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ABSTRACT
Faculty and peer interactions play a key role in shaping graduate student socialization. Yet,
within the literature on graduate student socialization, researchers have primarily focused
on understanding the nature and impact of faculty alone, and much less is known about
how peer interactions also contribute to graduate student outcomes. Using a national
sample of first-year biology doctoral students, this study reveals distinct categories that
classify patterns of faculty and peer interaction. Further, we document inequities such
that certain groups (e.g., underrepresented minority students) report constrained types
of interactions with faculty and peers. Finally, we connect faculty and peer interaction
patterns to student outcomes. Our findings reveal that, while the classification of faculty
and peer interactions predicted affective and experiential outcomes (e.g., sense of belonging, satisfaction with academic development), it was not a consistent predictor of more
central outcomes of the doctoral socialization process (e.g., research skills, commitment
to degree). These and other findings are discussed, focusing on implications for future
research, theory, and practice related to graduate training.

INTRODUCTION
Doctoral training is largely understood through a socialization framework. As Bragg
(1976, p. 1) explained, the graduate socialization process describes how a student
“acquires the knowledge and skills, the values and attitudes, and the habits and modes
of thought … all learning—the affective as well as the cognitive.” Within graduate
socialization theory, both faculty and peers serve as key socialization agents that shape
training experiences and related outcomes (Weidman et al., 2001; Austin, 2002;
Gardner, 2007). Researchers argue that these socialization experiences in the early
stages of doctoral study have a critical impact on student retention (Golde, 1998, 2000;
Lovitts, 2001) and subsequent academic achievement (Paglis et al., 2006). Interactions
with faculty and peers may be of particular importance in science-related disciplines, in
which laboratory-based group research is dominant (Cumming, 2009; Stephan, 2012).
A substantial number of studies have identified different types of support that
faculty members provide to their students and have documented the associations
between faculty support and doctoral outcomes (e.g., Tenenbaum et al., 2001; Zhao
et al., 2007; Gardner, 2010; Noy and Ray, 2012). Fewer studies of graduate socialization also have taken peer interactions into account (e.g., Flores-Scott and Nerad,
2012; Meschitti, 2018), yielding promising findings that warrant further exploration.
However, existing studies typically adopt qualitative approaches, which limits the generalizability of the findings. Conversely, existing quantitative studies tend to rely on
variable-centered methods, which can obscure individual variation in the way students
interact with both faculty and peers (i.e., previous studies tend to consider faculty
interactions and peer interactions as independent from each other). The current study
examines faculty and peer interactions through the lens of person-oriented analyses,
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with the intent of identifying “latent classes” or categories that
capture consistent patterns of socialization that emerge across
individuals.
Using a national sample of first-year biology doctoral
students, this study aims to 1) identify and classify doctoral
student faculty and peer interaction patterns, 2) investigate
associations between students’ interaction classifications and
their demographic characteristics, and 3) connect students’ faculty and peer interaction profiles to a wide range of affective
and cognitive doctoral outcomes.
LITERATURE REVIEW
Doctoral Socialization Theory
Guided by socialization theories (Weidman et al., 2001;
Weidman, 2010; Austin, 2002), this study focuses on first-year
doctoral student experiences in biology departments. From this
perspective, doctoral training is a process through which
students develop and internalize essential knowledge, skills,
behaviors, norms, and identities for becoming members in their
chosen scholarly fields.
However, given that different academic disciplines and fields
have their own structures, cultures, values, and scholarly practices, doctoral students’ experiences necessarily differ depending on the departments and programs to which they belong
(Austin, 2002; Golde, 2005; Gardner, 2007; Zhao et al., 2007).
For instance, biology primarily relies on team-based laboratory
research (Cumming, 2009; Stephan, 2012), so the research
laboratory functions as the central site of socialization (Golde,
1998). These students’ training activities are, relative to humanities disciplines, more collaborative in nature and entail more
frequent interactions with their faculty mentors and peers
(Turner et al., 2002). Such differences between disciplines highlight the importance of examining socialization experiences
within specific disciplinary contexts.
The process of doctoral socialization is developmental and
dynamic, occurring through a series of overlapping stages
(Tinto, 1993; Lovitts, 2001; Weidman et al., 2001). According
to Lovitts’s four-stage model, during the prior and anticipatory
socialization stage (preadmission), students select a doctoral
program and develop initial expectations about academic and
social aspects of doctoral experiences. The entry and adjustment
stage (the first year) is characterized by the students transitioning from being outsiders to insiders in their chosen programs
and research communities. In many biology programs, students
are expected to begin their course work during this stage, and
they are also required to rotate through several laboratories to
identify a match with a faculty member to serve as a long-term
mentor and research supervisor (Maher et al., 2018). In the
development of competence stage (the second year through to
the attainment of candidacy status), students are required to
complete the course work and qualifying examinations. At the
same time, they are involved in different research projects in
their laboratories, and some of these students are also assigned
to teach undergraduate courses. Finally, the research stage
(completion of dissertation) requires students to finish their
dissertations and to prepare for their professional careers after
graduation. Although doctoral students’ training experiences
need to be understood within the unique context of each stage,
the early periods in socialization are especially important, due
to their relatively stronger influence on critical doctoral out18:ar59, 2

