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ABSTRACT
Although first-generation students represent a substantial pro-
portion of doctoral students, few studies have examined their
experiences and outcomes. We contribute to this nascent area
of inquiry by comparing experiences and outcomes of first-
generation and continuing-generation students during the first
3 years of doctoral education. Contrary to expectations, the
results based on a national sample of PhD students in biology
revealed remarkable similarity in experiences and outcomes
between first-generation and continuing-generation students.
One notable exception to this overall pattern of similarity was
research productivity in the second year. By examining the
relationships between students’ experiences and outcomes
over time, the findings illuminate the unique ways in which
socialization experiences are related to specific outcomes and
the extent to which those relationships change across years.
Thus, this study offers initial insights into the nuanced ways in
which students’ socialization experiences contribute to various
outcomes of doctoral education.

ARTICLE HISTORY
Received 10 March 2017
Accepted 29 January 2018

KEYWORDS
Socialization; doctoral
education; first-generation
students; inequality; STEM

First-generation students represent approximately 30% of doctoral degree
recipients (Hoffer, 2003; National Science Foundation [NSF], 2015).1 Yet we
know virtually nothing about their experiences and outcomes in doctoral
programs (see a discussion in Gardner, 2013). While numerous undergrad-
uate studies have examined how parental education relates to college access
and success (see reviews in Cabrera & La Nasa, 2001; Engle & Tinto, 2008;
Grodsky & Jackson, 2009), first-generation students have received remark-
ably limited attention at the doctoral level. There is, in particular, a dearth of
research that has compared experiences and outcomes of first-generation and
continuing-generation doctoral students.

To begin addressing this gap in the literature, we examined three related
questions: (a) Are there any differences in predoctoral research-related
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preparation between first-generation students and their continuing-genera-
tion peers? (b) Are there any differences between first-generation and con-
tinuing-generation students in their graduate school socialization experiences
and exposure to research-related resources? (c) Are there any differences
between first-generation and continuing-generation students’ doctoral out-
comes? And if yes, to what extent do students’ socialization experiences in
doctoral programs contribute to those differences?

We addressed these questions by relying on a national sample of students
in biology PhD programs during the first 3 years of doctoral education.
Building on the literature investigating first-generation students’ experiences
in undergraduate education (e.g., Collier & Morgan, 2008; Pascarella,
Pierson, Wolniak, & Terenzini, 2004) as well as research on racial and gender
inequalities in socialization experiences among doctoral students (e.g., Felder,
Stevenson, & Gasman, 2014; Ramirez, 2016; Sallee, 2011), we expected to
observe notable differences between first-generation and continuing-genera-
tion students across all dimensions—predoctoral and doctoral experiences as
well as outcomes. Contrary to expectations, however, the results revealed
remarkable similarity in experiences and outcomes of first-generation and
continuing-generation students.

In addition to being the first survey-based study of which we are aware
that compared experiences and outcomes of first-generation and continuing-
generation doctoral students, the present study made important contribu-
tions to the broader literature on socialization in doctoral education.
Recognizing that socialization is a longitudinal process (Braxton & Baird,
2001; Gardner, 2009a; Weidman, Twale, & Stein, 2001), we examined the
relationships between socialization experiences and outcomes during the first
3 years of doctoral education. We found a substantial degree of similarity in
first-generation and continuing-generation students’ experiences and out-
comes, with one notable caveat involving research productivity in the second
year. The findings thus illuminate both the consistency and change in
students’ experiences as they move through their doctoral programs.
Further, we examined the relationship between socialization experiences
and student outcomes in a multivariate context that controlled for students’
background characteristics and included a range of their doctoral experi-
ences. The results indicated that only a few socialization experiences pre-
dicted outcomes and that the magnitude of their influence varied over time
and across outcomes. These findings provide greater specificity to the general
expectation that socialization experiences are consequential for student out-
comes, and they offer initial insights into the nuanced ways in which
students’ socialization experiences contribute to various outcomes of doctoral
education.
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Literature review

First-generation and continuing-generation students

Research on first-generation students in doctoral education has been
remarkably sparse. Several reports tracking doctoral recipient character-
istics have indicated that first-generation students represented a substan-
tial proportion of PhD recipients (Hoffer, 2003; NSF, 2015). Those reports
also revealed that among individuals who completed PhDs, first-genera-
tion students were less likely than their continuing-generation counter-
parts to have earned undergraduate degrees from research-intensive
institutions or to have attended the most research-intensive universities
for their graduate studies. First-generation students also took longer to
complete their doctoral degrees and acquired more debt in the process.
Although these reports have provided a useful profile of doctoral recipi-
ents and identified important differences among recipient subpopulations,
they failed to examine the doctoral training experiences that may result in
the divergent outcomes of first-generation and continuing-generation
degree recipients.

Gardner and Holley (2011; see also Holley & Gardner, 2012) provided the
most comprehensive account of first-generation students’ doctoral experi-
ences to date. The researchers interviewed 20 first-generation doctoral stu-
dents across a range of disciplines and years in the program from two
institutions that awarded a high proportion of doctoral degrees to first-
generation students. Aligned with research on social and cultural capital,
Gardner and Holley reported that first-generation students experienced
challenges in navigating their doctoral programs, as they often did not
know the “unspoken” rules. They also experienced disconnects between
their home and graduate program worlds, which affected their sense of
belonging.

