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Abstract 

Although advising relationships are key for doctoral student success, little research has addressed how they form. 
Understanding the formation of advising relationships can help contextualize their later development and ultimately 
support a student’s decision to persist in the doctorate. To understand relationship formation, the purpose of this 
qualitative study is to identify and describe the types of advisor–advisee selection processes that exist in engineer-
ing, science, and math doctoral programs and examine patterns across disciplines within those fields. We conducted 
interviews with doctoral program directors and engaged in document analysis of graduate student handbooks 
from 55 doctoral programs in the aforementioned fields in high research institutions across the United States. Using 
principal–agent theory as a theoretical lens, our findings showed that engineering programs tend to decentralize the 
advisor selection process by funding students across different funding sources upon enrollment. Contrariwise, science 
and math programs tended to fund all students in a cohort from a common funding source, which allowed students 
to have more time to gather information, meet, and select an advisor. These findings also show important nuances 
when comparing graduate education in these programs that directly impact the doctoral student experience and 
reiterates the necessity to study these fields separately.
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Introduction
The relationship between a doctoral student and their 
advisor is the foundation of the student’s success in 
completing a Ph.D. (Bair & Haworth, 2004; Barnard & 
Shultz, 2020; Barnes & Austin, 2009; Burt et  al., 2016; 
Devos et  al., 2016; Gardner, 2010; Hilmer & Hilmer, 
2007; McCray & Joseph-Richard, 2020; Noy & Ray, 2012; 
Schlosser & Gelso, 2001; Zhao et  al., 2007). Few stud-
ies, however, have focused on how these relationships 

form and, specifically, the facilitation role that doctoral 
programs play in this process. To help students match 
with the best possible advising relationship, we need to 
examine how students currently find their advisors and 
how departments help to facilitate this process (Golde, 
2005; Nettles & Millett, 2006). Understanding this role is 
critical, considering that not all disciplines hold the same 
traditions and practices (Gardner, 2009; Golde, 2005; 
McAlpine et al., 2020).

The doctoral experience is often more likely to resem-
ble others in the same discipline across institutions 
than other doctoral programs within the same institu-
tion (Becher & Trowler, 1989; Biglan, 1973; Hammond, 
2005; Muller, 2009); (Goldman & Massy, 2001; Lattuca 
& Stark, 2009). Multiple theoretical frameworks suggest 
that people and their actions are a product of their envi-
ronments (Edwards et  al., 1998; Kristof, 1996; Weiner, 
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1985), and research in doctoral education has been no 
exception. Numerous studies have shown how depart-
mental and disciplinary differences influence the experi-
ences of doctoral students and faculty advisors (Ferrer de 
Valero, 2001; Hopwood & McAlpine, 2007; Torka, 2018). 
Consequently, doctoral advising relationships are also 
influenced by the environment in which they take place 
(Zhao et al., 2007). In particular, their formation is a pro-
cess that is also facilitated by the department in which it 
takes place (Golde, 2005; Nettles & Millett, 2006), often 
through a process documented in the graduate student 
handbook. Thus, we contend that to help students to 
identify their best possible advising relationship, we need 
to examine how they currently find advisors.

The purpose of this qualitative study is to identify and 
describe the types of advisor–advisee selection processes 
that exist in science, math, and engineering programs 
and examine patterns across fields of study and disci-
plines. We define disciplines as subdivisions of fields of 
study (e.g., engineering is a field of study, and mechani-
cal engineering is one of its disciplines). We focus on sci-
ence, math, and engineering fields because the advising 
relationship has been demonstrated to be critical, as the 
advisor and student often work in close collaboration 
(Zhao et  al., 2007). Using principal–agent theory (PAT) 
as a theoretical lens (Eisenhardt, 1989), we address the 
following questions:

• What advisor selection processes exist across doc-
toral programs in a sample of science, math, and 
engineering disciplines?

• How do these advisor selection processes vary across 
disciplines?

The primary data for this study consist of interviews 
with doctoral program directors and the programs’ hand-
books disseminated to doctoral students. Understanding 
advisor selection processes can offer insight into doctoral 
students’ early socialization into the department.

Advisor selection processes
The advisor selection process is often influenced by dis-
ciplinary traditions (Goldman & Massy, 2001). Some 
programs assign students to an initial, temporary advi-
sor until they find a permanent advisor, while others 
negotiate the selection of an advisor through the admis-
sions process before initial enrollment (Joy et al., 2015). 
The advisor selection process, while influenced by dis-
ciplinary traditions, is often managed by the doctoral 
program under the constraints imposed by both the 
department and institution (Joy et al., 2015; Sowell et al., 
2015). As few studies have focused on these disciplinary 
differences and how students find an advisor, our study 

aims to fill this gap by describing the existing processes 
and their variations by academic disciplines, specifically 
in a sample of disciplines in science, engineering, and 
math.

Although research is rich with information about doc-
toral advising relationships, less is known about how 
these relationships form or how doctoral programs guide 
students and faculty in these processes. Instead, prior 
work has typically reported what students look for in an 
advisor. For example, two key studies compared student 
preferences across disciplines. By evaluating differences 
in advising styles across disciplines, Zhao et  al. (2007) 
demonstrate that students in the sciences tend to select 
an advisor on the pragmatic benefit of that relationship 
over intellectual compatibility or a given advisor’s reputa-
tion. Similarly, Golde and Dore (2001) show that doctoral 
students tend to select an advisor based on an intellectual 
match or research interests; the larger the number of fac-
tors that students considered when selecting an advisor, 
the higher their satisfaction with their advising relation-
ship in the long term. Joy et al. (2015) also explore advi-
sor selection processes in science, math, and engineering 
programs at a large research institution in the U.S. Mid-
west. According to Joy et al. (2015), students mostly focus 
on funding availability and research interests and, sec-
ondarily, on the advisor’s personality and accessibility. 
The faculty perspective in the same study showed that 
faculty members focus on student credentials, such as 
grade-point average or standardized test scores, and stu-
dents’ ability to contribute to the faculty member’s ongo-
ing research. While this study provides key information 
on doctoral advisor selection, the study was based on a 
single institution, conflated multiple science, math, and 
engineering programs under the assumption that their 
processes were the same, and lacked analysis regarding 
the programs’ influence on the selection process.