comes. For instance, the highest rate of attrition occurs during
the first 2 years of doctoral study (Nerad and Miller, 1996).
Studies report that this early attrition is largely caused by
unfavorable socialization experiences, such as mismatches
between prior expectations and reality in doctoral life (Golde,
1998; Lovitts, 2001), problematic advising relationships (Maher
et al., 2018), and low levels of academic and social interactions
with others (Tinto, 1993).
Student–Faculty and Student–Peer Interactions
Faculty and peers have been considered the two most important
socialization agents that shape students’ daily experiences and
affect desired doctoral outcomes (Gardner, 2010; Weidman,
2010; Flores-Scott and Nerad, 2012). Doctoral students’ interactions with faculty can come in different forms. For example,
Weidman and Stein (2003) suggest four types of graduate
student–faculty interactions: social, academic (field-related),
intellectual (non–field related), and personal. Further, research
on doctoral advising and mentoring has identified specific roles
of faculty members (e.g., Tenenbaum et al., 2001; Zhao et al.,
2007; Barnes and Austin, 2009; Noy and Ray, 2012). For example, Zhao et al. (2007) found four distinct, student-reported
behaviors of faculty advisors that capture both positive and negative aspects of the advising relationship: academic advising,
personal interactions, career development, and cheap labor
(i.e., treating students as a cheap source of labor to advance
their research). These researchers further found that students in
the biological sciences reported lower levels of perceived
academic advising and personal interactions, but higher levels
of career development and cheap labor, compared with their
peers in the humanities and social sciences.
While the roles of faculty and faculty–student relationships
during doctoral training have been well documented in the
literature, surprisingly little attention has been paid to the role
of peers and peer relationships (Flores-Scott and Nerad, 2012;
Littlefield et al., 2015; Meschitti, 2018). This is perhaps because
much of the existing literature has examined doctoral training
through a traditional cognitive apprenticeship model of faculty-to-student mentorship (Flores-Scott and Nerad, 2012; Maher
et al., 2013). However, graduate students tend to interact more
frequently with their peers than they do with faculty (Weidman
and Stein, 2003), and this may be especially true for doctoral
students in lab sciences, where doctoral training happens within
collaborative laboratory settings.
Further, the nature of doctoral students’ relationships with
their peers differ from those with their faculty (Boud and Lee,
2005; Flores-Scott and Nerad, 2012). Flores-Scott and Nerad
(2012) pointed out that while the faculty–student relationship
is likely to be vertical in nature (i.e., faculty advisors transfer
their knowledge and skills to their students), peers are more
likely to have a comentoring relationship, in which they
exchange specific knowledge and feedback with one another. In
a similar vein, recent models of graduate mentorship in laboratory contexts suggests that “cascade mentoring,” in which
graduate students receive substantial mentorship from senior
peers and postdoctoral researchers has become a vital aspect of
doctoral training (Golde et al., 2009). Within the context of
these interactions, it is important to examine both faculty
and peer interactions together to more fully capture doctoral
students’ socialization processes and related outcomes.
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Demographic Determinants of Student Interactions
Beyond the generic role of student, sociodemographic differences also play a role in shaping socialization interactions
(Twale et al., 2016). Studies reveal patterns in how gender can
shape the ways graduate students interact with faculty (e.g.,
Schroeder and Mynatt, 1993, 1999; Seagram et al., 1998;
Nettles and Millett, 2006; Zhao et al., 2007; Ruud et al., 2018).
In fact, Noy and Ray (2012) found that female students tend to
report more affective and instrumental support relative to their
male counterparts, although they posit that this may be due to
the nature of how females are socialized to form emotional connections, which may lead them to actively seek out “secondary
advisors who take interest in their personal lives” (p. 901). With
regard to peer interactions, Sallee’s (2011) study on doctoral
students in engineering documents a gendered socialization
process that privileges masculine values and is characterized by
peer competition and hierarchies. Further, Sallee found that
sexist comments from male students create a hostile peer environment for female students. However, gender differences in
peer interactions among doctoral students are still poorly
understood, indicating a need for further investigations.
Racial/ethnic disparities in student interactions with faculty
and peers have also been documented (Taylor and Antony,
2000; Johnson-Bailey et al., 2009; Gildersleeve et al., 2011;
Twale et al., 2016). For example, Black and Latinx doctoral
students report that their relationships with their advisors are
often constrained by race (Gildersleeve et al., 2011). Further,
research reveals that students of color report isolation from and
strained relationships with peers that result from pervasive
discrimination in their programs (Johnson-Bailey et al., 2009).
While Taylor and Antony (2000, p. 193) found that interactions
with “like-minded peers helped mitigate social and intellectual
isolation” among African-American doctoral students, a lack of
racial/ethnic diversity in doctoral programs may leave students
of color with limited opportunities to develop supportive and
mentoring relationships with their fellow graduate students
(Daniel, 2007).
Research has also documented how doctoral students
interact and socialize with faculty and peers differently based
on international student status (e.g., Rose, 2005; Sato and
Hodge, 2009; Le and Gardner, 2010; Curtin et al., 2013; Zhang,
2016; Takashiro, 2017; Roksa et al., 2018). Studies reveal that
international doctoral students tend to place great importance
on their relationships with their advisors (Le and Gardner,
2010; Takashiro, 2017) and have a greater preference for
faculty mentors who are “interpersonally involved” in their
lives, relative to their domestic peers (Rose, 2005, p. 74). Yet,
they tend to report relatively less positive socialization experiences with faculty (Roksa et al., 2018). In addition, their relationships with faculty tend to be centered around academics
and relatively less personal in nature (Sato and Hodge, 2009;
Takashiro, 2017). Further, similar to the patterns for students of
color, international students report greater isolation from peers
and more negative peer relationships relative to their domestic
counterparts (Le and Gardner, 2010; Roksa et al., 2018).
According to Sato and Hodge’s (2009) study, Asian international doctoral students have difficulty building social interactions with their white peers, apparently due to language
barriers and cultural differences. However, their relationships
with other Asian international students within their doctoral
CBE—Life Sciences Education • 18:ar59, Winter 2019

