. The means of the social capital measures calculated by gender and career pathway 

(Chapter 4 Appendix, Table 4), reveal that on average doctoral graduates that followed 

Research active career have on average higher Outdegree, Indegree and Reciprocated ties than 

then ones followed a career outside academia.  

Table 1: Descriptive statistics for the 2241 doctoral candidates included in the analysis sample. 

Variables Sample Mean Standard Deviation Min Max 

 

Doctoral Candidate level information  

Research active career  0.33 0.47 0 1 

Outdegree 1.89 2.11 0 23 

Indegree 1.79 2.79 0 54 

Reciprocated ties 0.28 0.69 0 6 

Inherent ability  0.40 0.49 0 1 

Gender  0.43 0.50 0 1 

US citizen 0.67 0.47 0 1 

Incumbent  0.33 0.47 0 1 

Non-doctoral cohort outdegree 13.46 10.93 0 130 

 

Supervisor level information15 

Supervisor's gender 0.24 0.43 0 1 

Supervisor’s workload 3.00 4.28 0 26 

Supervisor’s status  12.02 11.34 0 91 

 

Department level information  

Sociability  0.10 0.13 0 3.5 

 
 

 
15 n=2241 since values vary depending on doctoral candidates’ graduation year 
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Models  

 

Table 2 presents the results of our empirical analysis. To test the proposed conjectures, 

we build logit models since the dependent variable is binary, Research active career can take 

the values of  1 and 0 (Hoetker, 2007). Following convention, we run a series of stepwise logit 

models, that measure the change in probability of doctoral candidates following a research 

active career after graduation, to reach sequentially the final specifications and illustrate the 

stability and robustness of the findings. We also conducted correlation analysis with the results 

showing low values of correlation coefficients (<0.5) between all the variables used (Chapter 

4 Appendix, Table 5).  
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Table 2: Logit regression estimation results 

Robust standard errors in parentheses clustered at the department level (62 clusters), *** p<0.01, ** p<0.05, *p<0.1 

Models 

M1  M1 marg. 

eff. 

M2  

 

M2  

marg. eff. 

M3  

 

M3 marg. 

eff. 

M4  

 

M4  

marg. eff 

M5  

 

M5  

marg.eff 

Outdegree 
  0.059* 

(0.032) 

0.012 0.042 

(0.031) 

0.009     

Indegree 
0.097*** 

(0.026) 

0.020   0.093** 

(0.026) 

0.019   0.071*** 

(0.022) 

0.015 

Reciprocated ties 
       0.423*** 

(0.099) 

0.088 0.350*** 

(0.110) 

0.073 

Inherent ability  
1.050*** 

(0.132) 

0.224 1.037*** 

(0.134) 

0.222 1.050*** 

(0.131) 

0.224 1.002*** 

(0.134) 

0.214 1.021*** 

(0.133) 

0.218 

Gender  
-0.355*** 

(0.117) 

-0.073 -0.357*** 

(0.116) 

-0.074 -0.358*** 

(0.117) 

-0.074 -0.379*** 

(0.115) 

-0.078 -0.378*** 

(0.116) 

-0.077 

US citizen 
-0.539*** 

(0.151) 

-0.116 -0.480*** 

(0.149) 

-0.103 -0.538*** 

(0.151) 

-0.115 -0.496*** 

(0.146) 

-0.106 -0.537*** 

(0.149) 

-0.115 

Incumbent  
-0.321*** 

(0.086) 

-0.065 -0.323*** 

(0.083) 

-0.066 -0.313*** 

(0.086) 

-0.064 -0.309*** 

(0.088) 

-0.063 -0.302*** 

(0.089) 

-0.061 

Non-doctoral cohort outdegree 
0.008 

(0.005) 

0.002 0.004 

(0.006) 

0.001 0.004 

(0.006) 

0.001 0.003 

(0.005) 

0.001 0.002 

(0.005) 

0.001 

Supervisor's gender 
0.350** 

(0.140) 

0.075 0.335** 

(0.144) 

0.072 0.348** 

(0.141) 

0.075 0.320** 

(0.142) 

0.069 0.331** 

(0.141) 

0.071 

Supervisor’s workload 
-0.071** 

(0.028) 

-0.015 -0.070** 

(0.029) 

-0.015 -0.073** 

(0.029) 

-0.015 -0.071** 

(0.031) 

-0.015 -0.073** 

(0.030) 

-0.015 

Supervisor’s status  
0.027*** 

(0.006) 

0.006 0.028*** 

(0.006) 

0.006 0.027*** 

(0.006) 

0.006 0.027*** 

(0.006) 

0.006 0.026*** 

(0.006) 

0.005 

Sociability 

0.354 

(0.347) 

0.074 0.363 

(0.346) 

0.076 0.332 

(0.347) 

0.069 0.317 

(0.341) 

0.066 0.304 

(0.342) 

0.063 

Constant  

-1.713*** 

(0.559) 

 -1.713*** 

(0.567) 

 -1.689*** 

(0.567) 