To our knowledge, no prior study has analyzed the 
selection process itself directly and comparatively in sci-
ence, math, and engineering fields across a large sample 
of institutions. This gap is what we intend to understand 
further through this study. Some studies have focused 
on these processes with a direct look into specific dis-
ciplines. Regarding the selection itself, Schlosser et  al. 
(2003) demonstrate that students value the ability to 
choose and tend to select advisors with whom they 
believe they can work comfortably and successfully; 
these students reported being happier than students who 
were assigned to their advisor. Within science, technol-
ogy, engineering, and mathematics (STEM) fields, Crede 
and Borrego (2012) argue that doctoral engineering pro-
grams are distinctive from other fields of study because 
of the organization into research groups such that the 
advisor selection process also influences the selection of 
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students’ closest work colleagues. While this prior study 
only focused on doctoral engineering students, the prac-
tice of research groups has also been studied in disci-
plines within the sciences. Maher et  al., (2020a, 2020b) 
show that students in biosciences doctoral programs 
evaluate a series of criteria during their rotation periods, 
such as mentoring style, professional stability, research 
projects, and peers in the research group. However, in 
a separate analysis, the authors also demonstrate that 
behaviors exhibited in the rotation period may not be a 
perfect representation of daily doctoral life (Maher et al., 
2020a), a common phenomenon in doctoral recruitment 
(Slay et al., 2019).

Outside of the U.S. context, not much research has 
described how students and advisors pair. Yet, there is 
some insight into what students value in a search for an 
advisor that aligns with findings from the United States. 
For example, Onen (2016) highlights examples in the 
Ugandan context that show how students both value 
agency in deciding with whom they will work while 
simultaneously feeling inadequate and lacking support to 
make this decision. This is similar to findings of some of 
the prior work in the U.S. context (Artiles & Matusovich, 
2022a). In the case of students traditionally minoritized 
in higher education, Grant (2010) describes how Māori 
students in New Zealand prioritize advisor identity in the 
selection process, specifically as to whether the advisor 
could be trusted to properly guide their research in rela-
tion to Māori epistemology and research topics. From the 
faculty perspective, faculty in a Canadian study shared 
similar values in recruiting students, describing how they 
primarily relied on intuition as a criterion when select-
ing which doctoral students they offered a position to 
(Denis et al., 2018). These findings speak to the broader 
value of trust in an advising relationship that Robertson 
(2017) highlights as critical in advising scenarios (spe-
cifically for those who do co-advising). Ensuring success 
based on trust can be a gamble for both students and 
faculty. Considering this body of work, we conclude that 
both within and beyond the U.S., both students and fac-
ulty still value having agency in their advisor selection 
process and often have to resort to non-tangible factors 
in this decision process that relies on trust. However, the 
specific factors considered and weight assigned to these 
factors are not always consistent and will inevitably vary 
across individual preferences, fields of study, and discipli-
nary traditions.

Admissions and onboarding into the doctorate
Advisor selection is often connected to the admissions 
processes of a doctoral program, making it difficult to 
separate the two. For example, first contact is typically 
when students reach out to faculty members before 

admission in an effort to learn more about the program 
or find information about potential funding sources (Noy 
& Ray, 2012). These first contacts can have consequences 
on admissions and advisor selection processes. For exam-
ple, research has shown that professors are often less 
likely to respond to emails from students whose names 
suggest them to be female or from a traditionally under-
represented group (Milkman et al., 2012). Similarly, Bor-
rego et al. (2021) showed that it is often this first contact 
through admission that dictates the funding mecha-
nism that students are offered. However, this process is 
often unclear to students and limits their agency in what 
mechanism (e.g., teaching or research assistantship) they 
are offered, which could have important implications on 
their subsequent opportunities within their program and 
beyond (e.g., Grote et  al., 2021; Kinoshita et  al., 2020). 
Prior work has also shown that students rely on both for-
mal and informal networks to decide who they want their 
advisor to be (Maher et  al., 2020b), which puts women 
and certain minoritized students at a disadvantage as 
they are often isolated in doctoral education (Posselt 
& Grodsky, 2017). As if these networking barriers were 
not enough, traditional measures of success in gradu-
ate admissions in STEM often lean towards quantita-
tive measures of performance, such as standardized test 
scores and grade-point average, which have been shown 
to not be the best measures of success towards degree 
completion (Posselt, 2015; Posselt et  al., 2019; Scherr 
et al., 2017) and systemically discriminate against under-
represented students (Miller et  al., 2019; Weeden et  al., 
2017).

Yet, despite these barriers, other modes of recruitment 
and admission processes have been shown to help to 
diversify the applicant pool and provide support struc-
tures in the onboarding process for students. For exam-
ple, Rudolph et al. (2019) and Moreira et al. (2019) show 
that bridge programs could help students to reframe 
their future academic experiences and help participants 
to have an easier time adapting and succeeding within 
the doctoral programs. Similarly, Posselt et  al. (2018) 
show that policy changes, even when unintentional, can 
expand diversity during recruitment. Thus, analyzing 
existing admissions policies and practices can be a pro-
ductive activity for understanding potential impacts on 
the advisor–advisee selection process.

Concerning onboarding, not much research has 
addressed this part of the process as it relates to advi-
sor selection. We are unaware of literature that describes 
a typical onboarding process in doctoral education, but 
some work describes student preferences in what the 
process should allow. Polmear and Simmons (2020) stud-
ied one research group’s onboarding practices and found 
that onboarding is a team activity in which all students 
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participate, which represents a way to perpetuate the 
group’s culture. This practice allows the culture to self-
sustain, develops the group’s sense of community, and 
enables positive communication around shared expec-
tations. Two studies of early doctoral students highlight 
how incoming students value this explicit clarification 
of roles and responsibilities as well as provision of sup-
port (Guillaume et  al., 2020; Hayles, 2021). Such clarity 
and access alleviate students’ anxiety when entering a 
doctoral program. While these activities and preferences 
are described as occurring after admission and pos-
sibly selection, we argue that they should be embedded 
in the selection process as they can help students to be 
informed of what working with any given faculty member 
will ultimately entail in practice.