These findings were consistent with research on first-generation under-
graduate students. Previous studies have indicated that first-generation stu-
dents frequently experience the transition into college as “intimidating”
(Terenzini et al., 1994, p. 63) and do not feel like they belong (Lee &
Kramer, 2013). As undergraduates, first-generation students faced challenges
navigating college coursework and understanding faculty expectations
(Collier & Morgan, 2008). Compared with their continuing-generation
peers, they were also less likely to participate in extracurricular activities,
and when they did engage, they were less likely to participate in groups such
as student government or Greek life (Pascarella et al., 2004; Stuber, 2011a). In
addition, first-generation students were less likely to communicate and
interact with faculty and were less likely to assist faculty with research for
course credit (Kim & Sax, 2009). Thus, overall, first-generation students are
less likely to be socially and academically integrated within their higher
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education institutions (Lohfink & Paulsen, 2005; Pascarella et al., 2004;
Terenzini, Springer, Yaeger, Pascarella, & Nora, 1996).

Given these challenges, it is not surprising that first-generation college
students’ grades and rates of persistence are lower than those of their con-
tinuing-generation peers (Bowen, Chingos, & McPherson, 2009; Choy, 2001).
Accompanying these disparities in undergraduate experiences and outcomes,
first-generation students are also less likely to pursue graduate education
(Mullen, Goyette, & Soares, 2003; Perna, 2004; Walpole, 2003). In light of
this research, we expected first-generation students to have less positive
doctoral experiences and outcomes than their continuing-generation peers.

The socialization framework

The existing scholarship on doctoral education predominantly utilizes a
socialization framework (e.g., Gardner, 2009a; Weidman, 2010) in which
socialization is defined as “a process of internalizing the expectations, stan-
dards, and norms of a given society, which includes learning the relevant
skills, knowledge, habits, attitudes, and values of the group that one is join-
ing” (Austin & McDaniels, 2006, p. 400). The socialization process is funda-
mentally longitudinal, evolves over time, and is often conceptualized as
occurring in a series of interactive stages (Braxton & Baird, 2001; Weidman
et al., 2001). The earliest socialization stage begins prior to doctoral program
entry and generally ends when coursework begins. Selecting and relocating to
a new institution, meeting program faculty and students, and learning the
expectations of the graduate student role are key tasks in the first stage
(Gardner, 2009a).

Beginning coursework starts the second stage. In many natural science
fields, this stage also includes immersion within disciplinary research, occur-
ring primarily within laboratory rotations in the first year. Rotations provide
students with research experience in diverse laboratory settings and match
new students with faculty members who will become their permanent advi-
sors (Hall, 2006; Maher, Wofford, Roksa, & Feldon, 2018). Being accepted
into a permanent laboratory signifies that fledgling disciplinary researchers
have formally found a departmental “home.” Completing required course-
work, preparing for and taking comprehensive examinations, choosing com-
mittee members, and beginning to identify a research project that could
become one’s dissertation work are key tasks in this stage (Gardner, 2009a).

Reaching candidacy status and undertaking dissertation research marks
students’ transition into the third socialization stage. In the natural sciences,
students’ research projects typically relate closely to their advisors’ area of
expertise, and they are often an offshoot of the line of inquiry currently
under way in the advisors’ laboratories (Knorr-Cetina, 1999). Besides under-
taking and completing a dissertation, key tasks during this stage include
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assessing career marketability and preparing for the transition to an intended
career path after graduation (Weidman et al., 2001).

For disciplines in which laboratory-based research teams are common,
such as biology (Cumming, 2009), the socialization process is reinforced by
interactions among team members within laboratories. Team members often
include the lead faculty supervisor and possibly other associated faculty,
postdoctoral fellows, doctoral students, master’s-level students, and some-
times undergraduates. While all team members participate in the socializa-
tion process, faculty are considered the fundamental socialization agents in
doctoral students’ development as disciplinary researchers (Nettles & Millett,
2006). In the lab environment, faculty supervisors or mentors play a crucial
role in students’ academic and social integration into the discipline (e.g.,
Gardner, 2009b; A. Lee, 2012).

Faculty mentors are also central in facilitating students’ writing for pub-
lication (Kamler, 2008). Several studies have described the importance of
collaboration between faculty and graduate students in producing scientific
publications (Feldon, Shukla, & Maher, 2016; Maher, Timmerman, Feldon, &
Strickland, 2013; Paglis, Green, & Bauer, 2006). Particularly in the early years
of doctoral training (and often beyond), coauthored article topics are usually
dependent on the faculty’s areas of expertise and funding, emphasizing
students’ dependence on faculty for research productivity. Students are also
dependent on faculty for learning the complex process of academic writing,
which involves responding to both explicit and tacit knowledge of disciplin-
ary norms and expectations (Kamler, 2008).

Understanding doctoral students’ socialization experiences and outcomes
in the early years is important as scientific careers exhibit a substantial
amount of path dependence, such that early experiences are consequential
for subsequent outcomes. For example, publications generated during grad-
uate school significantly predicted productivity after degree completion
(Kademani, Kalyane, Kumar, & Mohan, 2005; Paglis et al., 2006), and early
publications led to increased scholarly recognition for faculty (i.e., the
“Matthew effect”; Merton, 1968, p. 56). Similarly, doctoral students reported
that their socialization experiences in the early years of graduate education
greatly affected their subsequent programmatic experiences and outcomes
such as attrition (Lovitts, 2001). Based on her study of the experiences of
doctoral student completers versus noncompleters, Lovitts (2001) found that
doctoral attrition was tightly tied to derailed socialization, in which the
student did not academically and/or socially integrate into his or her depart-
ment. Opportunities designed to facilitate student integration appeared early
in the doctoral program, and students who missed these opportunities—for
whatever reason—struggled to make or find their place in their academic
programs.
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Students from traditionally underrepresented populations have often
reported inequitable socialization opportunities (e.g., Felder et al., 2014;
Herzig, 2006; Sallee, 2011). For example, compared with their White male
peers, women and students from traditionally underrepresented racial/ethnic
groups reported less positive socialization experiences and described the
existence of systemic inequities throughout their doctoral training
(Gildersleeve, Croom, & Vasquez, 2011; Ramirez, 2016; Taylor & Antony,
2000). Further, opportunities to write papers for publication or present at
conferences were not equally distributed across either race or gender (Millet
& Nettles, 2006; Turner & Thompson, 1993). Studies on variation in socia-
lization experiences between first-generation and continuing-generation stu-
dents, however, lag substantially behind.