 -1.777*** 

(0.612) 

 -1.751*** 

(0.605) 

 

Year FE YES  YES  YES  YES  YES  

College/School FE  YES  YES  YES  YES  YES  

Number of observations 2241  2241  2241  2241  2241  

Pseudo R2 0.159  0.152  0.160  0.161  0.166  

Wald chi2(x) test statistic  

(test of model) 

805.91*** 

(30) 

 837.40*** 

(30) 

 849.93*** 

(31) 

 990.49*** 

(30) 

 1027.34*** 

(31) 
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Models 1, 2 and 4 include only one of the main independent variables along with the control 

variables to allow us to first examine the effects of each set social capital measure on the outcome 

separately. Model 1 shows that Indegree, number of acknowledgements a focal candidate receives 

from fellow candidates, has a positive and highly significant effect on their decision to pursue an 

academic career. Looking at the marginal effects, for each additional acknowledgement candidates 

receive from their doctoral cohort, they are 2 per cent more likely to follow a research active career. 

Model 2 shows that the number of fellow candidates mentioned by a focal candidate, Outdegree, 

has a positive and significant effect, although at a p value of <0.1, on candidates’ decision to pursue 

a research active career with each additional acknowledgement given increasing the likelihood of 

candidates staying in academia by 1.2 per cent. When including both Indegree and Outdegree 

measures in the same model (3), the effect of Outdegree loses its significance. However, the 

Indegree remains positive and significant which is logical for two reasons. First, considering that 

Indegree reveals the number of fellow candidates recognizing the focal candidate as part of their 

developmental networks, a higher Indegree might be demonstrating a deeper immersion of the 

focal candidate in the academic community since more cohort members are turning to them for 

support functions. Second, the focal candidate having a larger pool of fellow candidates to draw 

career and psychosocial support from, has potentially better access to materials, resources, 

academic networks, etc. Both reasonings would facilitate a better professional socialization 

process for the doctoral candidates leading them opt in pursuing a research active career after 

graduation.  

Model 4 shows that the number of Reciprocated ties has a positive and highly significant 

effect on a candidates’ decision to pursue a research active career. For each additional reciprocated 

acknowledgement, a candidate is 8.8 per cent more likely to opt into an academic career. Last, the 
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effects of the Indegree and the Reciprocated ties variables on candidates’ decision to stay in 

academia remain positive and highly significant when included in the same model (5). To 

illustrate, one additional acknowledgement received increases a candidate’s likelihood to pursue a 

research active career by 1.5 per cent and for each additional reciprocated acknowledgement this 

likelihood increases by 7.3 per cent. The empirical findings support our hypothesis stating that the 

greater the number of ties between doctoral candidates and their PhD cohorts, the higher the 

likelihood that they will take up an academic position after graduation. With relationships among 

doctoral candidates being an essential factor of their professional socialization process, our three 

main independent variables were set to capture different aspects of candidates’ social capital within 

their cohorts during graduate school. The findings revealed the importance of Indegree and 

Reciprocated ties over the Outdegree on candidates’ decision to pursue an academic career. This 

allows us to infer that a deeper immersion in the doctoral cohort networks, as recognized by fellow 

candidates, has a pronounced positive and significant effect on their decision to remain in academia 

after graduation. These recognized, by fellow candidates, relationships - Indegree and 

Reciprocated ties measures - might be demonstrating higher provision and exchange of career and 

psychosocial support functions between the parties involved compared to the Outdegree measure 

which refers only to candidates’ self-perceived supporters. Considering that doctoral candidates’ 

professional socialization during graduate school involves observing, learning, and imitating 

acceptable behaviours, seeking feedback from other group members to eventually refine and/or 

alter their behaviours, internalize the group’s norms and values, and act accordingly to integrate 

into that group, received and reciprocated ties enhance their immersion to the academic community 

affecting their decision to pursue an academic career.  
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With regards to the control variables, we observe that they behave as expected having the 

same signs, same significance levels and similar magnitude of marginal effects across all the 

models. Starting with the candidate level controls, the more early career publications candidates 

have, higher Inherent ability, the more likely it is for them to follow an academic career. The 

negative signs of the candidates’ Gender coefficients, highly significant in all the models, indicate 

that male doctoral candidates are more likely than their female counterparts to remain in academia 

after graduation, finding consistent with existing literature (Etzkowitz et al., 2000). Doctoral 

candidates coming from outside the US are more likely to pursue an academic career than native 

US candidates as demonstrated from the negative, highly significant coefficients and the 

magnitude of the respective marginal effects. Moreover, having the focal university as alma mater 

before the PhD, Incumbent variable, has a strong, negative, and highly significant effect on 

candidates’ decision to pursue a research active career. Incumbents in educational institutions tend 

to be less vigorous in producing scientific output, thus, the finding of incumbents being less likely 

to stay in academia after graduation is expected considering their tendency to publish less (Horta 

et al., 2010). The Non-doctoral cohort outdegree and the Sociability variables have no significant 

effect on the outcome variable in none of the models. Thus, we can infer that doctoral candidates’ 

size of support networks outside their doctoral cohort and the departmental socialization patterns 

do not affect candidates’ decision to pursue a research active career.  