Theoretical underpinnings
This study is grounded in PAT (Shapiro, 2005), which 
posits that there is a principal who desires a task to be 
done, an agent to whom the principal outsources the task, 
and a contract that stipulates conditions for the comple-
tion of the task (Shapiro, 2005). The agent and principal 
are bound to each other by a contract that leads to an 
outcome (refer to Fig. 1). The goal of PAT is to determine 
the relationship between the principal and agent based 
on the contract conditions that classify a contract either 
as behavior-based or outcome-based.

PAT states 10 propositions that describe the contract 
between an agent and the principal; these propositions 
describe how information is shared between the princi-
pal and agent, what tasks are requested in the contract, 
the distribution of risk, and how the contract develops 

over time. How these elements are managed will deter-
mine if a contract is behavior-based or outcome-based. 
In contracts that are behavior-based, the principal 
specifies behavior for the agent to perform as they com-
plete the task. In contracts that are outcome-based, the 
principal requests a specific outcome from the agent 
without regulating their behavior throughout the com-
pletion of the task.

PAT has been predominantly used in higher educa-
tion research to study the relationship between the gov-
ernment and higher education administration (Lane, 
2012). However, some newer studies have focused on 
the institutions’ interactions with students. For exam-
ple, Lozano and Hughes (2017) use PAT to study how 
student representatives in governing boards act on 
behalf of the student body’s interests. Similarly, Dill 
and Soo (2004) argue that this theory helps to repre-
sent inefficiencies in how students select institutions 
and courses. Closer to the topic of graduate educa-
tion, through the lens of PAT, Flora (2007) synthesizes 
the legal arguments on whether graduate students are 
employees of the university or not. There is still much 
room to grow in applying this perspective within higher 
education research, particularly in studying interac-
tions between faculty and students in academic pro-
grams. Further, theories stemming from economic 
traditions can provide insight into what human behav-
ior one can expect from certain scenarios (Thaler & 
Sunstein, 2008). Therefore, our study moves forward 
from the traditional uses of PAT by using it as an inter-
pretive means for the interactions occurring between 
students and faculty members in doctoral programs.

Based on the theoretical definitions, in this analysis, 
we propose that the principal consists of the faculty 
members leading the program (as they represent the 
organization), and the agent is the student. The desired 
outcome for both the program and student is the 
selection of an advisor. The contract consists of estab-
lished rules for the advisor selection process; as such, a 
behavior-based contract refers to those processes that 
structure how the student will make the advisor selec-
tion, and an outcome-based contract will be a scenario 
without a set of structured rules for making this choice. 
Using this operationalization, we examine the practices, 
as described in interviews and handbooks, regarding 
how to find an advisor to analyze how information is 
shared between parties, what tasks must be completed 
before selection, the distribution of risk between fac-
ulty members and students in the program, and over 
how much time the contract process takes place. Ana-
lyzing this information about the advisor selection pro-
cess through the lens of PAT as described by Eisenhardt 

Principal Agent

Outcome

Contract

Principal– Agent Relationship
Fig. 1 Diagram of principal–agent relationship
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(1989) provides a new way to interpret existing advisor 
selection practices.

Methods
This study was grounded in supplementary second-
ary analysis method (Heaton, 2004), which refers to an 
approach whereby an emergent aspect of previously col-
lected data was not fully addressed in the primary study 
and is investigated in-depth (Heaton, 2004). Our study 
consisted of two main data sources: (1) previously col-
lected semi-structured interviews with graduate program 
directors of multiple Ph.D. programs, and (2) student 
handbooks that describe the rules of each Ph.D. program 
of the interview sample. By using both data sources, we 
were able to obtain a holistic view of the process as prac-
ticed in each program.

Data
This study was conducted in accordance with approved 
human subject research protocols. The interviews used in 
this study originated from a different study [de-identified 
for review], where the main objective was not to under-
stand the advisor selection process but rather how pro-
grams strategize about the allocation and distribution of 
graduate student funding in science, math, and engineer-
ing doctoral programs. Although the original objective 
of these interviews differs from that of the current study, 
these interviews ask the question, “How do students find 
advisors in your program?” as well as follow-up ques-
tions on the advisor selection process as practiced in the 

sampled doctoral programs. These responses were used 
to capture features of the process that may not be avail-
able in the graduate student handbooks. Interviews were 
held between the Fall of 2017 and Spring of 2018.

The main unit of analysis for this study was the doc-
toral program—our study included an analysis of 55 U.S.-
based doctoral programs in the fields of science, math, 
and engineering in high research institutions, as defined 
by the Carnegie classification system (Shulman, 2001). 
Figure  2 summarizes the programs by counts per disci-
pline. The disciplines are not a complete sampling of all 
science, math, and engineering disciplines but a purpo-
sive sample of those disciplines with large enrollments. 
The institutions are a combination of private and public 
institutional control and were sampled from across the 
country for geographical variety.

We complemented the interviews with a document 
analysis (Leech & Onwuegbuzie, 2007) of the advisor 
selection process as written in the graduate student hand-
book or equivalent for each program. These documents 
were obtained via a search of the programs’ websites or 
through an email request to the program coordinators. 
The combination of these two data sources helped to 
identify the formal advisor selection process practiced in 
the program, exceptions or variations to that process, and 
information regarding the process that would not typi-
cally be documented in a graduate student handbook. We 
paraphrased the original handbooks so that the programs 
remain un-identifiable.

0 1 2 3 4 5 6 7 8 9 10

Math

Physics

Chemistry

Biology

Mechanical Engineering

Civil Engineering

Electrical Engineering

Chemical Engineering

Fig. 2 Number of doctoral programs per discipline
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Data analysis
We used PAT as a lens to understand the process that 
guides the formation of advisor–advisee relationships. 
Studying how these processes compare across disci-
plines provides insight into the policies and practices 
of doctoral programs. Our process consisted of three 
steps: data preparation, coding, and analysis (refer to 
Fig. 3).