programs are quite strong and positive both academically and
socially.
Outcomes of Socialization
Within the socialization literature, the most frequently examined outcomes (dependent variables) include persistence
(Golde, 1998, 2000, 2005; Lovitts, 2001; Maher et al., 2018),
satisfaction with advisor (Zhao et al., 2007; Lunsford, 2012),
and publication outcomes (Paglis et al., 2006; Feldon et al.,
2017a). Surprisingly few studies examine individual students’
research skills as a key outcome of their faculty and peer interactions (but see Feldon et al., 2016, 2017b). While publication
data may also reflect students’ abilities to conduct research,
they are still limited in their capacity to measure individual students’ research skills, given the impacts of coauthors, advisors,
reviewers, and editors on the final product (Feldon et al., 2010).
Further, given that many students are unlikely to publish journal articles during their first year of doctoral study, publication
data may have limited value for assessing variations in students’
research skills. The current study, therefore, uses students’
sole-authored research proposals or reports of empirical findings collected before input from faculty advisors or editors to
assess their abilities in various aspects of research skill.
In addition, previous research has also paid relatively less
attention to affective or psychosocial outcomes that can be
influenced by students’ faculty and peer interactions. However,
several empirical studies have confirmed that doctoral students’
positive and supportive relationships with their advisors lead
to increased research self-efficacy (Paglis et al., 2006), a better
sense of belonging in graduate school (Curtin et al., 2013), a
higher level of academic career aspirations (Curtin et al., 2016),
and scholarly productivity (Paglis et al., 2006). Moreover, in
her study of first-year doctoral student attrition, Golde (1998,
p. 56) suggested the four primary tasks of early doctoral socialization. These tasks include 1) developing intellectual competence (“Can I do this?”); 2) facing the realities of life as a
doctoral student (“Do I want to be a graduate student?”);
3) learning about the career path that one is pursuing (“Do I
want to do this work?”); and 4) integrating oneself into the
chosen department or research community (“Do I belong
here?”). Consequently, in this study, we examine whether
student interaction profiles among first-year doctoral students
predict a variety of affective or psychosocial outcomes, including student satisfaction with academic development, goal commitment to degree completion, interest in a future faculty
career, and research self-efficacy.
METHODS
The existing literature on student–faculty and student–peer
interactions among doctoral students relies heavily on qualitative research, often with small sample sizes (e.g., Golde, 1998,
2000; Gardner, 2010; Flores, 2011; Meschitti, 2018). Among
the quantitative studies that do exist, researchers have often
employed variable-centered approaches (e.g., Weidman and
Stein, 2003; Zhao et al., 2007; Noy and Ray, 2012). Because
variable-centered approaches (e.g., regression analysis) primarily concern the relationships among specific constructs of
interest across a whole sample examined, they overshadow
individual heterogeneities within a sample, making it difficult
to identify patterns in how individuals are socialized. In
18:ar59, 3
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contrast, person-centered approaches (e.g., cluster analysis,
latent class analysis) enable researchers to identify meaningful
subsets of students based on distinct combinations on a set of
constructs of interest (Muthén and Muthén, 2000).
Given that socialization theories have been criticized for
their unifying or monolithic nature (Gardner, 2007), these person-centered analyses may shed new light on how individual
doctoral students differ from one another in terms of how they
interact with their faculty and peers simultaneously. In addition, from a practical point of view, the findings from these
types of analyses can provide useful information about specific
support or interventions to meet the needs of unique groups of
students (Lanza and Rhoades, 2013). The present study, therefore, attempted to apply a person-centered technique to examine the joint occurrence of different forms of faculty and peer
interactions within the sample of doctoral biology students.
Accordingly, we address the following research questions:
1. What socialization profiles emerge as a function of first-year
PhD students’ interactions with faculty and student peers?
2. Do demographic characteristics of first-year PhD students
predict the likelihood of membership within a socialization
profile?
3. Does membership within socialization profiles differentially
predict outcomes typically associated with socialization?
Participants
This study was part of a larger research project examining developmental trajectories among doctoral students in the biological
sciences over 4 years. The initially recruited cohort consisted of
336 doctoral students in laboratory-based biology (e.g., cellular,
molecular, genetic biology) who began their degree programs in
the Fall of 2014. The participants attended one of 53 research-
oriented universities or institutions in the United States, with an
average of 6.34 (SD = 5.69, range = 1–24) participants per institution. Based on the Carnegie Classification, these universities
were primarily classified as R1 (highest research activity;
79.2%), followed by R2 (higher research activity; 13.2%), and
other (7.5%). Overall, the vast majority (88%) of our sample
belonged to R1 universities. In addition, most participants were
assigned to research laboratories where they work collaboratively with research team members comprising a primary faculty advisor, other faculty members or postdoctoral researchers,
and fellow students. During the first year of doctoral training,
they were required to rotate through multiple laboratories, not
only to acquire research-related knowledge and skills, but also
to determine a permanent lab in which they would conduct
their dissertation project.
Of the 336 participating students, 200 (59.5%) were female,
132 (39.3%) were male, and four (1.2%) withheld gender data
(i.e., did not respond to the item). Sixty-six (19.6%) participants were international students, 266 (79.2%) were domestic,
and four (1.2%) were unknown. Our sample also included
200 (59.5%) white students, 71 (21.1%) Asian students,
26 (7.7%) Latina/o/x students, 21 (6.3%) Black students, two
(0.6%) Native Hawaiian or other Pacific Islander/American/
Alaskan students, 10 (2.9%) students from other racial/ethnic
groups, and six (1.8%) who had missing racial/ethnic data. In
this study, underrepresented minority (URM) students (n = 59;
17.5%) were identified as those who did not identify as white
18:ar59, 4