Across all the models, Supervisor’s gender has a positive and significant effect on doctoral 

candidates’ decision to follow a research active career, showing that candidates paired with female 

supervisors are more likely to have a research active career. This finding corroborates with the 

case study findings of Pezzoni et al. (2016) who examined gender differences in publication 

outputs of doctoral cohorts at Caltech and found that doctoral candidates paired with female 
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supervisors publish 7.7 per cent more than candidates paired with male supervisors. Supervisor’s 

workload shows a negative significant effect on candidates’ decision to pursue a career in academia 

with the marginal effects showing that each additional candidate assigned to a focal supervisor 

decreases the likelihood of the focal candidate to pursue an academic career by 1.5 per cent. 

Reasonable finding since the higher the number of candidates assigned to supervisors the less time 

they can devote to each of them for their professional development, with all the functions that this 

support might entail. As expected, Supervisor’s status has a highly significant positive effect on 

candidates’ career decisions although the magnitude of the effect is small with one unit increase 

in supervisors’ h-index increasing the likelihood of their candidates pursuing a career in academia 

by 0.5-0.6 per cent. This finding supports our argument that high-status supervisors are in a 

position to provide more resources, co-authorships, access to privileged academic networks, and 

career development opportunities to their candidates affecting thus their decision to remain in 

academia after graduation.  

Conclusion, Limitations and Future Directions  
 

Doctoral training constitutes the first step into the academic profession and individuals 

embark on this journey primarily to pursue an academic career (Austin, 2002). This long and 

intense socialization process entails doctoral candidates learning discipline specific skills, gaining 

knowledge, grasping and internalizing norms, values, attitudes and interests acceptable to the 

group they aspire to become members, seeking and receiving feedback from other group members 

to refine their attitudes and act accordingly leading to their successful professional identity 

development (Bragg, 1976). Given that professional socialization is a social, continuous, learning 

process, candidates heavily rely on relationships with supervisors, faculty, and fellow candidates, 

within the academic setting, for support to overcome the challenges associated with this intense 
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training period. These relationships have a profound effect on candidates’ socialization 

experiences and shape their career aspirations with existing literature highlighting supervisors’ 

essential role along with institutional factors in doctoral candidates’ career prospects and decision 

to remain in academia after graduation (Gaule and Piacentini, 2018, Gardner, 2009, Miller et al., 

2005, Sauermann and Roach, 2012, Terviö, 2011).  

The effects of graduate school socialization experiences on doctoral candidates’ learning, 

professional socialization, identity development and career decision making acknowledged in 

existing literature focuses on the importance of institutional factors and the candidate-supervisor 

dyadic relationships exclusively. However, academic careers are shaped by the wider graduate 

school context (Broström, 2019). Thus, the aim of this study is to fill in prior research on doctoral 

education by exploring how doctoral candidates’ socialization experiences with their fellow 

candidates during doctoral training, which constitute an integral part of their professional 

socialization, affect their decision to pursue an academic career after graduation.  

We find that the greater the number of ties, relationships, between a doctoral candidate and 

their PhD cohort, the higher the likelihood that they will take up an academic position after 

graduation. To explore the proposed conjecture, we exploited the empirical advantage of the 

exogenous allocation of doctoral candidates into cohorts. We built a unique multi source dataset 

of all PhD recipients from the University of Missouri-Columbia in the US in the US during a 15-

year period (1996-2010) and mapped doctoral candidates’ cohort networks using the 

acknowledgement sections of their PhD dissertations. The empirical analysis indeed revealed 

strong and economically significant evidence that doctoral candidates’ relationships with their 

cohort partially explain the likelihood that they will pursue a research active career within five 

years after their graduation. To illustrate, the findings suggest that the greater the number of a 
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candidate’s received, and reciprocated acknowledgement ties, the more likely they are to pursue 

an academic career after graduation with each additional received and reciprocated tie increasing 

this likelihood by 1.5 per cent and 7.3 per cent respectively. With doctoral cohort relationships 

being essential for candidates’ professional socialization experiences, we can infer that a higher 

number of relationships demonstrate a deeper immersion of the focal candidate in the academic 

setting which facilitates a better professional socialization experience by allowing them access to 

a larger pool of fellow candidates for support. This support entails career and psychosocial 

functions by providing, among others, validation, advice, guidance, access to resources and 

networks, opportunities, etc. Hence, doctoral candidates’ cohort relationships have a profound 

positive effect on their decision to remain in academia after graduation.  