Using a pragmatist worldview (Lincoln & Guba, 
1985), we first developed a full characterization of the 
processes found in each program by comparing the two 
data sources, interviews and handbooks, thus building 
on both formal and informal components of the pro-
cess. Open attribute coding (Miles et  al., 2014) of the 
resulting full characterization of processes yielded four 
emergent dimensions of the advisor selection process: 
(1) who is making the selection of the advisor, (2) the 
timelines for the selection, (3) the information pro-
vided for the selection, and (4) the influence of funding 
in the selection process. We then conducted focused 
coding within each of these dimensions (Miles et  al., 
2014), which helped to collapse the attributes data into 
emergent subcodes of discrete categories within the 
dimensions. The themes resulting within each dimen-
sion as a function of the focused coding allowed us to 
infer analogous relationships between the PAT ele-
ments and the emergent dimensions of advisor selec-
tion processes in the assessed programs. Finally, the 
findings of such coding were analyzed for discipli-
nary patterns. Table  1 displays the codebook used for 
the analysis and includes examples of how data were 
coded.

Research quality
Our findings were generated as described above and were 
then triangulated between both data sources to ensure 
that the process was not misinterpreted from any one 
source (Tracy, 2010). Although we found no cases of an 
explicit contradiction between the interviews and hand-
books, there were some programs where single source of 
data did not provide enough information to fully under-
stand the process, reiterating the need for using both the 
interviews and handbooks. The approach and findings 
were audited by researchers both within the original pro-
ject from which the interviews were sourced and outside 
of the project to ensure that multiple vantage points were 
being considered when interpreting findings (Heaton, 
2004).

Limitations
The main limitation is that this study used a sampling 
of doctoral programs in science, math, and engineer-
ing that did not include all the disciplines within these 
fields. Therefore, any conclusion obtained from this 
secondary analysis is limited to the sampling scope of 
the original study. In addition, the data only provided 
the viewpoint of the program director and what they 
believe the program does to help students to find advi-
sors as well as the handbooks that they develop for 
students and faculty. This view represents strictly the 
perspective of the program and may not reflect the 
experiences of other faculty members and graduate 
students, which are discussed elsewhere (de-identified 
for review). Similarly, the described process focuses on 
the most typical practices for each program. While on 

Step 1 - Data Gathering Step 3 - AnalysisStep 2 - Attribute coding

Focused Coding

Analysis Steps

• Who is executing the selection?
• When is the selection finalized?
• How does funding influence this 

process?
• What/How is information is being 

provided to student and faculty?

Written 
Procedure

Interview 
Quote

Process 
Description

• Disciplinary Patterns
• Links to Agency Theory

(Saldaña, 2009)

• Categorize the codes obtained 
above

Fig. 3 Qualitative data analysis steps
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no occasion did the interviews explicitly contradict the 
manuals, the interviews did provide occasional exam-
ples of exceptions to the process. For these instances, 
the programs were classified by the processes experi-
enced by the majority of their students as described in 
the interviews. Further research should look at these 
other perspectives and exceptions to the common prac-
tice to further understand what occurs in departments.

Findings
Advisor selection processes consisted of the following 
four elements (as shown in Fig. 4): (1) the selection pro-
cess, (2) the role of funding in the selection process, (3) 
the timing of the selection relative to student enrollment, 
and (4) the information systems available to students 
before the selection of an advisor. The patterns in rela-
tionships between the four elements are highlighted with 
arrows (see Fig. 4).

Programs were first constrained by selecting how stu-
dents and advisors find each other. This selection process 
was further constrained based on the program’s funding 
model. By constraining the first two elements, programs 
then had a timeline range within which they require a 
decision. Finally, this timeline determined which infor-
mation systems could be implemented. The following 
sections dive deeper into each element and describe the 
distinct patterns by disciplines and fields of study.

Selection process
Each program in our sample can be classified distinctly 
into one particular type of process, which varies in how 
the selection is made and structured: (1) students and 

advisors self-select without the program intervention, 
(2) programs assign a temporary advisor and then stu-
dents and advisors self-select, and (3) formal matching, 
which is completed by the program, assigns students to 
advisors.

In the first type of process, the student and advisor have 
complete control over the selection process and are free 
to select whomever they want to work with. The program 
does not intervene in the selection outside of establishing 
a deadline by which a relationship must be formalized. 
The following handbook excerpt describes the process in 
a Civil Engineering Ph.D. program:

“Our program does not have a formal matching pro-
cess by which students are assigned to advisors. We 
allow the process to happen organically, and for this 
to work properly, students must reach out to faculty 
to identify mutual interest.”
[Civil Engineering, Graduate Student Handbook]

This self-selection process was found to be the most 
common across all programs in our study.

In the second type of process, students are assigned a 
temporary advisor, after which they can select a different 
faculty member if they choose to do so. The temporary 
advisor helps with the initial guidance, and students are 
given a period of time to formalize an advising relation-
ship, which may or may not be with the temporary advi-
sor. For example, a chemistry program director explained 
this practice:

“We poll them in the summer for their preferences 
and give them a temporary home in a lab based on 
space available. […] Usually, what happens is they’ll 
join their temporary lab, but we really push them 

Table 1 Analysis coding process

Emergent dimensions from attribute coding Sample emergent focused codes Analogous PAT element

Who makes the choice? • Student and Advisor
• Program Director

Identify Principal and Agent in each Process

Is funding available before selection? • Faculty during admission; student only 
accepts or declines offer
• Yes, not attached to advisor selection
• No, attached to advisor selection
• Depends on source offered in the admis-
sion letter

Process Constraints

When is the Selection Made? • During admissions/enrollment
• By 1st semester
• By 2nd semester
• Before third year
• Depends on initial funding mechanism
• No timeline specified

Length of the Contract between Principal and Agent

How is information shared prior to the selection? • Research Seminars
• Interviews
• Independent Study
• Rotations

Existing Information Systems between Principal and 
Agent
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to go to seminars and group meetings, talk to grad 
students, interview faculty as much as they can and 
then commit around Thanksgiving.”
[Chemistry, Program Director Interview]

Although students and advisors had an option to not 
remain in the temporary advising relationship, students 
who chose to change advisors were not always guaran-
teed funding along with the switch. Thus, changing advi-
sors may entail a search for funding, potentially limiting 
a student’s mobility within a program. This process was 
mostly found in civil engineering, mechanical engineer-
ing, and some programs in science and math.