The present study

We examined doctoral experiences and outcomes for first-generation and
continuing-generation students during the first 3 years of their PhD biology
programs.2 Analyses were conducted separately by year to allow for an exam-
ination of change and stability over time in the experiences of the two groups
of students as well as in the relationship between socialization experiences and
doctoral outcomes. The first 3 years of doctoral education would typically fall
within the second stage of the socialization process described in the preceding
section. By examining each year separately, we can unpack variation within
this stage, which is particularly important in disciplines in which students have
to vie for a spot in a permanent laboratory during this time.

One of the fundamental aspects of socialization that doctoral students
experience is socialization into a field or discipline (Austin, 2002; Golde,
1998), as they acquire the knowledge, skills, habits, and professional norms
that they must master to become active members of a community of scholars
with common research interests and methodologies (Austin & McDaniels,
2006; Merton, Reader, & Kendall, 1957). As such, our study focused on one
discipline to avoid conflating disciplinary differences in socialization prac-
tices with other sources of variation. For example, academic programs across
disciplines have unique features (e.g., laboratory rotations in the sciences that
are unusual in other fields) and vary in their publication practices (e.g., sole-
vs. multiple-authored, journal articles vs. conference proceedings; Kamler,
2008). Holley and Gardner’s (2012) study on first-generation students also
revealed relevant differences in students’ experiences across fields. Studying a
single discipline allowed us to avoid conflating experiences unique to first-
generation students with those that might arise as a function of context
related to the field of study.

Our focus on a science field is warranted given that almost 75% of doctoral
degree recipients in 2014 earned degrees in science and engineering fields
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(NSF, 2015). Among degree recipients, biological sciences are the most
common disciplines with almost a quarter of both first-generation and
continuing-generation students earning degrees in those fields (NSF, 2015).
In addition, microbiology and cellular and molecular biology jointly repre-
sent the largest disciplinary areas within life and environmental sciences
(National Center for Science and Engineering Statistics, 2017), with total
awarded doctorates numbering 38,800 in the United States in 2013 (most
recent data available from this source). Cellular and molecular biology and
microbiology also represent the most gender-equitable (44.3% female) and
ethnically diverse science, technology, engineering, and mathematics (STEM)
subfields by PhDs awarded (68% White with the highest proportion of Black/
African American and Latino/Hispanic respondents as a pooled group).3

This field was also identified as a critical growth sector for the U.S. economy
in the National Bioeconomy Blueprint (The White House, 2012). Given the
size, diversity, and links to economic growth, the fields examined in this
study provide an important opportunity to explore how socialization experi-
ences and outcomes vary by first-generation status.

Data and methods

We recruited participants for this study in two ways. First, program directors
and department chairs of the 100 largest biological sciences doctoral pro-
grams in the United States were contacted by e-mail with information about
the study and a request to inform incoming PhD students about the research
project. Following, to diversify the prospective pool of participants, all public
flagship universities (research-intensive), historically Black colleges and uni-
versities, and Hispanic-serving institutions offering PhD programs in appro-
priate biology subfields were contacted. Collectively, e-mails were sent to
administrators at 203 postsecondary institutions. Those who agreed for-
warded recruitment information on behalf of the study to students, who
then contacted the research team expressing interest in participation. In
instances where programs’ incoming cohorts consisted of six students or
more, campus visits were arranged for a member of the research team to
present information to eligible students and answer questions during pro-
gram orientation or an introductory seminar meeting. Second, e-mails
describing the study and eligibility criteria were forwarded to several listservs,
including those of the American Society for Cell Biology and the Center for
the Integration of Research, Teaching, and Learning Network for broader
dissemination. All students who responded to these e-mails were enrolled in
programs contacted in the first phase of recruitment, suggesting that recruit-
ment efforts approached saturation at the institutional level.

The sample includes 336 students who matriculated into their PhD pro-
grams in the fall of 2014. The sample is distributed across 53 institutions,
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which are overall highly research-intensive, including 42 R1 institutions
(highest research activity based on the Carnegie Classification) and 7 R2
institutions (higher research activity), with the remaining 4 institutions fall-
ing in other Carnegie Classification categories. Overall, 88% of our respon-
dents attend R1 institutions, which closely resembles the Council of Graduate
Schools and Graduate Record Examination’s (2017) nationwide assessment
of 81% of first-year doctoral students in biological sciences. Moreover, 52%
of first-year doctoral students in biological sciences nationwide are female,
with a comparable proportion of 60% in our sample. The Council of
Graduate Schools and Graduate Record Examination does not have informa-
tion on the distributions of 1st-year doctoral students nationwide by race/
ethnicity or first-generation status. Thus, to the extent that national data are
available for comparison, our sample does not notably deviate from the
population.

Measures

We followed the students in the sample through the first 3 years of their doctoral
programs. Students participating in the study completed surveys regarding their
PhD program experiences during each year, which we used as the basis for
measuring their doctoral experiences and outcomes. At the beginning of the
study, they also completed an array of background questions regarding demo-
graphics and their previous educational and research experiences.

Predictor variables
The key independent variable was first-generation status, a dummy variable
representing students whose parents did not complete a four-year college
degree. The sample included 96 first-generation students (29%), 235 con-
tinuing-generation students, and 5 students who did not report parental
education. All analyses controlled for gender (a dummy variable for female)
and race (a dummy indicator for whether a respondent was a member of a
traditionally unrepresented racial/ethnic minority (URM) group, including
African American, Hispanic, and American Indian students).