or Asian. In other words, URM students included those who
selected one or more Black, Latina/o/x, Native Hawaiian or
other Pacific Islander/American/Alaskan, or “other” racial/
ethnic identity. The demographics of our sample generally align
with those of the sample used in a nationally representative
study of doctoral students (Survey of Graduate Students and
Postdoctorates in Science and Engineering; National Science
Foundation [NSF], 2017).
Procedures
Participants were initially recruited via email from 203 U.S. universities or institutions offering PhD programs in the biological
sciences. Those who responded to the recruitment emails were
screened for their study eligibility and then asked to sign
informed consent forms. Participants were required to complete
self-reported surveys regarding their doctoral experiences and
submit their sole-authored research work (e.g., written research
reports or proposal). Participants received $400 annually as a
participation incentive. The current study uses data drawn from
the first-year survey and performance (e.g. research skills
and productivity). These survey and performance data were
obtained in the Spring and Summer of 2015, respectively.
Measures
Student–Faculty and Student–Peer Interactions. Student
interactions were measured using an eight-item scale assessing
the doctoral socialization experience (Weidman and Stein,
2003). Participants were asked to indicate whether they had
interacted with a professor or a peer in their departments in four
specific ways (0 = no, 1 = yes), such as social conversation, discussion about field-relevant topics, discussion about other topics
of academic interest, and conversation about personal issues.
Academic Development. Students’ perceived academic development measured the degree to which they were satisfied with
their scholarly experience in their doctoral programs (three
items; e.g., “My academic experience has had a positive influence on my intellectual growth and interest in ideas.”). The
internal consistency of the scale was obtained using McDonald’s
coefficient omega, ω = 0.86. This scale was taken from Nora
and Cabrera’s (1996) instrument, and responses were rated on
a three-point Likert scale (1 = disagree, 3 = agree).
Institutional Commitment. Institutional commitment (Nora
and Cabrera, 1996) was measured by asking about the degree
to which students had confidence in the institutions they chose
(three items; e.g., “I am certain this institution is the right
choice for me.”; ω = 0.87). Responses were given on a threepoint Likert scale (1 = disagree, 3 = agree).
Degree Completion. Degree completion (Nora and Cabrera,
1996) was measured by asking about the extent to which
students felt the importance of completing their doctoral
degrees (three items; e.g., “It is important for me to finish my
program of studies.”; ω = 0.91). Responses were provided on a
three-point Likert scale (1 = disagree, 3 = agree).
Sense of Belonging. Sense of belonging was measured using a
three-item scale taken from Bollen and Hoyle’s (1990) study.
Students also rated their subjective sense of belonging in their
CBE—Life Sciences Education • 18:ar59, Winter 2019
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laboratories on a 11-point Likert scale (strongly disagree to
strongly agree). Sample items included “I feel a sense of belonging to my lab/research group.” and “I see myself as part of the
lab/research group community.” The internal consistency coefficient of reliability for the scale was ω = 0.96.
Interest in Faculty Career. A single item was used to ask students about their interest in a faculty career on a three-point
Likert scale (1 = not at all, 3 = definitely).
Research Self-Efficacy. Students’ research self-efficacy was
measured using Kardash’s (2000) instrument assessing individual competencies for specific research skills (10 items; ω =
0.90). Sample items included “To what extent do you feel you
can identify a specific question for investigation based on the
research in your field?” and “To what extent do you feel you can
interpret data by relating results to the original hypothesis?”
Participants responded on a five-point Likert scale (1 = not at
all, 5 = a great deal).
Research Skills. In addition to these affective outcomes, we
also included cognitive outcomes likely associated with students’ interactions. Specifically, we assessed students’ research
skills using their sole-authored work products (e.g., research
report, conference paper). These written papers were scored by
two qualified raters based on a rubric that assesses 13 different
essential research skills (e.g., addressing testable hypotheses,
collecting data, and identifying significances of the study) by
specific criteria. This rubric has been established and validated
in previous studies with graduate students (e.g., Feldon et al.,
2011). The interrater reliability using intraclass correlations
(two-way, random effects) for each of the 13 research skills
ranged between 0.78 and 0.95.
Research Productivity. We also measured students’ research
productivity using their publication records. Participants indicated (no = 0, yes = 1) whether they have published any journal
articles or abstracts or presented papers at conferences since
they began their doctoral studies. The accuracy of these
responses was validated using the citation information.
Table 1 presents the descriptive statistics and correlations for
all of the variables used in this study.
Data Analysis
In our first research question, we focus on identifying the different patterns in peer and faculty interactions among doctoral students. To investigate this, we used latent class analysis (LCA).
LCA is a person-oriented statistical analysis intended to identify
meaningful but unobserved subgroups among individuals on
the basis of their patterns of behaviors or characteristics (Collins
and Lanza, 2010). LCA offers some advantages over other commonly used clustering approaches (Magidson and Vermunt,
2002). In k-means cluster analysis, for example, diagnostic
information is not available. However, LCA provides various
diagnostic statistics to determine the most appropriate number
of distinct classes. In addition, LCA classifies individuals into
classes using model-based posterior membership probabilities.
To select the best-fitting latent class model, we compared
models with two, three, four, five, and six latent classes using
the following information criteria (ICs): Akaike’s information
CBE—Life Sciences Education • 18:ar59, Winter 2019

criterion (AIC; Akaike, 1987), the Bayesian information criterion (BIC; Schwartz, 1978), and the sample size–adjusted BIC
(aBIC). The model with the lowest AIC, BIC, or aBIC value is
generally preferred, but the BIC is often considered the best
indicator for determining the number of classes (Nylund et al.,
2007). In addition to the ICs, the Vuong-Lo-Mendell-Rubin
(VLMR) likelihood ratio test (Vuong, 1989) and Lo-Mendell-
Rubin (LMR) likelihood ratio test (Lo et al., 2001) assessed
whether a model with G latent classes showed a significantly
better fit than a model with G − 1 latent classes. Further, the
entropy value (Celeux and Soromenho, 1996; i.e., indicator of
overall quality of classification) and the average class assignment probabilities were also considered.
Following the selected LCA model, each individual was
assigned to one class based on his or her maximum class assignment probability. The assigned classes were used as categorical
variables for subsequent analyses. Next, we performed a series
of multinomial logistic regression analyses to address our
second research question, which considers the associations
between the LCA designations and students’ demographic
characteristics. Finally, for our third research question, which
examines the connections between different interaction classifications and eight student outcomes, we conducted a series of
multivariate regression analyses, except for research productivity. We used logistic regressions to predict research productivity
by students’ interaction patterns.
We performed all analyses in Mplus v. 8.1 (Muthén and
Muthén, 1998–2017). Missing data were handled using the full
information maximum likelihood technique. To account for
individual students nested within universities, all analyses were
done within a multilevel modeling framework using the Mplus
command: TYPE = complex.
RESULTS
Latent Classes: Patterns of Student–Faculty
and Student–Peer Interactions
We performed LCAs to identify unique classes of doctoral students based on the nature of their interactions with faculty and
peers. To determine the best-fitting latent class model, we compared models with one to six latent classes based on different
criteria (Table 2). The values for the AIC, BIC, and aBIC were all
the smallest with a four-class solution, suggesting that a model
with four classes had the best fit for the data. In addition, the
VLMR and LMR results favored the four-class model over the
three-class model (p < 0.001). The five-class model also did not
provide a significantly better fit than the four-class model
according to the VLMR and LMR tests (p = 0.56), supporting the
four-class model as the best solution. Further, the four-class
model also had a relatively high entropy value (i.e., close to
1; E = 0.81), suggesting that the classes are clearly distinguishable from one another. Finally, the average class assignment
probabilities for students belonging to each of the four classes
were quite high (0.82–0.95), which indicates that students
were classified into their most likely class with high certainty.
Figure 1 shows the four types of doctoral students’ interactions with faculty and peers based on the LCA results. Students
in class 1 showed a pattern of very or relatively high response
probabilities for the answer “yes” for all eight faculty–peer
interaction items. That is, students in this class were more likely
to have one or more peers and professors to interact with in
18:ar59, 5
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−0.33* −0.88
0.00
0.01
0.00
1
1
1
3
3
11
2.65
2.95
8.36
0.49
0.22
1.96