Despite the uniqueness of the rich multi sourced dataset used to empirically investigate 

how doctoral candidates’ relationships with their cohorts affect their decision to remain in 

academia after graduation, some limitations arise from this study which in turn suggest directions 

for future research. First, our focus on doctoral graduates from a single university, constitutes a 

threat for the generalizability of the results. Second, another threat to generalizability would be the 

focus on the academic setting of a single country since the US model is not representative. For 

instance, in other academic systems with more informal hiring practices or different cultural 

characteristics supervisors might have a more decisive role in graduates’ first job placement and 

the cohorts might matter less. Third, we should recognize the limitations arising from using 

dissertation acknowledgements as a source to construct network measures of doctoral cohorts. On 

the one hand, the stylized format of the genre might entail namedropping, for which we cannot 

control, or restrain doctoral candidates’ reporting of individuals who provided career and 

psychosocial support during graduate school training. On the other hand, we miss all the doctoral 
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candidates that dropped out before submitting their dissertations and therefore do not have 

acknowledgements. Fourth, we cannot identify underperforming doctoral candidates since there is 

no way of knowing the quality of the PhD research at the submission date which would affect 

candidates’ decision to remain in the profession and land their first academic job post. However, 

to tackle this limitation we used the Inherent ability measure (total number of candidates’ 

publication from t-1 to t+3, where t stands for graduation year) as a proxy for their research 

potential and publishing activity. Fifth, we do not control for labour market conditions at 

candidates’ graduation year which surely affect the discipline job market competition and in turn 

shape graduates’ decision-making process. Last, although the configuration of doctoral candidates’ 

cohorts is exogenous, networks are endogenously formed and therefore we are unable to tackle the 

reflection issue that arises from the focal candidate influencing other fellow candidates.  

The findings make four main contributions. First, the empirical evidence provides valuable 

insights on the role of doctoral candidates’ relationships with their PhD cohort, as an integral part 

of graduate school, in shaping their career aspirations by supporting their transition to independent 

scholars. Second, the findings demonstrate that supervisory relationships are not the only key 

relationships affecting doctoral candidates’ future careers and lateral exchanges among doctoral 

cohort members may also provide access to resources beyond the supervisory ones acting as a 

compensation mechanism for early career academics’ efforts towards prospering in the profession. 

Third, the present study being exploratory in nature provides evidence for the importance of the 

relationships among doctoral candidates illustrating the necessity for all the relevant shareholders 

to attend to this critical component of doctoral candidates’ professional socialization experience 

which has been given modest attention in prior literature. Last, building on prior research that has 

widely used acknowledgements (Cotton et al., 2011, Rose and Georg, 2021, Oettl, 2012), it 
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introduces a novel use of acknowledgements, the analysis of dissertation acknowledgements to 

build doctoral developmental networks.  
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Chapter 4 Appendix  
 

Table 1: Number of PhD recipients (1996-2010) per College/School 

College/School  Nu. 

departments  

Males Females Total  

College of Arts and Science 25 540 354 894 

College of Education  7 266 372 638 

College of Agriculture, Food and Natural Resources 12 237 132 369 

College of Engineering and Nuclear Science and Engineering 

Institute 

10 129 6 135 

School of Medicine and College of Veterinary Medicine 14 52 43 95 

Trulaske College of Business 4 40 17 57 

College of Human Environmental Sciences 7 8 45 53 

School of Journalism  1 21 13 34 

Sinclair School of Nursing  1 2 27 29 

School of Health Professions 3 3 7 10 

Total  84 1298 1016 2314 

Note: The Schools of Journalism, Nursing and Health Professions are excluded from the analysis due to 

the limited number of observations over the period under investigation (final number of 

observations=2241).  

 

Table 2: Data sources, construction of variables for the 2241 doctoral candidates included in the analysis 

sample 

Variables Source Variable Construction  

 

Doctoral Candidate level information  

Research active career  

 

ProQuest Global database16, 

vitae, university websites, 

personal websites, ResearchGate 

 

 

 

Takes the value of 1 for graduates publishing continuously in 

peer reviewed journals for at least 5 years after graduation. 

Takes the value of 0 when graduates have large pushing gaps 

and in cases where, according to their vitae, work in industry 

or research institutions.  

Outdegree acknowledgements  

 

Total number of fellow doctoral candidates acknowledged by 

the focal doctoral candidate. 

Indegree acknowledgements  

 

Total number of acknowledgements the focal doctoral 

candidate receives from fellow doctoral candidates. 

Reciprocated ties acknowledgements  
 

Total number of reciprocated acknowledgments. 

 

 

 

 
 

 
16 ProQuest Dissertations and Theses Global: https://about.proquest.com/en/products-services/pqdtglobal/  

https://about.proquest.com/en/products-services/pqdtglobal/


149 
 

Inherent ability  ProQuest Global database Total number of doctoral candidates’ publications from t-1 to 

t+3 where t represents the year of PhD graduation.  

Gender  vitae, Namsor17 
 

Takes the value of 1 for female doctoral candidates. 

US citizen vitae, Namsor 
 

Takes the value of 1 for US citizens. 

Incumbent  vitae, acknowledgements 

 

Takes the value of 1 for doctoral candidates who completed 

their previous degree at the focal university.  