In addition to demographics, we considered several indicators of stu-
dents’ previous experiences, including months of undergraduate research
experience, whether students completed a bachelor’s degree at an R1
institution (highest research activity based on the Carnegie
Classification), and students’ scientific reasoning at doctoral entry assessed
using the 24-item Lawson’s Test of Scientific Reasoning (Lawson, 1978;
Lawson et al., 2000).

Students’ graduate school experiences were represented by two sets of
indicators, one that described their socialization experiences and the other
that reflected access to research-related resources. Socialization experiences

THE JOURNAL OF HIGHER EDUCATION 735



included: participation in scholarly activities and interaction with faculty and
peers (Weidman & Stein, 2003),4 satisfaction with advisors (Barnes, Chard,
Wolfe, Stassen, & Williams, 2011), and sense of belonging (Bollen & Hoyle,
1990). Weidman and Stein’s (2003) measures were checklists asking students
whether they had participated in various activities. The summary indicator
represented the proportion of the checked items among the available choices
(Table 1A in the Appendix). The other socialization measures were based on
Likert agree–disagree items and represented the average of the items for each
scale (Table 2A in the Appendix).

Research infrastructure was assessed by two indicators: students’ own
assessment of the research infrastructure available to them based on the
Research Infrastructure subscale from Ginns, Marsh, Behnia, Cheng, and
Scalas (2009; Table 2A) and a measure of high research intensity. The latter
represented institutions ranked in the top 50 universities in the nation for
research and development (R&D) expenditures in the biological sciences,
based on the NSF’s (2014) Higher Education Research and Development
Survey.

Outcome measures
We examined three different outcomes: students’ commitments to their goal of
degree completion, students’ commitments to their institution, and their
research productivity. Goal and institutional commitment were measured
using Nora and Cabrera’s (1996) Likert agree–disagree scales (Table 2A).
Given that our sample included PhD students, the overall goal and institutional
commitments were very high. Thus, we created dummy variables for high
degree commitment and high institutional commitment representing students
who agreed with all three statements for eachmeasure (i.e.,M = 3 for each scale).

At the end of the spring semester, participants were asked to identify any
journal articles, conference papers, or published abstracts for which they had
received authorship credit during the academic year. Their responses were
validated through independent researcher verification of citation information.
Research productivity was a binary measure capturing whether students had any
publications (an article, conference paper, or published abstract) in a given year.5

Analysis

We begin by presenting descriptive information on experiences (Table 1) and
outcomes (Table 2) of first-generation and continuing-generation students in
each of the 3 years of the study. We used logistic regression models to predict
each of the outcomes for each survey year. All analyses were adjusted for
clustering of students within institutions using the SVY command with a
CLUSTER option in SAS.6
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Given the longitudinal nature of the data, one of the concerns was attrition
over time. Overall attrition in this study was remarkably low: By the end of
the first year, 96% of the sample was retained (N = 321); by the end of the
second year, 90% of the sample was retained (N = 303); and by the end of the
third year, 86% was retained (N = 289).7 To ensure that our results were not
impacted by attrition across survey waves, we developed attrition (or non-
response) weights (Baulch & Quisumbing, 2011). Nonresponse weights

Table 1. Descriptive statistics (means or proportions) for independent variables by first-genera-
tion status.

First
generation

Continuing
generation

Statistical
significance

Demographics
Female 0.56 0.62 ns
Underrepresented racial/ethnic minority 0.28 0.13 **

Predoctoral experiences
Scientific reasoning score 18.92 20.08 *
Undergraduate research experience
(months)

15.45 17.95 ns

R1 undergraduate institution (%) 0.27 0.42 **
Doctoral experiences Year 1
Socialization
Participation in scholarly activities (%) 0.41 0.37 ns
Interactions with faculty and peers (%) 0.79 0.75 ns
Satisfaction with advisor 2.53 2.49 ns
Sense of belonging 8.69 8.23 ns

Research-related resources
High research intensity (%) 0.38 0.47 ns
Research infrastructure 2.73 2.67 ns

Doctoral experiences Year 2
Socialization
Participation in scholarly activities (%) 0.56 0.52 ns
Interactions with faculty and peers (%) 0.80 0.78 ns
Satisfaction with advisor 2.70 2.70 ns
Sense of belonging 8.96 9.03 ns

Research-related resources
High research intensity (%) 0.38 0.47 ns
Research infrastructure 2.76 2.71 ns

Doctoral experiences Year 3
Socialization
Participation in scholarly activities (%) 0.64 0.61 ns
Interactions with faculty and peers (%) 0.79 0.80 ns
Satisfaction with advisor 2.68 2.62 ns
Sense of belonging 8.95 8.89 ns

Research-related resources
High research intensity (%) 0.40 0.48 ns
Research infrastructure 2.71 2.70 ns

* p < .05. ** p < .01. ns = not statistically significant.
Note. R1 = highest research activity. Significance tests were based on bivariate ordinary least squares (OLS)
regressions for continuous measures and logistic regressions for binary measures; analyses were weighted
and adjusted for clustering of students within institutions.

The sample included 96 first-generation students, 235 continuing-generation students and 5 students
missing parental education data. Ns for each variable varied, as they were based on available cases.

Subsequent regression analyses relied on multiple imputation to address missing data.
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represented the inverse of the probability of responding to the survey. The
calculations were based on a logistic regression model with the outcome
representing whether the student was in the sample at each survey wave. The
model included 15 indicators likely to be related to nonresponse, and weights
were trimmed at the 90th percentile to reduce skewness and kurtosis. In
addition to using nonresponse weights, we estimated the models two other
ways: (a) using all available data for each wave without weights, and (b)
restricting all analyses to respondents who were in the sample in Year 3 (and
thus using the same sample for analyses across all 3 years). Each of the three
specifications led to the same substantive conclusions.