13

—
0.06*
0.62
−0.03
1
3
2.25
0.77

16

18

—
—
−0.34
0.02 0.02
2
0.75
5
38.5
3.41 16.29
0.60 7.71

17

—
0
1
0.29
0.45

19

a

Gender (0 = female, 1 = male); INTLS, international student status (0 = domestic, 1 = international); URM, underrepresented minority student status (URM = 1, Asian = 2, White = 3); SFS, student–faculty interaction: social
conversation; SFF, student–faculty interaction: field-related discussion; SFNF, student–faculty interaction: non–field-related discussion; SFP, student–faculty interaction: personal conversation; SPS, student–peer interaction:
social conversation; SPF, student–peer interaction: field-related discussion; SPNF, student–peer interaction: non–field-related discussion; SPP, student–peer interaction: personal conversation; SAD, student satisfaction with
academic development; IC, commitment to institution; DC, goal commitment to degree completion; SB, sense of belonging; IFC, interest in future faculty career; RSE, research self-efficacy; RS, research skills; RP, research
productivity (0 = yes, 1 = no).
*p < 0.05.
**p < 0.01.
***p < 0.001

1. Gender
2. INTLS
3. URM
4. SFS
5. SFF
6. SFNF
7. SFP
8. SPS
9. SPF
10. SPNF
11. SPP
12. SAD
13. IC
14. DC
15. SB
16. IFC
17. RSE
18. RS
19. RP
Min.
Max.
M
SD

1

TABLE 1. Descriptive statistics and zero correlationsa
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TABLE 2. Fit statistics with latent class modelsa
No. of classes
1
2
3
4
5
6

AIC

BIC

aBIC

Log likelihood

2452.10
2163.06
2113.61
2078.50
2080.02
2083.97

2482.37
2227.38
2211.99
2210.93
2246.51
2284.52

2456.99
2173.46
2129.52
2099.91
2106.94
2116.40

−1218.05
−1064.53
−1030.81
−1004.25
−996.01
−988.99

No. of fpb
8
17
26
35
44
53

VLMR

LMR

Entropy

<0.001
0.19
<0.05
0.55
0.48

<0.001
0.20
<0.05
0.56
0.46

0.78
0.74
0.81
0.85
0.86

Statistics for the selected LCA model are in bold type.
No. of fp, number of free parameters.

a

b

diverse ways in their departments. We therefore named this
class Faculty and Peer: Academic and Social/Personal, with
42.2% (n = 137) of the sample belonging to this group.
Students in class 2, on the other hand, showed high response
probabilities for the answer “yes” for the four peer interaction
items, but relatively lower probabilities for faculty interaction
items. We thus labeled this class Peer Only: Academic and
Social/Personal (n = 134; 41.2%). Students in this class were
more likely to interact with peers in their departments in
multiple ways (e.g., academically, socially, and personally) and
less likely to interact with faculty in the same ways.
Students in classes 3 and 4 showed different patterns of
conditional response probability. Class 3 included students
who interact frequently with their peers, but only in social/
personal conversation. We labeled this class as Peer Only:
Social/Personal (n = 27; 8.3%).
Students in class 4, on the other hand, indicated academic
and field-related interactions with faculty; they showed very

high or relatively high response probabilities for the answer
“yes” for the items asking if they had any peer or professor with
whom to discuss field-related topics. However, their response
probabilities for the answer “yes” for the other six items were
relatively low or moderate. We thus categorized this class as
Faculty and Peer: Field-Related Academic (n = 27; 8.3%).

Differences in Interaction Types by Sociodemographic
Characteristics
Descriptive statistics for distributions of each sociodemographic group within latent classes are summarized in Table 3
and Figure 2. Few differences emerged by gender. Among both
female and male students, Faculty and Peer: Academic and
Social/Personal, was the largest class (43 and 42%, respectively), followed by the Peer Only: Academic and Social/
Personal class (42 and 40%, respectively). The remaining two
interaction classes accounted for a relatively small proportion
of each gender group. This trend was also the case for domestic, white, and URM demographic groups,
respectively. A particularly small proportion of white students fell into the Faculty
and Peer: Field-Related Academic class
(1%).
Very different patterns were observed
among international and Asian demographic groups. For both groups, the proportion of the Peer Only: Academic and
Social/Personal class was the largest (37%
for both groups), and the Faculty and
Peer: Field-Related Academic class also
accounted for a considerable proportion
(27% for both groups).
To further examine how these latent
classes might differ as a function of
students’ demographic characteristics, we
also ran multinomial logistic regression
analyses (see Table 4). These findings
revealed no significant gender differences. However, international student
status significantly predicted interaction
patterns. Compared with domestic students, international students were significantly more likely to belong to the Peer
Only: Social/Personal (odds ratio = 4.01)
and Faculty and Peer: Field-Related Academic (odds ratio = 6.20) classes relative
FIGURE 1. Four types of doctoral students’ interactions with faculty and peers based on
to the Faculty and Peer: Academic and
the LCA results.
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TABLE 3. Interaction class distributions of each demographic groupa

Gender
Female (n = 193)
Male (n = 127)
International student status
Domestic (n = 258)
International (n = 62)
URM student status
White (n = 195)
Asian (n = 67)
URM (n = 58)

Class 1: Faculty and
Peer: Academic and
Social/Personal
(n = 135, 42%)