The third type process is where programs conduct a 
formal matching process with faculty and students. In 
this process, programs provide funding for their students 
through an initial enrollment period of either one semes-
ter or one year. During this time, students are expected 
to meet with potential advisors and determine their pref-
erences. Similarly, faculty members are encouraged to 
meet with potential advisees and decide who would be a 
good fit for them and their research projects. On a pre-
determined date, students submit their top choices for an 
advisor to the program coordinator. The program direc-
tor then collects faculty members’ preferences—typically 
informally—and uses these two sets of information to 
‘match’ students and faculty members. A program direc-
tor described this process:

“All of the students will go to these presentations, 

and then they’ll have a few weeks to meet with fac-
ulty members to have more in-depth discussions, 
attend group meetings, do lab tours, talk with grad-
uate students. Then we collect a form from all of the 
students, listing their top three or four choices. Those 
get turned into the graduate studies committee. 
Usually, the chair takes on most of the responsibil-
ity. By the end of September to October, they should 
be matched with a faculty advisor”. [Chemical Engi-
neering, Program Director Interview]

This formal matching process was the most common 
in chemical engineering, chemistry, and biology. In sum, 
we found three main types of processes through which 
students find an advisor. Within each of these processes, 
we observed variations in the funding models, selection 
timing, and information systems available to students. 
The distribution of the processes across disciplines and 
fields of study is presented in Table  2 via counts of the 
programs within each type of selection process.

Role of funding
We found two main models for funding management 
relative to the advisor selection. In the diversified fund-
ing model, students within the same cohort are initially 
funded through a diverse set of mechanisms, such as 
research assistantships, teaching assistantships, or fel-
lowships. Students’ processes to select their advisor are 
based on their funding source. For example, students 

Selection Process Selection TimingRole of Funding Information 
Systems 

Students & 
Advisors choose

Temporary 
Assignment then 
Students & 
Advisors choose

Formal Matching

Semester 1 

Semester 2 

Semester 3+
Homogenous Funding 
Model

Funding was available before 
selection the majority of the time.

More likely to have all students funded 
for at least one semesters

Predominantly non-Chemical Engineering
programs.

Diversified Funding 
Model

Funding before selection depended 
on funding type or was not available at all.

Less likely to fund ALL students.

Predominantly Math, Sciences, Chemical 
Engineering.

Semester 0 

The longer the timing to 
selection  the more likely 
for students to engage in 
information systems both 

required and optional. 

Only practices this 
type of funding

Fig. 4 Main components of any advisor selection process
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who were funded via teaching assistantships or fellow-
ships (both internal and external) had time to evaluate 
an advising commitment prior to making a final selec-
tion; however, students in the same department who 
were funded via research assistantships directly by a fac-
ulty member often had an expectation for continuance 
in such projects and, by consequence, a commitment to 
selecting that faculty member as their advisor. The fol-
lowing quote describes how one electrical engineering 
program practiced this diversified funding model:

“If a new graduate student has accepted a research 
assistantship offer, the advisor is the faculty member 
who offered the assistantship. A new graduate stu-
dent that is self-funded is usually assigned an advi-
sor for the first semester. If both the student and the 
advisor are satisfied with this relationship, the rela-
tionship can be formalized.” [Electrical Engineering 
Program, Ph.D. Student Handbook]

As not all students enter with the same funding source 
or the same set of expectations relative to their funding, 
the advisor selection experience will be different across 
students. Some students enter with an advisor already 
selected, while others enter with time to decide before 
committing to an advisor. Programs that practice this 
diversified funding arrangement were less likely to fund 
students before they selected an advisor, and they were 
less likely to fund all doctoral students upon admission. 
None of these programs practiced the formal matching 
process, as that would require all students to be funded at 
least in the first semester without committing to an advi-
sor. Most disciplines that used this funding model were 
engineering disciplines, with chemical engineering being 
a notable exception. Fewer than three science programs 
were classified as practicing this funding model.

In the homogenous funding model, all students within 
an incoming cohort receive the same funding conditions 
for the initial selection period, and all students may select 
an advisor under similar selection conditions. In practice, 

this model is described as an entire cohort, starting their 
studies funded by the same funding sources (typically the 
department) until they formalize an advising relation-
ship, typically by a prespecified deadline. Math and sci-
ence programs commonly assign their incoming cohorts 
to teaching assistantships, as these departments house 
introductory math, physics, and chemistry courses that 
are traditionally high service in most institutions. These 
programs often do not admit enough doctoral students to 
cover their teaching assistantship needs. An abundance 
of this funding source allows programs to guarantee 
funding until the students find an advisor, as explained by 
one physics program director:

“A typical student would be funded as a [teaching 
assistant]. We have these big general physics classes, 
and we have various flavors of them. Mainly, one 
course for engineers, one for pre-meds, and then 
there’s a lab course that a lot of these teaching assis-
tants work in. Once they find a thesis advisor, they 
would be funded as a research assistant.” [Physics 
Program, Program Director]

Even when the department did not count on courses 
that provided a large number of teaching assistantship 
positions, programs practicing this funding approach 
would aim to fund students through an initial period, 
even for just one semester, before the students selected 
an advisor. All chemical engineering programs practiced 
this model. The central idea of this homogenous funding 
model is that all students have equal conditions in their 
first semester before they select an advisor. Programs 
that practiced this model were more likely to have all 
students funded before selecting their advisor and were 
more likely to fund all students throughout their studies. 
Programs that practice the homogenous funding model 
were found across all three types of advisor selection 
processes.