To address missing values, we used multiple imputation, following the
“multiple imputation, then deletion” method (Von Hippel, 2007), in which
dependent variables were used in the imputation of the independent vari-
ables, but dependent variables themselves were not imputed. The number of
cases for the dependent variable thus determined the sample size for each
analysis (see Table 3). The proportion of missing cases for the independent
variables was quite low: Across measures and years, the proportion of miss-
ing cases on the independent variables for each outcome was less than 5%.
For example, in Year 1, using publication as the outcome, the largest propor-
tion of missing cases was for undergraduate research and advisor satisfaction,
both less than 3%. In Years 2 and 3, several measures had approximately 4%
of missing data, including sense of belonging, research infrastructure, scho-
larly activity, and interaction with faculty and peers. Given that independent
variables were missing less than 5% of cases, we ran analyses for five distinct
data sets and used the PROC MIANALYZE command in SAS to combine
them into the estimates presented. Several auxiliary measures were

Table 2. Outcome measures by first-generation status.
First

generation
Continuing
generation

Statistical
significance

High goal commitment
Year 1 0.97 0.93 ns
Year 2 0.82 0.88 ns
Year 3 0.90 0.88 ns

High institutional commitment
Year 1 0.62 0.55 ns
Year 2 0.57 0.56 ns
Year 3 0.63 0.56 ns

Research productivity (any
publications)
Year 1 0.30 0.31 ns
Year 2 0.42 0.50 ns
Year 3 0.59 0.62 ns

* p < .05. ** p < .01. ns = not statistically significant.
Note. Significance tests were based on bivariate logistic regression models, which were weighted and
adjusted for clustering of students within institutions.

738 J. ROKSA ET AL.



considered for inclusion in the imputation routine, but none of them were
correlated with any of the predictors other than belonging at r = .50, and an
inspection of the imputations with and without those indicators did not
reveal notable differences (see Manly & Wells, 2015).

Results

Comparing first-generation and continuing-generation students’
experiences and outcomes

Table 1 indicates that the differences between first-generation and continu-
ing-generation students were observed primarily with respect to the

Table 3. Logistic regression models predicting research productivity.
Year 1 Year 2 Year 3

First-generation −0.263 −0.664* −0.185
(0.295) (0.290) (0.334)

URM 0.239 0.355 −0.414
(0.445) (0.417) (0.401)

Female 0.032 0.297 0.060
(0.279) (0.227) (0.291)

Predoctoral Experiences
Scientific reasoning −0.038 −0.029 −0.049

(0.037) (0.038) (0.037)
Undergraduate research experience −0.002 0.008 0.000

(0.010) (0.009) (0.015)
R1 undergraduate institution 0.072 −0.127 −0.647*

(0.220) (0.255) (0.292)
Doctoral Experiences
Socialization
Participation in scholarly activities 1.766** 1.571* 1.934**

(0.663) (0.687) (0.737)
Interactions with faculty and peers 1.679* −0.460 −0.430

(0.805) (0.556) (0.918)
Satisfaction with advisor 0.236 −0.249 0.134

(0.333) (0.434) (0.346)
Sense of belonging −0.027 0.104 0.075

(0.089) (0.088) (0.098)
Research-related resources
High research intensity 0.297 −0.781** 0.041

(0.289) (0.299) (0.294)
Research infrastructure −0.773* −0.128 0.068

(0.314) (0.416) (0.529)
Previous year’s research productivity
Year 1 publication 1.102**

(0.302)
Year 2 publication 1.358**

(0.283)
Intercept −0.547 −0.079 −0.861

(1.342) (1.342) (1.466)
N 303 297 277

Note. R1 = highest research activity; URM = underrepresented racial/ethnic minority. * p < .05. ** p < .01
(weighted and adjusted for clustering of students within institutions).
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characteristics students brought into doctoral programs, not the experiences
during their studies. Corroborating previous research (Hoffer, 2003; NSF,
2015), first-generation students were more likely to be from traditionally
underrepresented racial/ethnic minority (URM) groups than were continu-
ing-generation students. In addition, first-generation students were less likely
to have attended a research-intensive (R1) institution as undergraduates, and
they had lower scientific reasoning scores at doctoral entry compared with
their continuing-generation peers.

Socialization experiences were remarkably similar across first-generation
and continuing-generation students. We did not observe any statistically
significant differences between the two groups of students for any of the
indicators at any of the three time points. Indeed, the stability in students’
ratings of their doctoral experiences over time was notable. In successive
years, both groups of students began to engage in more scholarly activities.
All other indicators were virtually the same across time.

Table 2 presents descriptive statistics for each of the three outcomes,
separately for first-generation and continuing-generation students. Akin to
the results presented in Table 1 with respect to doctoral experiences, we
found no statistically significant differences between first-generation and
continuing-generation students for goal commitment, institutional commit-
ment, or research productivity. This similarity held across years, with no
statistically significant differences observed at any of the three points in time
examined. Although the overall pattern was one of similarity, it is worthwhile
to note there was more stability in outcomes of continuing-generation
students compared with their first-generation peers. For first-generation
students, the second year appeared to be distinct, as their goal and institu-
tional commitments dropped and their research productivity increased at a
much slower rate. This finding becomes more pertinent in the next section,
in which we discuss regression results.