 

Non-doctoral cohort 

outdegree 

acknowledgements 

 

Total number of people mentioned in acknowledgements 

excluding all fellow doctoral candidates.  

 

Supervisor level information18 

Supervisor's gender 

 

university’s website, personal 

websites 

Takes the value of 1 for female supervisors.  

Supervisor’s workload acknowledgements  

 

Total number of doctoral candidates assigned to the focal 

supervisor from t-2 to t+2 (5-year window), where t 

represents the focal candidate's graduation year. 

Supervisor’s status  Scopus 
 

Supervisor’s h-index at the candidate’s graduation year.  

 

Department level information 

 

Sociability19 

 

 

 

 

acknowledgements 

 

Average of a department's doctoral candidates’ outdegree 

over the total number of the department's doctoral candidates 

(excluding the focal candidate) for a five-year period, from t-

2 to t+2 (five-year window), where t represents the start year 

of the doctoral training for the focal candidate.  

 

Note 1: For the construction of the variables: Inherent ability, Supervisor’s status, and Supervisor’s 

workload we set the year t as the graduation year of the focal doctoral candidate when the candidate is more 

likely to have publishable research and the supervisor’s workload and status are of most importance in 

affecting the candidate’s PhD submission and entry into academia respectively. However, for the 

construction of the department’s Sociability variable we set year t as the year of PhD entry, program 

enrolment, since the duration of the PhD may vary between disciplines with doctoral candidates starting 

 
17 Namsor is a tool for classification of names by gender, country of origin, ethnicity (www.namsor.com) 
18 n=2241 since values vary depending on doctoral candidates’ graduation year) 

19 Sociability = 
𝐴𝑣𝑔 𝑜𝑓 𝑑𝑒𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡′𝑠 𝑐𝑎𝑛𝑑𝑖𝑑𝑎𝑡𝑒𝑠′ 𝑜𝑢𝑡𝑑𝑒𝑔𝑟𝑒𝑒  𝑓𝑟𝑜𝑚 𝑡−2 𝑡𝑜 𝑡+2

 𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎 𝑑𝑒𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡′𝑠 𝑐𝑎𝑛𝑑𝑖𝑑𝑎𝑡𝑒𝑠 𝑒𝑥𝑐𝑙𝑢𝑑𝑖𝑛𝑔 𝑡ℎ𝑒 𝑓𝑜𝑐𝑎𝑙 𝑐𝑎𝑛𝑑𝑖𝑑𝑎𝑡𝑒,   𝑓𝑟𝑜𝑚 𝑡−2 𝑡𝑜 𝑡+2 
, 

where t stands for year of focal doctoral candidate’s program enrolment.  

 

http://www.namsor.com/
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together not always crossing the finish line together. Moreover, the PhD coursework takes place during the 

first two years of the doctoral training in the US university setting which enhances the social interaction 

between doctoral candidates and facilitates relationship building within doctoral cohorts.  

Note 2: In our sample we have 732 unique supervisors, 168 women and 564 men.  

Table 3: Doctoral candidates by gender and career pathway 

Doctoral candidate’s 

gender 

Research 

Active  

Not Research 

Active  

Total  

Males 474 798 1272 

 37.26 62.74 100 

 63.45 53.41 56.76 

    

Females  273 696 969 

 28.17 71.83 100 

 36.55 46.59 43.24 

    

Total  747 1494 2241 

 33.33 66.67 100 

 100 100 100 

 

Table 4: Doctoral candidates’ social capital measures (outdegree, indegree, reciprocated ties) by gender 

and career pathway   

 Research active career Non-research active career 

Mean(sd) Males 

(n=474) 

Females 

(n=273) 

Total 

(n=747) 

Males 

(n=798) 

Females 

(n=696) 

Total 

(=n1494) 

Outdegree  1.99  

(2.26) 

2.16  

(2.42) 

2.05  

(2.32) 

1.73  

(1.84) 

1.91 

(2.16) 

1.82  

(2.00) 

       

Indegree  

 

2.01 

(2.58) 

2.27 

(4.26) 

2.10 

(3.29) 

1.61 

(2.25) 

1.68 

(2.73) 

1.64 

(2.49) 

       

Reciprocated 

ties  

 

0.45 

(0.90) 

0.47 

(0.87) 

0.46 

(0.88) 

0.16 

(0.48) 

0.24 

(0.62) 

0.20 

(0.55) 
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Table 5: Correlation matrix 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 

Research active career (1) 1             

Outdegree (2) 0.052 1            

Indegree (3) 0.078 0.176 1           

Reciprocated ties (4) 0.176 0.459 0.272 1          

Doctoral candidate's inherent ability (5) 0.296 0.023 -0.023 0.144 1         

Doctoral candidate's gender (6) -0.096 0.036 0.015 0.024 0.004 1        

US citizen (7) -0.154 0.051 0.113 0.015 -0.066 0.178 1       

Incumbent (8) -0.093 -0.047 -0.031 -0.044 -0.033 0.053 0.058 1      

Non-doctoral cohort outdegree (9) 0.103 0.476 0.091 0.298 0.114 0.031 0.029 0.003 1     