Table 2 Types of selection processes

1 = disagree, 2 = rather disagree, 3 = rather agree, 4 = agree (that personal requirements were met);

N = listwise deletion

Students and Advisors Temporary advisor, then Students & Advisors 
choose

Formal Matching

Engineering Electrical – 6
Mechanical – 5
Civil - 3

Mechanical – 2
Civil - 4

Chemical – 5

Science Biology – 3
Chemistry – 3
Physics - 7

Biology – 1
Chemistry 2

Math Math – 7 Math – 2
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Selection timing
Depending on the departments’ funding model, we 
observed different patterns for the selection timing. Pro-
grams that practiced the diversified funding model tended 
to have their advisor selection occur early in the doctoral 
program and never beyond the first year of study. All engi-
neering programs in the sample required students to select 
an advisor by the beginning of the second semester but, 
sometimes, as early as before a student’s matriculation. 
Programs in the sciences, on average, required students 
to select an advisor by the end of their first year, but on 
occasion, some programs did not require a formal selec-
tion until past that initial year. Finally, programs in math 
required students to select an advisor on average by the end 
of the second year, but on occasion, students were allowed 
to continue studying without a formal advisor until their 
third year. These patterns match our prior classification 
of diversified versus homogenous funding models, as pro-
grams in the math and sciences were more likely to fund 
students for an initial period of time prior to selecting an 
advisor, while engineering mostly had students decide prior 
to enrollment or quickly thereafter (see Fig. 5).

Information systems
Many programs developed informational activities so 
students could obtain information that would promote 
an informed advisor selection. For the engineering pro-
grams (chemical engineering being the exception), activi-
ties were typically optional and often non-existent. In 
chemical engineering, sciences, and math, activities were 
a requirement for students prior to committing to an 
advisor. The five activities typically included: (1) research 
seminars, (2) one-on-one interviews, (3) rotations, (4) 
summer research, and (5) independent study courses.

Research seminars were the most common form of 
an information system for students to become familiar 
with the available research projects while meeting the 
program’s faculty. For example, a research seminar was 
described in one program handbook as follows:

“There are numerous opportunities for students to 
get to know potential advisors. This includes having 
them as teachers in introductory classes, attending 
the Invitations to Mathematics lecture series, regu-
lar research seminars, and colloquia (see Events), or 
self-development through academic advisors, peers, 
and publicly available research information.” [Math 
Program, Graduate Student Handbook]

The second most common form of an information sys-
tem is one-on-one interviews with faculty members. 
Many programs encourage students to meet with advi-
sors before committing to an advising relationship, and 
some require students to meet with a minimum num-
ber of faculty members before selecting an advisor. A 
program handbook describes the required interviews as 
follows:

“Students must meet with at least three 
faculty members. The meetings will be verified 
on a departmental signature form.” [Chemistry 
Program, Graduate Student Handbook]
The third type of information system common in the sci-
ences is rotations. Students are required to conduct a 
specific number of rotations through different research 
groups to test advisors, fellow lab members, and research 
topics before making a final selection. This type of infor-
mation system was mostly present in biology and chemis-
try programs and was often, but not always, a requirement. 
Rotations were described in a handbook as follows:

“All graduate students are exposed to different 
groups through a series of rotations. Rotations serve 
various functions. Everyone has the opportunity 
to explore various laboratories, to find the labora-
tory where they will do thesis work. Ideally, one will 
explore different sub-disciplines and techniques 
relating to their main interest. Each rotation gives 
the student a place for contact with faculty and 
other students. Students are required to complete 
three lab rotations.” [Biology Program, Graduate 
Student Handbook]

The fourth type of information system is summer 
research prior to enrollment. This system was mostly 
found in the sciences, and it offered students the oppor-
tunity to begin their doctoral program a summer early as 
a way for students to experience research groups prior to 
commencing coursework. A handbook described sum-
mer work as follows:

“In some cases, students are fairly certain about 
what they want to do and who they want to work 

0 1 2 3 4

Math

Sciences

Engineering

Semesters Enrolled

Average Selection Timeline

Fig. 5 Average selection semester per field of study
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with when they arrive, and they have already spo-
ken to a prospective advisor. For these students, it is 
very important to begin work with that group either 
in the summer before they arrive, or during their first 
year.” [Physics Program, Graduate Student Hand-
book]

The fifth type of information system common to math 
and physics is the independent study course. In these 
arrangements, students are expected to take an inde-
pendent study or ‘reading course’ with their potential 
advisor before they commit to working together. The 
course typically consists of reading and discussing lit-
erature or faculty posing problems to observe students’ 
approaches to solving these. The course is described in a 
handbook as follows:

“Students can trial faculty and topics by taking vari-
ous reading courses with prospective advisors. The 
one-on-one nature of a reading course may also 
serve as a test of the advisor–advisee interaction in 
future thesis work.” [Math Program, Graduate Stu-
dent Handbook]

In summary, most of these activities were practiced, 
and to a certain extent, required in the science and math 
programs but seldom required within engineering. These 
findings align with our prior finding of funding models, 
as the timing of this selection affects whether programs 
provide such information systems for students. The 
longer the time to the advisor selection, the more likely 
programs are to provide information systems that help 
students do their due diligence in selecting an advisor.

Discussion
We found three main types of selection processes 
through which students can find advisors: (1) students 
and advisors self-select, (2) temporary advisors prior 
to the permanent advisor, and (3) program-brokered 
formal matches. The processes varied in their connec-
tion to funding, timing selection, and the ways to make 
information available to students before selection.

Comparing across fields of study
Our main observation is that engineering programs, 
except chemical engineering, decentralize the advi-
sor selection process by funding students across dif-
ferent sources from day one, which we describe as the 
diverse funding model. This model forces students to 
make an advisor selection earlier to ensure funding 
continuity, limiting the potential implementation of 
informational activities that could help students select 

an advisor. Conversely, science and math programs are 
more likely to fund all students within a cohort under 
equal conditions upon enrollment, which we describe 
as the homogenous funding model. This model allows 
students to have a longer time before selecting an advi-
sor and consequently allows programs to offer informa-
tional activities or requirements that students should 
accomplish before that selection.