Regression analyses

Following a review of descriptive results, we ran logistic regression models
for each of the outcomes while controlling for all variables reported in
Table 1, including demographic characteristics, predoctoral experiences,
socialization, and research-related resources. The multivariate analyses were
generally consistent with the descriptive data in showing no differences
between first-generation and continuing-generation students. Given that
those results were redundant with the results of Table 2, in the interest of
space, they are not reported herein but are available from the authors. The
only apparent difference between the descriptive and multivariate results that
emerged was with respect to research productivity in Year 2. In the descrip-
tive results, the gap between first-generation and continuing-generation
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students’ research productivity was of greatest magnitude in the second year,
although it did not reach the level of statistical significance. This finding
changed in the multivariate results. Table 3 includes results from regression
analyses for research productivity in each of the three years. In addition to
including all variables from Table 1, these models controlled for the previous
year’s research productivity to isolate the associations for a specific year, net
of productivity in a preceding year.

Logistic regression analyses indicated no statistically significant differences
between first-generation and continuing-generation students’ research pro-
ductivity in either Year 1 or Year 3. However, the difference was statistically
significant in Year 2. Moreover, the coefficient for Year 2 was approximately
3 times the magnitude of the coefficient in either Year 1 or Year 2. The odds
ratio of 0.51 (calculated as exp[−0.664]) indicates that the odds of first-
generation students having a publication were 0.51 times the odds of con-
tinuing-generation students having a publication. Stated differently, first-
generation students had 49% lower odds of having a publication in their
second year of doctoral training compared with their continuing-generation
peers.

We considered several plausible explanations for the difference in Year 2
results relative to the other two years. Although the analyses were weighted
for attrition, we first examined attrition patterns across years for first-gen-
eration and continuing-generation students. In Year 1, there was no differ-
ence in attrition rates between first-generation and continuing-generation
students (the gap was 0%, p = .97). By the end of the 2nd year, there was a 5-
percentage point gap in attrition between first-generation and continuing-
generation students, and by the end of the 3rd year, there was a 6-percentage
point gap. Neither of these gaps was statistically significant (p = .15 for Year 2
and p = .20 for Year 3). Second, we assessed the possibility that data on
publications from first-generation and continuing-generation students were
differentially missing. While we used multiple imputation for independent
variables, we did not impute the outcomes. We found no difference in the
rate of missing data for publications among first-generation and continuing-
generation students who were in the sample at a given point in time (the
difference was 1% in Year 1, 0% in Year 2, and 2% in Year 3—none of which
were statistically significant).

There could also be qualitative differences in Year 2 experiences between
first-generation and continuing-generation students that were not captured
in this study. The gap in the second year was observed even after controlling
for socialization experiences, which indicated that the socialization experi-
ences examined did not explain the gap. Yet, there may have been other
differences between first-generation and continuing-generation students that
were not captured by our measures. The 2nd year of doctoral studies in
biological sciences presents a major milestone as students begin to work in
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their permanent labs. In most programs, students spend much of the 1st year
rotating through various labs with the hope of finding a permanent lab in
which to spend the rest of their graduate careers. Students in our study
typically rotated through two to four laboratories in their 1st year, and they
all entered the 2nd year working in a permanent lab. Previous work by the
research team (Maher et al., 2018) indicated that some students experienced
challenges transitioning to their permanent labs, in part because the rotation
experience was much more positive than the sustained experience in the lab
once students made a commitment to join. The challenges of transitioning to
a permanent lab may be amplified for first-generation students, as they do
not always understand the “unwritten rules,” which may affect their selection
and transition into permanent labs (Gardner & Holley, 2011). Indeed, goal
commitment and institutional commitment decreased in Year 2 for first-
generation students but not for their continuing-generation peers (see
Table 2).

In addition, we examined correlations between research productivity
measures across years. Overall, research productivity was correlated posi-
tively over time such that students who had publications in a given year
year were more likely to have publications in a subsequent year. Table 4,
however, reveals that the correlations were not always consistent between
first-generation and continuing-generation students. The correlation
between research productivity in the 1st and 2nd years was similar for
the two groups. However, the correlation between Year 2 and Year 3
research productivity was quite strong for continuing-generation students
(r = .422, p < .01) but weak and not statistically significant for first-
generation students (r = .188, p > .05). Although students may have had
projects started in Year 1 that carried over and were finished and pub-
lished in Year 2, this was made less likely by the transition from labora-
tory rotations to permanent placement. While continuing-generation
students may have been settling into their permanent labs in Year 2 and
starting a positive trajectory of productivity, we did not observe the same
for first-generation students. First-generation students seemed to be start-
ing anew in Year 3 without benefitting as much from their accomplish-
ments in Year 2. Further research is needed to carefully study the

Table 4. Correlation coefficients for research productivity across years.
Year 2 Year 3

First-generation students
Year 1 research productivity .242* .113
Year 3 research productivity .188

Continuing-generation students
Year 1 research productivity .275* .120
Year 3 research productivity .422**

* p < .05. ** p < .01.
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laboratory dynamics, particularly as students transition into their perma-
nent labs in the 2nd year, to understand how lab-level mechanisms and
processes beyond those observed in this study contribute to research
productivity over time and variation across different groups.

Table 3 also indicates that doctoral experiences overall were not strongly
related to research productivity. The only measure that was consistently
statistically significant across years was participation in scholarly activities.
Students with greater engagement in scholarly activities were more likely to
have a publication in each year examined, and the magnitude of the coeffi-
cient was relatively similar over time. A few of the other measures were
statistically significant in only a specific year. For example, interactions with
faculty and peers were significantly related to research productivity only in
the 1st year. While positive interactions in the 1st year seemed to be
conducive to greater publication output, that was no longer the case at
subsequent time points.8

To consider the extent to which these patterns may be similar across
outcomes, we present a summary of statistically significant doctoral experi-
ences for the other two outcomes in Table 5. Students’ commitment to
completing their degrees seemed to be largely independent of their doctoral
experiences. There was not a single measure that related consistently to their
goal commitment over time. Only two measures reached a level of statistical
significance, and only one reached statistical significance for each of Years 2
and 3. At the same time, commitment to the institution was related to both
students’ socialization experiences (satisfaction with advisor and sense of
belonging) and research-related resources (high research intensity).9

Moreover, the importance of doctoral experiences for this outcome was
highly consistent over time, as two of the three measures (satisfaction with
advisor and sense of belonging) were statistically significant in all 3 years.
These results reflect the inherent complexity of the socialization process as it
evolves over time, and they urge an examination of how specific socialization

Table 5. Summary of statistically significant associations between doctoral experiences and
commitment outcomes.