Class 2: Peer Only:
Academic and Social/
Personal (n = 132, 41%)

Class 3: Peer Only:
Social/Personal
(n = 27, 9%)

Class 4: Faculty and
Peer: Field-Related
Academic (n = 26, 8%)

82 (43%)
53 (42%)

81 (42%)
51 (40%)

16 (8%)
11 (9%)

14 (7%)
12 (9%)

122 (47%)
13 (21%)

109 (42%)
23 (37%)

18 (7%)
9 (15%)

9 (4%)
17 (27%)

92 (47%)
17 (25%)
26 (45%)

87 (45%)
25 (37%)
20 (35%)

14 (7%)
7 (11%)
6 (10%)

2 (1%)
18 (27%)
6 (10%)

The percentages across rows are based on the first-column values.

a

Social/Personal class. In addition, international students were
also more likely to be in the Faculty and Peer: Field-Related
Academic class rather than the Peer Only: Academic and
Social/Personal class (odds ratio = 3.38). In general, domestic
students tended to have a wider range of interactions (e.g.,
academic, social, and personal), while international students’
interactions were limited to specific types (e.g., field-relevant
conversations, social/personal relationships with peers),
revealing distinct inequities in the socialization experiences of
doctoral students.
Analysis by race/ethnicity yielded similar patterns of inequity. Relative to their white counterparts, Asian students were
more likely to fall into the Faculty and Peer: Field-Related
Academic class than the other three classes. More modest differences emerged between white and URM students. Namely,
URM students were more likely to be in the Faculty and Peer:
Field-Related Academic class rather than the Faculty and Peer:
Academic and Social/Personal (odds ratio = 8.12) and Peer
Only: Academic and Social/Personal (odds ratio = 10.65)
classes. No significant differences were observed between Asian
and URM students.

Associations between Interaction Types and Doctoral
Outcomes
We also explored the connections between different latent
classes in faculty and peer interactions to a range of doctoral
outcomes using multivariate (or logistic) regression analyses.
These outcomes include 1) student satisfaction with academic
development, 2) commitment to institution, 3) goal commitment to degree completion, 4) sense of belonging, 5) interest in
future faculty career, 6) research self-efficacy, 7) research skills,
and 8) research productivity.
Before we performed a series of multivariate (or logistic)
regression analyses, we computed the descriptive statistics for
all variables (see Table 5). Compared with the other three interaction classes, students in the Faculty and Peer: Academic and
Social/Personal class had the highest scores on all eight outcome variables. In contrast, students in the Peer Only: Social/
Personal class had the lowest scores on all seven variables,
except for research skills. In addition, interesting patterns were
found in students in the Faculty and Peer: Field-Related Academic class. While these students had relatively higher scores
on satisfaction with academic development, institutional commitment, sense of belonging, and research
productivity, their scores on research
self-efficacy and research skills were the
lowest among the four interaction classes.
Table 6 presents the results of the multivariate (or logistic) regression analyses
predicting each of the outcome variables
by the four interaction classes. We found
significant differences among the interaction classes in four outcomes out of eight,
including satisfaction with academic
development, institutional commitment,
sense of belonging to research community
or lab, and research productivity. Specifically, students in the Faculty and Peer:
Academic and Social/Personal were significantly more likely to report higher
scores on satisfaction with academic
development relative to those in the Peer
Only: Academic and Social/Personal or
Peer Only: Social/Personal classes. In
FIGURE 2. Interaction class distributions of each demographic group.
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TABLE 4. Results of multinomial logistic regressions predicting interaction classes by demographicsa
Class 2 vs. 1
Male vs. female
International vs. domestic
Asian vs. white
URM vs. white
Asian vs. URM

Class 3 vs. 1

B (SE)

p

OR

B (SE)

p

OR

B (SE)

p

OR

−0.001 (0.322)
0.607 (0.509)
0.204 (0.506)
−0.270 (0.331)
0.474 (0.537)

0.998
0.233
0.687
0.414
0.377

0.999
1.835
1.226
0.763
1.607

0.133 (0.375)
1.388 (0.660)
0.379 (0.567)
0.222 (0.552)
0.156 (0.664)

0.723
0.035*
0.504
0.687
0.814

1.142
4.006
1.460
1.249
1.169

0.700 (0.533)
1.824 (0.546)
3.129 (0.934)
2.095 (0.988)
1.034 (0.679)

0.189
0.001**
0.001**
0.034*
0.128

2.014
6.199
22.843
8.124
2.812

Class 3 vs. 2
Male vs. female
International vs. domestic
Asian vs. white
URM vs. white
Asian vs. URM

Class 4 vs. 1

Class 4 vs. 2

B (SE)

p

OR

B (SE)

0.134 (0.365)
0.781 (0.570)
0.175 (0.547)
0.493 (0.478)
−0.318 (0.542)

0.714
0.171
0.749
0.303
0.557

1.143
2.183
1.191
1.637
0.728

0.701 (0.522)
1.217 (0.493)
2.925 (0.866)
2.365 (0.837)
0.560 (0.486)

p

Class 4 vs. 3
B (SE)

p

OR

0.567 (0.542)
0.436 (0.542)
2.750 (0.920)
1.872 (0.996)
0.878 (0.521)

0.296
0.421
0.003**
0.060
0.092

1.763
1.547
15.643
6.504
2.405

OR

0.180
2.016
0.013*
3.377
0.001** 18.632
0.005** 10.647
0.250
1.750

OR, Odds ratio. Class 1: Faculty and Peer: Academic and Social/Personal; class 2: Peer Only: Academic and Social/Personal; class 3: Peer Only: Social/Personal; class 4:
Faculty and Peer: Field-Related Academic; B, unstandardized coefficient; SE, standard error.
*p < 0.05.
**p < 0.01.
a

addition, students in the Peer Only: Academic and Social/
Personal class reported a significantly higher level of perceived
academic development than those in the Peer Only: Social/
Personal class. These results indicate that students who interacted with both faculty and peers were more likely to be satisfied with their academic development at the chosen institutions
compared with students whose interactions occurred mostly
with peers. Further, students interacting with their peers in
more diverse ways (e.g., academically, socially, and personally)
were more likely to feel satisfied with their academic growth
compared with those who had social and personal relationships
only with their peers. Similar patterns were found in the outcomes, institutional commitment, sense of belonging variables,
and research productivity. That is, students who interacted with
both faculty and peers in a more inclusive way were significantly more likely to feel confident in their institutional choice,
to feel assured of their belonging to the research group, and to
have more publications relative to their fellow students who
mostly interacted with peers rather than faculty. In addition,
students whose interactions with their peers were more inclusive tended to be significantly more certain of their selection of
the institution compared with those who interacted with their
peers mostly socially and personally. Finally, our results also
revealed that students in the Faculty and Peer: Field-Related