These findings align with a study from Knight et  al. 
(2018) that used Survey of Earned Doctorates data to 
show that doctoral programs in the life and physical sci-
ences fund higher percentages of their students through 
teaching assistantships than engineering, which funds 
more of their students through research assistantships. 
The engineering advisor selection process, being both 
early and based on pragmatic factors, also aligns with 
previously mentioned studies (Joy et  al., 2015; Zhao 
et  al., 2007). Due to the apparent connection between 
funding portfolios and advisor selection processes in 
our work that vary by field, departmental resources 
should be considered when contemplating doctoral 
advising. If, for example, colleges of engineering find 
that consistent problems arise between students and 
their advisors, one of the contributing factors to mis-
alignments could be the timing of the advisor selection, 
which ultimately appears to link to funding. Findings 
also potentially connect to those of other studies that 
have shown math and certain science doctoral students 
to have a longer time to degree than most engineering 
students (Ferrer de Valero, 2001; Sowell et al., 2008)—
with a longer time to select an advisor, students in these 
fields may not begin their dissertation research as early 
as students in engineering programs. However, it is 
important to consider how these onboarding activities 
that lead to an informed advisor selection can relieve 
student anxiety about the doctoral pursuit (Guillaume 
et al., 2020; Hayles, 2021), a critical consideration given 
that recent work has highlighted the perils of graduate 
student mental health (Levecque et al., 2017).

Through the lens of principal–agent theory
When analyzing our findings, we find connections to both 
the principal–agent relationship as well as the contract that 
binds them. As described by Eisenhardt (1989), a contract 
can be characterized on a spectrum between behavior-
based, where the principal is primarily concerned with the 
process through which the agent reaches the outcome, and 
outcome-based, where the principal is primarily concerned 
with the outcome and not the process. We notice in our 
findings that programs in science and math tend to practice 
a behavior-based type of contract, whereas engineering pro-
grams tend to practice an outcome-based type of contract.
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Eisenhardt (1989) notes that the more tasks are pro-
grammed into a contract, the more likely this contract 
would be behavior-based instead of outcome-based. We 
observe the presence of such tasks in math and science 
programs in the form of information systems, such as 
activities and requirements that students have to com-
plete prior to selecting an advisor. These programmed 
tasks are absent in most engineering programs. The 
intent behind these tasks is to ensure that students have 
access to information vital to their selection, which also 
aligns with Eisenhardt (1989) who states that systems 
and tasks that share information across the agent and the 
principal are more likely to be present in behavior-based 
contracts. Conversely, selection processes in engineer-
ing programs are typically only constrained by a selection 
completion date. Activities to seek information are occa-
sionally present but rarely enforced. Therefore, we can 
conclude that through a PAT lens, engineering processes 
can be classified as outcome-based, whereas math and 
science processes tend to be classified as behavior-based.

Our findings also show how funding distribution 
impacts faculty members’ behavior regarding risk. In sci-
ence and math programs, the presence of department 
funding for students via teaching assistantships allow 
programs to use this ‘community fund’ to minimize the 
risk of individual faculty members funding a student who 
may ultimately decide to work with a different colleague 
long-term. Science and math programs can fund students 
for longer periods of time out of this community fund, 
thereby minimizing the risk to individual faculty mem-
bers by collectively sharing this financial risk across the 
department. Conversely, in engineering, the lack of such 
community funds forces faculty members to fund stu-
dents with research assistantships earlier in the process. 
On the student side in engineering, students select an 
advisor sooner in the process than students in math and 
science programs, which puts them at risk of securing a 
tenuous advisor match, given that they have less time and 
activities to assess the fit of one (Devos et al., 2016). On 
the faculty side, individual faculty still risks funding a stu-
dent who may not work with them long term. This behav-
ior aligns with PAT, which states that risk minimization 
is more likely to be present in behavior-based contracts 
(Eisenhardt, 1989), which are practiced in science and 
math programs.

Given existing research, we find key insights into pos-
sible consequences when considering the impact of both 
an outcome or behavior-based process. Considering 
the reports of students appreciating the ability to select 
their advisor but feeling unsupported in doing so (Onen, 
2016), it could be concluded that behavior-based con-
tracts that do not limit the selection could help provide 
some of the desired support. Behavior-based processes 

could also help level the playing field for women and 
minoritized groups by helping students rely less on the 
informal networks that are often not available to them 
due to systemic inequities (Maher et  al., 2020b; Posselt 
& Grodsky, 2017). These processes also help to provide 
more interaction opportunities between students and 
faculty prior to the selection, which is argued to reduce 
reliance on standardized test scores and grade-point 
averages as selection criteria (Miller et al., 2019; Posselt 
et  al., 2019). Yet, one must not discount the possibility 
that a student’s experiences in rotations and other simi-
lar experiences prior to formal selection may not reflect 
their actual advising experiences (Maher et  al., 2020b). 
Ultimately, any advising relationship does have a trust 
element involved (Robertson, 2017).

Chemical engineering and matched advising relationships
The previously discussed findings do hold one exception, 
as chemical engineering programs in our sample are con-
sistently at the crossroads between those observed for 
the sciences/math and engineering. The chemical engi-
neering programs in our sample provide initial funding 
for students, so they undergo a selection process without 
pressure from faculty members to stay on any one pro-
ject. Students typically have to engage in seminars and 
interviews, although the level of participation enforce-
ment in such tasks varies across programs. Both behav-
iors align with the models observed for the sciences and 
math. However, these programs allow exceptions for 
faculty doing ‘direct-hires’ into their research group, as 
long as the faculty members are committed to fully fund-
ing such students from day one, a practice that we only 
observe in engineering programs. Uniquely, chemical 
engineering programs in our sample place the selection 
on the program director, as this person creates advi-
sor–advisee matches based on students’ preferences and 
resource availability. We have reported both the faculty 
and student perspectives within these programs else-
where (de-identified for review).