Supervisor's gender (10) -0.035 0.021 -0.007 0.002 -0.017 0.210 0.165 0.024 -0.037 1    

Supervisor’s workload (11) -0.191 0.089 0.060 -0.033 -0.185 0.083 0.159 -0.080 -0.115 0.121 1   

Supervisor’s status (12) 0.259 0.080 0.051 0.153 0.283 -0.063 -0.111 -0.049 0.159 -0.178 -0.249 1  

Sociability (13) 0.065 0.044 -0.005 0.071 0.069 -0.042 -0.032 0.029 0.131 -0.035 -0.207 0.011 1 
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Chapter 5: Overall Conclusion 
 

Individuals enroll in PhD programs to mainly pursue an academic career. However, during 

the doctoral training candidates acquire knowledge and develop competencies and skills that 

prepare them for various career paths both inside and outside academia. The long and intensive 

period of doctoral education facilitates their professional socialization, which being successful 

leads to their professional identity development, while influencing their career decision making 

process ultimately shaping their career choices (Austin, 2002, Bragg, 1976, Sverdlik et al., 2018). 

During the training candidates are subject to multiple socialization processes: a) into their role as 

doctoral candidates in a specific department, b) into the acceptable discipline specific values, 

norms, attitudes, etc., and c) into academic life by learning what academia is really like besides 

research and teaching and comprehending what would be expected by them when and if they enter 

the profession (Austin, 2002, Austin and McDaniels, 2006, Gardner, 2008, Gardner and Barnes, 

2007). Interactions with supervisors, faculty, fellow candidates, family and friends are essential 

for doctoral candidates to overcome the challenges associated with the training and make sense of 

their experiences (Austin, 2002, Baker and Lattuca, 2010). Professional socialization is a 

multifaceted, complex, dynamic and interactive process (Bragg, 1976). Focusing on the academic 

setting, candidates’ socialization within a specific academic community, i.e formal and informal 

interactions with supervisors, faculty, and peers, largely shape their career aspirations and 

commitment to them (Weidman and Stein, 2003, Weidman et al., 2001).  

Conducting the studies of this dissertation I explored doctoral candidates’ professional 

socialization experiences during graduate school. I focused on candidates’ developmental 
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relationships within their cohorts and how these relationships affect their career outcomes since 

peers are in abundance in the doctoral setting.   

The aim of the literature review was to congregate and critically examine recent literature 

on how doctoral candidates’ socialization experiences during graduate school shape their career 

aspirations and choices. The analysis revealed that doctoral candidates’ socialization experiences 

within a specific academic community influence their perceptions about academia by facilitating 

their learning and understanding about their future professional roles. Doctoral candidates’ career 

aspirations are shaped by: a) the departments which provide guidance, access to resources and 

networking opportunities (Weidman et al., 2001), b) supervisors who mainly encourage academic 

career pathways (Sauermann and Roach, 2012), and c) fellow candidates, to whom they turn for 

career and psychosocial support often complementing supervisory support (Baker and Pifer, 2011, 

Baker and Pifer, 2014, Mantai, 2019). Candidates’ identity development is facilitated by their 

socialization experiences, i.e. successful integration in the academic community, such as 

interacting with faculty and peers (Baker and Pifer, 2011). Although building relationships with 

faculty and peers enables candidates’ scholarly identity development, it should be noted that there 

is limited prior research that links factors of candidates’ socialization experiences during graduate 

school with their career outcomes which should be addressed in future research.   

Reflecting on the methodology followed in the literature review the narrow scope of the 

review that might have hindered it should be considered. The aim was to only examine the existing 

literature on how doctoral candidates’ socialization experiences during graduate school affect their 

subsequent career choices. Expanding the scope by including a wider bundle of search terms 

related to candidates’ socialization experiences would result in the inclusion of broader relevant 

themes.  
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In the empirical chapters of this dissertation, I have tried to advance the knowledge and 

provide insights into the features of doctoral candidates’ developmental networks and their effects 

on their career choices after graduation given that relationships among fellow candidates during 

doctoral training constitute an essential element of their professional socialization experiences. In 

the third chapter, I examine gender differences in giving and receiving credit for career and 

psychosocial support exploring doctoral candidates’ developmental networks during graduate 

school. For this study, I compiled a unique dataset of all the PhD recipients (N=173) in Chemical 

Engineering of the University of Cambridge during an eleven-year period (1996-2007) and 

manually constructed doctoral candidates’ developmental networks analyzing their dissertation 

acknowledgements. The findings provide evidence that gender differences in academic 

developmental networks’ configuration, and in turn in giving and receiving credit for support, arise 

early on in academic careers.  

In the fourth chapter, I explore whether the relationships built during graduate school 

among doctoral candidates affect their career choices after graduation. For this study, I compiled 

a unique multi sourced data set of all the PhD recipients (N>3k) across colleges and departments 

from the University of Missouri - Columbia in the US during a fifteen-year period (1996-2010). 