Academic class were significantly more likely to report a higher
level of institutional commitment than those in the Peer Only:
Social/Personal class. In other words, although a student’s
interaction was restricted in a certain way, if it was field-related
and occurred with both faculty and peers, such interaction was
positively associated with his or her commitment to the chosen
institution compared with peer interactions that happened
socially and personally only.
DISCUSSION
In this study, we identified four distinct classes of doctoral
socialization patterns with faculty and students. Across these
latent classes, specific demographic groups were significantly
more likely to be included in those with lower levels of engagement. Specifically, international, Asian, and URM students were
disproportionately likely to belong to the Faculty and Peer:
Field-Related Academic class compared with other latent
classes. These findings indicate that, while both groups were
successful in engaging both faculty and other students in scholarly interactions, their experiences were constrained to that
mode of socialization and did not reflect broader interactions,
consistent with previous findings (Golde, 2000).
It is notable that URM students were generally as likely as
their white counterparts to belong to the Faculty and Peer:

TABLE 5. Descriptive statistics for student outcomes by interaction classa
Academic development
Institutional commitment
Degree completion
Sense of belonging
Interest in faculty career
Research self-efficacy
Research skills
Research productivity

Class 1 M (SD)

Class 2 M (SD)

Class 3 M (SD)

Class 4 M (SD)

2.87 (0.30)
2.75 (0.45)
2.96 (0.18)
8.79 (1.82)
2.36 (0.80)
3.46 (0.59)
16.54 (8.30)
0.38 (0.49)

2.77 (0.47)
2.62 (0.47)
2.95 (0.20)
8.08 (1.89)
2.18 (0.79)
3.38 (0.60)
16.24 (7.14)
0.25 (0.43)

2.46 (0.64)
2.29 (0.62)
2.86 (0.38)
7.51 (2.24)
1.99 (0.92)
3.32 (0.67)
16.35 (9.09)
0.08 (0.28)

2.74 (0.51)
2.68 (0.42)
2.91 (0.25)
8.35 (2.17)
2.11 (0.71)
3.32 (0.57)
15.39 (6.87)
0.21 (0.41)

Class 1: Faculty and Peer: Academic and Social/Personal; class 2: Peer Only: Academic and Social/Personal; class 3: Peer Only: Social/Personal; class 4: Faculty and
Peer: Field-Related Academic.
a
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TABLE 6. Results of multivariate regressions predicting student outcomes by interaction classa
Academic development
Class 1 vs. 4
Class 2 vs. 4
Class 3 vs. 4
Class 1 vs. 3
Class 2 vs. 3
Class 1 vs. 2

B (SE)
0.133 (0.103)
0.025 (0.110)
−0.290 (0.155)
0.423 (0.154)
0.314 (0.144)
0.108 (0.046)

Class 1 vs. 4
Class 2 vs. 4
Class 3 vs. 4
Class 1 vs. 3
Class 2 vs. 3
Class 1 vs. 2

B (SE)
0.446 (0.389)
−0.263 (0.431)
−0.839 (0.663)
1.284 (0.534)
0.576 (0.524)
0.709 (0.275)

Class 1 vs. 4
Class 2 vs. 4
Class 3 vs. 4
Class 1 vs. 3
Class 2 vs. 3
Class 1 vs. 2

B (SE)
1.284 (1.827)
0.881 (1.808)
2.884 (2.654)
−1.600 (2.326)
−2.003 (2.450)
0.403 (1.167)

p
0.198
0.824
0.061
0.006**
0.029*
0.017*

Institutional commitment
B (SE)
0.073 (0.116)
−0.060 (0.112)
−0.405 (0.146)
0.477 (0.141)
0.345 (0.134)
0.132 (0.059)

Sense of belonging

p
0.530
0.596
0.006**
0.001**
0.010*
0.024*

Interest in faculty career

p
0.252
0.541
0.206
0.016*
0.272
0.010*

B (SE)
0.249 (0.176)
0.084 (0.143)
0.172 (0.229)
0.077 (0.168)
−0.088 (0.170)
0.165 (0.111)

p
0.482
0.626
0.277
0.492
0.414
0.730

B (SE)
0.862 (0.532)
0.247 (0.570)
−1.016 (0.810)
1.879 (0.765)
1.263 (0.832)
0.616 (0.296)

Research skills

p
0.158
0.558
0.453
0.648
0.604
0.137

Degree completion
B (SE)
0.048 (0.050)
0.039 (0.050)
−0.068 (0.090)
0.116 (0.075)
0.107 (0.073)
0.009 (0.027)

p
0.343
0.436
0.448
0.121
0.144
0.753

Research self-efficacy
B (SE)
0.138 (0.130)
0.058 (0.138)
−0.004 (0.159)
0.141 (0.158)
0.062 (0.146)
0.079 (0.085)

p
0.289
0.672
0.981
0.372
0.672
0.353

Research productivity
p
0.105
0.665
0.209
0.014*
0.129
0.037*

OR
2.369
1.280
0.362
6.545
3.537
1.851

OR, Odds ratio. Class 1: Faculty and Peer: Academic and Social/Personal; class 2: Peer Only: Academic and Social/Personal; class 3: Peer Only: Social/Personal; class
4: Faculty and Peer: Field-Related Academic. For research productivity, logistic regressions analyses were performed; B, unstandardized coefficient; SE, standard error.
*p < 0.05.
**p < 0.01.
a