High goal commitment High institutional commitment

Year 1 Year 2 Year 3 Year 1 Year 2 Year 3

Socialization
Participation in scholarly activities `
Interactions with faculty and peers X
Satisfaction with advisor X X X X
Sense of belonging X X X

Research-related resources
High research intensity X X
Research infrastructure

Note. Based on logistic regression models akin to those presented in Table 3. X denotes a statistically
significant relationship at p < .05.
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experiences may be related to specific outcomes across the different stages of
the socialization process.

Discussion

Although first-generation students represent a substantial proportion of
doctoral students, literature to date has provided few insights into their
experiences and outcomes. Based on the undergraduate literature on first-
generation students as well as research on disparities in doctoral socialization
experiences of other traditionally underrepresented groups (women and
underrepresented racial/ethnic minority (URM) students), we expected to
observe notable inequalities in experiences and outcomes between first-gen-
eration and continuing-generation students. However, our results did not
support those expectations. We observed few differences between first-gen-
eration and continuing-generation students in either doctoral experiences or
outcomes. Moreover, even though the socialization process evolves over time,
we found remarkable consistency in the overall similarity between first-
generation and continuing-generation students’ experiences during the first
3 years of doctoral education. One notable exception to this overall pattern of
similarity was the finding that first-generation students were much less likely
to have a scholarly publication during their second year compared with their
first-generation peers.

The overall similarity observed in this study between first-generation and
continuing-generation students may reflect a number of intertwined pro-
cesses. Literature on educational transitions has shown that the effects of
family background decrease across transitions (Hout, Raftery, & Bell, 1993;
Mare, 1980). In other words, as students progress through the educational
system, the association between parental education and student outcomes
becomes weaker. This finding is driven in part by a growing selection effect
of first-generation students—those who persist to the next level are increas-
ingly more selected. First-generation students in our sample were highly
selected, having made it through all the prior levels of education and gained
admission into a biology PhD program and defying commonly held assump-
tions and expectations. These patterns are also consistent with the research
describing resilience among first-generation undergraduates (Clauss-Ehlers
& Wibrowski, 2007; Stuber, 2011b) and doctoral students (Gardner & Holley,
2011).

In addition, this study examined a specific set of socialization experiences.
It is possible that other types of experiences or a more nuanced measurement
of the experiences considered herein would produce more variation between
first-generation and continuing-generation students. Although our measures
are commonly used in doctoral education, some of them focused more on
quantity than quality of students’ experiences. Designing measures to elicit
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more nuanced aspects of students’ experiences, particularly with respect to
their interactions with faculty and peers, may illuminate new dimensions of
variation. Moreover, while some general principles about belonging, satisfac-
tion with advisors, and interactions with faculty and peers may be important
across all disciplines, developing socialization measures that speak to the
specific natures of individual disciplines may also be worthwhile. The sig-
nificant difference in publications in the second year of doctoral education
pointed us in the direction of considering laboratory rotations, which are not
present across all disciplines. Moreover, it is possible that a better under-
standing of the laboratory environment in terms of who does what tasks, how
those tasks are assigned, and so on may be particularly important for the lab-
based sciences and have more influence on student outcomes than general
interactions with faculty and peers or advisor satisfaction.

Finally, it is also possible that the same types of experiences have different
meanings for different groups of students. For example, Feldon, Maher,
Roksa, and Peugh (2016) found that socialization experiences, including
coauthoring opportunities with advisors and the quality of mentorship
reported by students, could not explain variation in skill development
among STEM graduate students. Instead, the authors identified patterns of
personal meaning making and autonomy that differentiated between stu-
dents who substantially developed their research skills and those who did
not. These results point to the need to develop instruments that capture
sufficiently fine-grained data on socialization experiences and individual
students’ anticipatory socialization.

In addition to findings regarding the experiences of first-generation stu-
dents, the present study offers valuable insights for socialization theory more
broadly. Our findings highlight the importance of considering variation
across time and outcomes, as well as by subpopulation. Although the socia-
lization process evolves over time, first-generation and continuing-genera-
tion students’ reports of their experiences were remarkably similar during the
first three years of doctoral education. The second year of doctoral study,
however, appeared to pose unique challenges for first-generation students,
which implies that socialization processes may not evolve in the same way for
all groups of students. The overall patterns of socialization and progression
through the stages of the socialization process described in the previous
literature may be more reflective of the experiences of majority groups
than their traditionally underrepresented counterparts.

Moreover, the results indicate that very few socialization experiences are
consistently related to students’ outcomes over time or across measures. This
finding points to a need to develop a more fine-grained conceptualization of
socialization in which specific experiences are linked to specific outcomes
and perhaps at specific points in time. The outcome most influenced by the
typically examined socialization indicators in our study was institutional
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commitment, suggesting that outcomes directly related to the specific insti-
tutional context are most closely related to socialization experiences. At the
same time, socialization experiences were not related to goal commitment,
indicating that institutions have much more influence on commitment to a
particular institution/program than on an overall commitment to degree
attainment. Moreover, in some instances, there appeared to be a one-to-
one correspondence between an experience and an outcome—such as the
relationship between scholarly activities and publications. In the case of
publications, there was one dimension of the socialization experience (scho-
larly publications) that was particularly influential, and none of the other
aspects of socialization played much of a role.