The cohort networks were mapped using a software specifically developed for this project. The 

findings provide consistent and significant evidence that doctoral candidates’ relationships with 

fellow candidates during graduate school partially explain the likelihood that they will pursue a 

career in academia within five years after their graduation.  

In both studies, I followed the same methodology for the construction of doctoral 

candidates’ developmental networks during graduate school to explore their composition and the 

potential effects on candidates’ career choices after graduation. I must declare the endogeneity 
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concerns raised from using this methodology since a major empirical challenge when examining 

social networks is that their formation is a highly endogenous process (Manski, 2000, Manski, 

1993). I leveraged the fact that candidates’ allocation into cohorts is exogenous to them since they 

have no power on the configuration of the doctoral cohort they will be assigned in. Although the 

formation of the setting addresses some endogeneity elements the following factors should be 

considered. First, while candidates choose a PhD program mainly based on the PhD subject and 

the institution  (Azoulay et al., 2017), I cannot ignore their self-selection into specific doctoral 

programs based on the characteristics of the universities. Second, after the enrollment doctoral 

candidates self-select into friendships and/ or support relationships with individuals from the pool 

available in their cohorts and choose their interactions based on common characteristics such as 

demographics, educational background, interests, hobbies, etc. leading to endogenous matching 

(McPherson et al., 2001). However, the risk of a potential relationship is exogenous to them since 

candidates undergo the same screening processes and they are not selected into a PhD program 

based on gender or their proclivity to be social and supportive. Third, the social capital measures 

used in the fourth chapter (Indegree, Outdegree, Reciprocated ties) do not allow us to disentangle 

the potential reflection issue arising from a focal candidate influencing their fellow candidates and 

vice versa.  

The studies of this dissertation contribute to four main literature streams and also introduce 

a novel use of acknowledgements, i.e. dissertation acknowledgements for mapping doctoral 

candidates’ developmental networks. Staring from the novel empirical approach, I draw network 

maps of doctoral cohorts operationalizing developmental relationships/ ties as the sum of reported 

mentions in dissertation acknowledgements. The genre of acknowledgements has been elaborately 

examined itself - characteristics, expression of gratitude for different types of support, etc. (Cronin 
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and Overfelt, 1994, Cronin and Franks, 2006, Desrochers et al., 2017, Hyland, 2003, Hyland, 

2004) and has also been widely used in social sciences research. For instance, publication 

acknowledgements have been used to measure co-authors’ helpfulness (Oettl, 2012), and closer to 

this dissertations’ methodology, Rose and Georg (2021) used publication acknowledgements to 

map scientists’ informal collaboration networks and investigate whether network position affects 

productivity and scientific impact. In dissertation acknowledgements, prospective graduates can 

freely express themselves, disentangled from the traditional academic writing style, and express 

their feelings and gratitude for career and psychosocial support received during the doctoral 

training while manifesting their professional identity demonstrating their immersion in scholarly 

networks (Cronin and Overfelt, 1994, Hyland, 2004, Hyland and Tse, 2004).  

Being a rich source of information, the use of dissertation acknowledgements as the 

cornerstone of the empirics of this dissertation offers several advantages for the comprehensive 

mapping of doctoral developmental networks. First, they are written at the PhD completion when 

individuals are not prone to recall bias usually occurring in studies where developmental networks 

are built retrospectively, a long period after a relationship flourished (Kirchmeyer, 2005). Second, 

there is no limit in the number of people mentioned contrary to usual data collection methodologies 

in studies examining developmental networks (Hetty van Emmerik, 2004, Higgins et al., 2008). 

Last, being “free” from strict academic writing norms, allows individuals to thank people beyond 

their formal relationships during the training and in turn allows the researcher(s) to capture a wider 

range of developmental relationships (Ragins and Cotton, 1999).  

However, the use of dissertation acknowledgements for the mapping of doctoral 

developmental networks, and the subsequent construction of network measures, does not come 

without some potential limitations. First, since acknowledgements are written at PhD completion, 
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the doctoral candidates that dropped out are not included in the sample. Thus, their effect on 

candidates’ socialization experiences during graduate school, and the respective outcomes of these 

relationships, cannot be captured. Second, another potential limitation is namedropping in the 

candidates’ effort to establish themselves as legit members of the academic community and 

promote their professional identity as highly connected (Hyland, 2003, Hyland, 2004). However, 

this strategizing to gain scientific credibility does not affect the networks built for the empirical 

studies of this dissertation since they only contain doctoral candidates who are all similarly ranked. 

Third, to account for the potential limitation stemming from discipline differences in 

acknowledgements writing code of practice (Cronin et al., 1993) in the third chapter I only use a 

sample of Chemical Engineering graduates and in the fourth chapter I control for departmental 

fixed effects. Fourth, although this genre allows for free expression of feelings and gratitude, the 

acceptable discipline and institutional specific norms and guidelines might entail some reporting 

limitations. For instance, individuals usually mention supervisors, faculty, university staff, 

collaborators, peers, family, friends, social and sports clubs, study participants, pets, etc. (Cronin 

et al., 1993), however, the details provided about their social life might be limited. Hence, 

acknowledgement analysis provides information about the existence of ties yet little insights into 

the nature of these relationships (strength, duration, emotional closeness, etc.).  