Academic and Social/Personal class, which represents the highest levels and broadest range of socialization interactions. Thus,
the restricted range of socialization for that group appears to
involve interactions with other students that linked to personal
and social modes. However, Asian and international students’
overrepresentation in the Faculty and Peer: Field-Related
Academic class stemmed from their underrepresentation in the
broader modes of socialization with faculty that drove membership in the Faculty and Peer: Academic and Social/Personal
class. As such, it is important to consider both faculty and peer
interactions together rather than looking at a single socialization agent in isolation.
These trends highlight the discrepant experiences of multiple minority groups in the context of doctoral education in the
biological sciences, consistent with previous studies (e.g., Taylor
and Antony, 2000; Roksa et al., 2018). However, in contrast to
other previous findings, there were no gender differences in
socialization patterns. It is possible that these contrasting
demographic findings reflect an overall level of representation
in PhD programs. Females within the biological sciences account
for degree attainment at a comparable (and slightly greater)
proportion than men, but nonwhite students account for substantially lower proportions of degree attainment (NSF, 2015).
The associations between socialization and relevant outcomes, however, present a more mixed picture. Austin and
McDaniels (2006, p. 400) define socialization as a “process of
internalizing the expectations, standards, and norms of a given
18:ar59, 10

society, which includes learning the relevant skills, knowledge,
habits, attitudes, and values of the group that one is joining.”
While membership in latent classes differentially predicted
poorer affective and experiential outcomes in areas such as
sense of belonging, satisfaction with academic development
experiences, institutional commitment, and publication rate, it
did not predict research skill, commitment to degree completion, research self-efficacy, or interest in a faculty career. These
specific measures are important, because they map directly onto
key elements and outcomes of the socialization process. According to Weidman and colleagues (Weidman et al., 2001; Twale
et al., 2016), the central elements and outcomes of the socialization process are supposed to be knowledge acquisition (e.g.,
research skill), investment (e.g., commitment to degree), and
involvement in university and professional communities (e.g.,
publication), forming the basis of scholarly identity (e.g.,
research self-efficacy, interest in faculty career). However, the
absence of relationships between patterns of socialization and
most of these outcomes raises important questions about the
ability of the theory to account for findings beyond feelings of
social connection themselves (i.e., sense of belonging, institutional commitment, satisfaction with academic experiences).
Limitations
There are several important limitations to consider when
interpreting the current findings. First, our measure of peer and
faculty interactions was based on simple yes/no responses,
CBE—Life Sciences Education • 18:ar59, Winter 2019
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which hinders our ability to assess how individual students
differ quantitatively or qualitatively in terms of a certain way of
interaction. For example, there might be a student who had
many productive conversations about his/her research with a
faculty member and another student who experienced one very
disappointing conversation during the same time period, something our measure cannot differentiate.
It is also important to note that demographic identities are
not unitary in nature. Due to small sample sizes, we aggregated
students into three racial groups (URM, white, and Asian/Asian
American). Aggregating students in this way might have
masked meaningful racial/ethnic differences that exist. Likewise, sample size prevented the exploration of intersectionality
as a factor in predicting socialization class or outcomes. Thus,
it is possible that there are gender differences entangled
with racial/ethnic differences or differences for international
students.
The present work also does not account for the demographics of faculty and peers or the extent to which faculty/advisors
and students share or differ in their demographic characteristics. This is especially important when considering the experiences of female, URM, and international students, who may be
more likely to experience negative interactions or bias from
peers and faculty, which may in turn shape subsequent engagement with peers and faculty.
It should be also acknowledged that our findings are limited
to our ability to make casually directional claims about the
influence of students’ socialization experiences on the study
outcomes. Given that the self-reported data of this study were
all obtained at one point in time and all analyses are fundamentally correlational in nature, we were not able to examine the
casual relationship between patterns of student interactions
and their socialization outcomes.
Finally, this study examined students’ socialization patterns
exclusively during the first year of doctoral study. These interactions likely evolve throughout graduate school—especially as
students locate permanent faculty advisors and laboratories in
which they will spend the remainder of their graduate careers.
Thus, patterns may differ for more advanced doctoral students.

While the differences in experiences and outcomes we found
may not directly affect competencies or scholarly productivity
(i.e., students’ abilities to do the jobs of faculty and research
scientists), they do enhance or constrain essential access to professional opportunities and may shape interest and persistence
in those careers over time. For example, prior research has
found that interest in pursuing faculty careers at research-intensive universities differs substantially along demographic lines,
with fewer females and individuals from historically underrepresented racial/ethnic groups remaining interested in becoming
professors after doctoral and postdoctoral training (Gibbs
and Griffin, 2013; Gibbs et al., 2014). Similarly, Estrada and
colleagues (2011) found that the extent to which underrepresented racial/ethnic minority students identified as scientists
and internalized values associated with science predicted
persistence in science and intention to pursue science careers
more effectively than self-efficacy measures. As such, efforts to
mitigate unconscious bias among faculty and graduate students
are vital to reduce the capacity of socialization experiences to
curtail the professional opportunities afforded those whose
skills and productivity otherwise warrant entry into desired
academic and research positions.

Implications
Our findings reveal distinct inequities in how doctoral students
access socialization as a function of their racial/ethnic and
international status during their first year. Despite the lack of
direct impact on multiple outcomes of interest observed in this
study, it is imperative that the field contend with these inequities for both ethical and practical reasons. Underrepresented
populations often report different experiences of their environments than others (e.g., Byars-Winston, 2006; Byars-Winston
et al., 2010; Jaeger et al., 2013; Griffin et al., 2015), highlighting differences in access to support, perceptions of climate, and
career encouragement. Prior research suggests that faculty stereotypes and implicit biases about females and people of color
may shape scientists’ access to and quality of socialization experiences generally, and mentoring specifically (McCoy et al.,
2015; Robinson et al., 2016; Williams et al., 2016). For example, African-American PhD students in the sciences have 61%
lower odds of having a mentor and 71% lower odds of becoming a research assistant after 1 year of graduate study compared
with their white peers (Millett and Nettles, 2006).

Barnes, B. J., & Austin, A. E. (2009). The role of doctoral advisors: A look at
advising from the advisor’s perspective. Innovative Higher Education,
33(5), 297–315.
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