These findings illustrate important opportunities for the further develop-
ment of socialization theory. While studies conducted using samples that
contain a variety of disciplines and subpopulations have provided valuable
insights into graduate student development, our findings suggest that exam-
inations of socialization within individual disciplines can highlight more
nuanced mechanisms that influence important outcomes of doctoral educa-
tion. Further, longitudinal studies may capture inflection points of differen-
tial importance to specific subpopulations. In the case of the current study,
such an inflection occurred in the second year in a manner unique to first-
generation students. By the following year, the publication gap closed, but the
weaker correlation in publication rates over time for first-generation students
may indicate residual impacts of the transition into permanent laboratory
placement. However, it is not clear whether the deviation observed in that
year could be attributed to the differences between first-generation and
continuing-generation students in the meaning derived from typical events,
qualitative nuances in their experiences undetected by current instruments,
or differing socialization mechanisms tied to differences in individuals’ back-
grounds. Further research exploring these possibilities would strengthen our
ability to more effectively link students’ experiences with the outcomes of
graduate study for different sociodemographic groups.

Notes

1. Students who came from families in which neither parent completed a bachelor’s
degree were regarded as first-generation.

2. More specifically, the study focused on “bench biology”—doctoral programs in fields
including microbiology, cellular and molecular biology, genetics, and developmental
biology.

3. No information was available on first-generation status.
4. The original scale included several additional items, which directly referred to author-

ing or coauthoring papers for publication and were thus excluded given that one of our
outcomes was publication.
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5. We combined the three indicators as the overall publication rates were low, especially
in the 1st and 2nd years.

6. An alternative specification would involve estimating an HLM model. However, the
small number of cases combined with a large number of variables precluded estimating
hierarchical linear models (HLM) models. On average, there were only approximately
five students per institution in the analytical sample, and many institutions had an even
smaller number of students (including a number of institutions with only one or two
students). Even baseline HLM models were not able to converge.

7. Attrition was calculated based on the number of students who were no longer in the
sample (either because they left the study or left their graduate programs) by the
end of a given academic year, which was when the publication survey was
administered.

8. We tested interactions between statistically significant doctoral experience indicators
and first-generation status for each year and found no statistically significant interac-
tions. Those findings indicate that to the extent that doctoral experiences are related to
research productivity, first-generation and continuing-generation students benefit
equally.

9. Research infrastructure was also statistically significant at p < .10 in Years 2 and 3.
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APPENDIX

Table 1A. Scholarly activities and interaction with faculty and peers (Weidman & Stein, 2003).
Scholarly activities
Check any of the following activities in which you are/were involved:
Been asked by a fellow student to critique his/her work
Held membership in a professional organization
Asked a fellow student to critique your work
Attended a convention of a professional organization
Performed research of your own that was not required by your program or studies
Called or written to a scholar at another institution to exchange views on scholarly work
Written, alone or with others, a grant proposal
Authored, alone or with others, an unpublished manuscript (not part of a course)

Note. This variable represents the proportion of activities in which a student participates
(i.e., number of selected activities divided by the total number of options).
Interactions with faculty and peers
Is there any professor in your department with whom you . . .
Sometimes engage in social conversation
Often discuss topics in his/her field
Often discuss other topics of intellectual interest
Ever talk about personal matters

Is there another student in your department with whom you . . .
Sometimes engage in social conversation
Often discuss topics in his/her field
Often discuss other topics of intellectual interest
Ever talk about personal matters

Note. This variable represents the proportion of positive responses
(i.e., number of selected statements divided by the total number of options).
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Table 2A. Scales describing students’ doctoral experiences and outcomes.
Satisfaction with advisor (Barnes et al., 2011)
I currently have the primary advisor I want.
There is another faculty member who I WISH was my primary advisor.
I am satisfied with the process by which I came to have my primary advisor.
It was difficult for me to find a faculty member to be my primary advisor.
I am satisfied with the amount of time I spend with my primary advisor.
I am satisfied with the quality of guidance I receive from my primary advisor.

Note. 3-point scale (disagree; neither agree nor disagree; agree).
Cronbach’s Alpha = .79 for Year 1, .81 for Year 2, and .84 for Year 3.
Sense of belonging (Bollen & Hoyle, 1990)
I feel a sense of belonging to my lab/research group.
I feel that I am a member of the lab/research group community.
I see myself as part of the lab/research group community.

Note. 10-point scale (strongly disagree to strongly agree).
Cronbach’s Alpha = .96 for Year 1, .95 for Year 2, and .97 for Year 3.
Research infrastructure (Ginns et al., 2009)
I have access to a suitable working space.
I have good access to the technical support I need.
I have access to a common room or a similar type of meeting place.
I am able to organize good access to necessary equipment.
I have good access to computing facilities and services.
There is appropriate financial support for research activities.
Overall, I am satisfied with the quality of the services and facilities.

Note. 3-point scale (not at all true; somewhat true; completely true).
Cronbach’s Alpha = .84 for Year 1, .84 for Year 2, and .85 for Year 3.
Goal commitment (Nora & Cabrera, 1996)
It is important for me to get a PhD.
It is important for me to graduate.
It is important for me to finish my program of studies.

Note. 3-point scale (disagree; neither agree nor disagree; agree).
Cronbach’s Alpha = .91 for Year 1, .90 for Year 2, and .88 for Year 3.
Institutional commitment (Nora & Cabrera, 1996)
I am certain this institution is the right choice for me.
I am confident I made the right decision in choosing this institution.
I feel I belong at this institution.

Note. 3-point scale (disagree; neither agree nor disagree; agree).
Cronbach’s Alpha = .87 for Year 1, .85 for Year 2, and .84 for Year 3.
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