Implications
Our findings present several implications for research. 
First, we show how different elements of the selection 
process vary across programs and suggest the possible 
impacts of each. While time to selection varies across 
fields and can relate to average time differences in degree 
completions, the lack of onboarding activities in certain 
processes may limit the information that both students 
and faculty obtain prior to finalizing a selection, which 
can ultimately lead to mismatches in advisor–advisee 
pairs. Future work should examine the actual impact of 
each of these selection elements from the perspectives 
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of students and faculty. For example, future work could 
consider whether students selecting an advisor as part of 
their matriculation process, and thus becoming “locked 
in” to a dissertation topic (and funding source) early, has 
a long-term influence on their development and out-
comes. Other research should directly assess whether 
onboarding activities and different information systems 
(e.g., engaging in onboarding and information systems’ 
processes, ability to contribute meaningfully on research 
projects, time to degree) do induce changes in students’ 
interests or thinking around potential advisors rela-
tive to their first matriculation. Such an analysis would 
determine how to optimize everyone’s time, including 
the students’, faculty’s, and program directors’, which 
has important financial implications. While some engi-
neering education research has looked at this decision 
process (Mosyjowski et al., 2017), a key future direction 
could be the timing of this decision and its impact on 
both the advisor relationship and satisfaction with stu-
dents’ choice of research.

Our work also show how using theoretical frame-
works from behavioral economics in doctoral education 
allow for interpretations through a non-traditional lens. 
Our findings demonstrate key differences in the doctoral 
experiences of students in engineering, math, and sci-
ence. For this reason, future research should consider 
the implications of grouping STEM disciplines together 
in graduate education—and educational research more 
broadly—and the ways this grouping could impact their 
findings and conclusions. Using PAT helps us classify the 
processes and extract inherent properties that suggest 
possible ramifications of each process. While PAT can 
often simplify the complexities of real-life scenarios such 
as transient preferences and variable knowledge asym-
metries (Shapiro, 2005), further research could leverage 
PAT and other similar theories for researching the poli-
cies or processes guiding the interactions between stu-
dents and faculty and how these dynamics impact the 
advising relationship.

Our findings also show key implications for practice. 
Although it would be desirable to have a one-size-fits 
all solution for the conundrum of matching students 
to advisors, one needs to proceed with caution when 
recommending specific selection processes. Providing 
blanket recommendations without considering the con-
textual nuances and the individual experiences of stu-
dents and faculty would be irresponsible, as there is no 
such thing as a perfect process (Artiles & Matusovich, 
2022b). Even within a seemingly perfectly designed sce-
nario, there can be areas of tension for students, fac-
ulty, and program leadership (Artiles & Matusovich, 
2022b). Therefore, we recommend that graduate pro-
grams first assess their objectives in such a process, 

their contextual constraints, and their resource avail-
ability. We hope that our findings can help programs 
think through the different options that they may con-
sider for each aspect of the advisor selection process 
and some of the different tradeoffs that appear to be 
associated with each decision.

Our findings regarding models of funding show how 
common funding allocations can tie into advising selection 
processes, which ultimately directly impact how and why 
students select advisors. When considering these fund-
ing models alongside the inevitable constraints that they 
place on timing to selection, we note that programs that 
employ a homogenous funding model have more struc-
tures in place post-matriculation so that students and 
faculty have the opportunities to explore their potential 
matches in greater detail. We see that exploration time as a 
positive feature, but recognize that programs differ in their 
access to a common funding source. Our analyses also did 
not consider the negative implications that may be associ-
ated with a later advisor selection, such as time to degree, 
which ultimately has an important resource consideration.

Our results highlight that programs that link together 
funding, admission, and advisor selection (i.e., the diver-
sified funding model) may want to consider how informa-
tion systems might be built into the recruitment and yield 
processes more formally so that students can still receive 
scaffolded support in making their decisions. We wonder 
if bringing such intentionality into students’ decision-
making processes about which graduate school to attend 
can ultimately help students and faculty alike make ben-
eficial matches. Essentially, programs with diversified 
funding models may want to consider how results from 
other models could help strengthen their approach. For 
example, if programs that follow the diversified fund-
ing model approach still find themselves struggling with 
student–advisor conflicts and have tried changes to their 
recruitment and yield processes, our findings suggest 
that they may benefit from bringing together a common 
set of resources that enables some of the different timing 
practices outlined in our analyses.

We suggest that these connections, as discussed, can 
have a direct impact on the experiences of women and 
minoritized students in particular, which many science, 
engineering, and math programs are keen to recruit. 
Therefore, how institutions and programs choose to 
manage their funding can directly impact students’ expe-
rience and possibly doctoral attrition and persistence.

Conclusion
This analysis provides three significant contributions 
to the existing research on doctoral education, specifi-
cally regarding the advisor selection process. The first 
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contribution of this study is that it provides an analysis of 
the disciplinary norms and practices that exist within the 
fields of science, math, and engineering. This study shows 
where the disciplinary differentiation lies within science, 
math, and engineering and how practices are unique to 
each of these fields and the disciplines within them. The 
second contribution of this study is the expansion of the 
analytical generalizability of PAT in the space of student 
interactions within the practices of disciplines in higher 
education. Following Lane’s (2012) recommendations on 
expanding the use of PAT in higher education, this study 
furthers such research by discussing the interactions 
within academic departments and presents how informa-
tion and risk are distributed within a commonplace pro-
cess in such contexts. Third, the study provides extended 
descriptions of the advisor selection processes currently 
in practice. By furthering the literature on doctoral edu-
cation by exploring the process of advisor selection, this 
study presents a fuller picture of the formation of the 
relationship between the advisor and the advisee. This 
information could also be used to further understand 
doctoral attrition and foster the development of student 
support structures aiming to foment a positive advis-
ing relationship. We recommend that future research 
should evaluate individual faculty and student experi-
ences in these processes, particularly how they may affect 
the development of the advising relationship and further 
experiences and outcomes of doctoral programs. We also 
recommend an in-depth look into how these processes 
compare for faculty and students who are assigned rather 
than self-selected.
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