The findings of this dissertation contribute to literature and provide a fertile starting point 

for future research directions. First, the empirical evidence on features of doctoral candidates’ 

cohort relationships and their role in their professional socialization process and in turn career 

choices contributes to the literature on doctoral education examining candidates’ socialization 

experiences and potential outcomes. The findings illustrate the critical role of cohort relationships 

and open a new window advancing prior research which focuses on institutional factors and 
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supervisory relationships when examining how graduate school socialization experiences affect 

candidates’ learning, professional identity development and career decision making (Bedeian et 

al., 2010, Broström, 2019, Gaule and Piacentini, 2018, Sauermann and Roach, 2012).  

Second, the findings of the third chapter extend the literature examining gender differences 

in academic settings. In academia, men and women have often different professional socialization 

experiences (Etzkowitz et al., 2000, Fox, 2001) illustrated in the configuration of their 

developmental networks (Hetty van Emmerik, 2004). The evidence from doctoral candidates’ 

developmental networks shows that gender differences in giving and receiving credit for career 

and psychosocial support emerge in the formative career stages of academics. In turn, these 

developmental relationships shape doctoral candidates’ professional socialization experience, 

identity development and career choices as shown in the findings of the last study.  

Third, the methodology used for the empirical studies of this dissertation advances the 

literature on developmental networks trying to address the gap identified by Dobrow et al. (2012) 

in that existing research lacks the “mutuality” perspective. To the best of my knowledge the present 

studies are the first to account for the reciprocity of a developmental relationship, providing a 

deeper understanding of the influence entailed and its importance in shaping doctoral candidates’ 

decision to pursue an academic career.  

Fourth, the findings advance the literature on peer effects in the academic context (Agrawal et 

al., 2017, Bercovitz and Feldman, 2008, Sacerdote, 2001) by showing that relationships among 

doctoral candidates, being an integral element of graduate school experience, facilitate candidates’ 

professional socialization and in turn career choices. The findings are consistent with the work of 

Bragg (1976) in that individuals being socialized in a discipline specific environment identify role 

models, learn and seek feedback by them, refine attitudes to receive validation, etc. all of which 
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are critical for their professional socialization, identity development and career decision making 

process.  

The findings have important implications for educational institutions and all the relevant 

shareholders considering the importance of PhD programs for both the advancement of scientific 

research and doctoral candidates’ career preparation - either this translates to a career in academia 

or a career in industry - for the growth of universities. More specifically, the evidence presented 

in this dissertation provide valuable insights into candidates’ professional socialization 

experiences within their cohorts and how these affect their professional identity development and 

subsequent career choices. Understanding the effects of candidates’ developmental relationships 

with fellow candidates at the outset of their careers is essential for both institutions (PhD deans, 

supervisors, etc.) and policy makers. The understanding of these effects may inform the design 

and structure of doctoral programs to provide prospective candidates the necessary professional 

development support (training, extra curriculum activities, opportunities for formal and informal 

networking, etc.) ensuring that graduate training is an effective period for their professional 

identity development.  

Doctoral candidates’ professional socialization highly depends on their interactions with 

supervisors, faculty, peers, etc. within a specific academic setting which have a profound effect on 

their graduate school experiences for their learning, behavioral modelling, and professional 

identity development (Bragg, 1976). Despite the support and encouragement that relationships 

with fellow candidates entail they are viewed as informal in the PhD practice (Mantai, 2019) and 

thus, their effects on various outcomes, including career decision making process, have not been 

explored in depth yet. The findings of this dissertation coupled with prior research illustrate that 

doctoral candidates’ relationships with fellow candidates are essential for their socialization 
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experiences during graduate school and constitute a starting point for future research to better 

understand these experiences and the respective effects. First, future research should investigate 

how these early career developmental networks affect PhD recipients’ career performance both in 

academia and in industry. Second, addressing a limitation of the last study, labour market 

conditions at graduation which inform doctoral candidates’ employment outcomes (Conti and 

Visentin, 2015) should be accounted for since labour market constitutes one of the main 

determinants of their career decision making process. Third, there is a need for qualitative research 

to capture information on the dynamics of candidates’ developmental relationships with fellow 

candidates, mutually recognized or not, that cannot be captured from developmental networks built 

from dissertation acknowledgements. Qualitative data will both support the empirical evidence 

presented in this dissertation and allow further exploration of the types of support exchanged 

(career or psychosocial), the strength, the emotional closeness, the duration, and the respective 

impact of these relationships on candidates’ professional socialization experiences. A deeper 

understanding of how doctoral candidates engage to and rely on developmental relationships 

(engagement patterns) at the outset of their career will allow researchers to infer, among others, 

about the determinants of candidates’ professional identity development and career choices.  
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