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An Exploratory Study of the Research Mentor Experience
in a Novel Undergraduate Aerospace Engineering Course
Abstract
This study looks at the experiences of seven graduate/postdoctoral research mentors in a novel
aerospace engineering course that introduced undergraduate students to research at a midAtlantic research University. In this course, groups of (typically) three undergraduate students
were mentored by one graduate student. The undergraduate students worked with and were led
by these research mentors in various aerospace engineering research projects. In many cases, the
undergraduate students were working on a project related to the research mentors’ theses or
research work. Previous studies looking at the undergraduate research experience do so from the
undergraduate students’ perspectives; this paper focuses on this experience from the research
mentors’ perspectives. In this paper, the experiences of seven research mentors who were
involved with the course in the fall 2011 and spring 2012 semesters are described. The paper
answers the following research questions: (1) What benefits result from being a research mentor?
and (2) In what ways does being a research mentor prepare graduate students for their future
careers?
Data were collected via individual interviews with the research mentors at the end of each
semester. Using situated learning as the theoretical framework, the data were analyzed to
determine themes that characterized the research mentor experience. The theory of situated
learning was used to identify and inform the ways in which being research mentors can prepare
the mentors for their future careers, specifically in terms of how they are prepared to become
members of the communities of practice they aspire to join. The benefits for research mentors
were classified as follows: (1) benefits related to preparation for their future careers, such as
strengthening their technical skills and content knowledge, and developing and improving
various professional skills, and (2) benefits related to their current positions as
students/postdoctoral scholars, such as receiving help with their theses or research projects.
This study is part of a longer-term study to determine the effectiveness of this aerospace
engineering course, both in terms of the undergraduate students’ learning experiences, and in
terms of the graduate students’ professional development. The results shared in this paper can be
useful to universities, departments, and faculty members who: (1) are interested in graduate
student professional development, and (2) would like to learn about a novel way to involve
graduate students in undergraduate courses.
Introduction
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Undergraduate research experiences come in a variety of forms, including summer research,
intern or co-op programs with research as the principal component, and research-based junior
and senior theses1. Regardless of the type of undergraduate research that is undertaken, these
experiences have been shown to be beneficial to undergraduate students in different ways. For
example, participating in undergraduate research can improve students’ research skills, including
collecting and interpreting data and communicating findings from research studies2.
Participating in research has also been found to increase students’ confidence in their abilities

and to increase awareness of career options and the nature of graduate school1. Another benefit
of undergraduate research experiences is an increased or continued interest in postgraduate
education3, 4.
Studies have looked at various aspects of the undergraduate research experience, including:
undergraduate students’ preconceptions of research5, faculty and student ratings of students’
research skills2, 6, and the effect of undergraduate research on persistence7, among others. Some
studies have looked at undergraduate research from the mentors’ perspectives, focusing on the
gains experienced by graduate and postdoctoral mentors8, 9. These gains, as outlined by Dolan
and Johnson8, fall under the following categories: instrumental (such as improved research
productivity), socio-emotional (such as greater confidence), interpersonal (such as better
communication skills), professional, and cognitive.
The purpose of this study is to continue to look at the undergraduate research experience from
the mentors’ perspectives, specifically in terms of if/how being mentors would be a professional
development opportunity for them. Research in this area will be useful as we continue to
understand the benefits of undergraduate research, and as we attempt to find areas for
improvement. In addition to contributing to the literature on undergraduate research experiences,
this study will contribute to the literature on graduate student professional development. If being
research mentors helps effectively prepare graduate students for their future careers, then it may
become an experience that they should be encouraged to pursue as part of their graduate work.
Research questions
In this paper, we attempt to answer the following research questions: (1) What benefits result
from being a research mentor? and (2) In what ways does being a research mentor prepare
graduate students for their future careers?
Theoretical framework
This study was guided by the literature on situated learning. Situated learning is a theory that
“emphasizes and promotes real and authentic learning” (p.3)10. This type of learning occurs in
context – learners are engaged in authentic activities, as part of a community of practice.
Authentic activities refer to the “coherent, meaningful, and purposeful activities” (p.34)11 that are
shared by members of a community of practice and in fact characterize that community.
Participating in authentic activities enables learners to understand experts’ points of view,
“shapes or hones [learners’] tools,” and provides them with experience (p.36)11.
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As a social theory of learning, situated learning suggests that learning is concerned with the
“whole person” – both in terms of the activities the person engages in, and also in terms of the
communities the person belongs to or will belong to (p.53)12. Lave and Wenger12 (p.53) explain
that activities exist as part of bigger “systems of relations” that emerge from communities, and
activities gain their meaning as a result of these systems. The communities, in turn, influence
and are influenced by the person; it is therefore suggested that learning implies a change in the
learner12.

This study has the goal of understanding the ways in which being research mentors for
undergraduate students can prepare the mentors for their future careers. That is, it seeks to
understand the ways in which being a mentor is or could be a situated learning experience for the
mentors, in terms of how they are prepared to become members of the communities of practice
they aspire to join.
Context of the study
This paper is part of a longer-term study looking at the development of a novel, three-credit, 400level undergraduate course in the Department of Aerospace Engineering at a large, public, midAtlantic University20. The goal of this course is to have undergraduate students work with
graduate students on research projects. Groups of (typically) three undergraduates would be
mentored by one graduate student. In many cases, the graduate students would be involved with
this course as volunteers, because the projects would be somehow related to their own research
projects and theses; in other cases, graduate students would receive course credit. Different
faculty members, in addition to the course faculty, also served as mentors for the groups. So,
one group of undergraduate students would be closely mentored by one graduate student and
supervised by the course faculty. They would also be (less frequently) mentored by another
faculty member who was involved with or in charge of the particular project they were working
on. The figure below illustrates the supervisory structure for the course. I1 and I2 represent the
two course instructors. Next in this structure is an experienced doctoral student who served as an
official teaching assistant for the course. The circles with numbers represent the different
mentors, each one mentoring groups of typically three undergraduate students. The faculty who
occasionally provided additional mentoring for the groups are not represented in this figure.

Figure 1: Supervisory structure
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The goal of our longer-term study is to determine the effectiveness of this course, both in terms
of the undergraduate students’ learning experiences, and in terms of the graduate students’
professional development. To do this, we have been collecting quantitative and qualitative data
from the undergraduate students taking the course, the (typically) graduate students working as
mentors, and members of the faculty who mentored some of the groups. This paper focuses on
the mentors’ experience in this course, based on the experiences described by the individuals
who were mentors the first two semesters of the study.

Data gathering methods
This paper shares some of the data collected from the first year of the study. This first year of
the study, data was collected for the fall 2011 and spring 2012 sections of the course. The fall
2011 section of the course was titled “Experimental Methods and Projects,” and the spring 2012
section was titled “Wind Energy Engineering.” Both courses consisted of undergraduates
working on research projects with graduate students, as described above, but the spring section
of the course had a greater focus on wind energy.
Each semester, pre and post surveys were administered to the undergraduate students to learn
about how the course teaching methods, mentors, and research/project work were helpful to their
learning. Several class and lab sessions, as well as some individual group meetings, were
observed by an engineering education researcher. At the end of the semester, undergraduate
students participated in a focus group to talk about the course. The mentors and faculty
participated in one 20-30 minute individual interview. In this paper, we use data from the
interviews with the mentors to describe their experience with the course.
Data analysis and interpretation
The first step in the analysis of the interview data was to carefully read all interview transcripts,
as suggested by Creswell13. This first step started to reveal some of the main themes in the
interviews. Each interview transcript was then re-read with the purpose of assigning codes, or
“tags or labels” that assign “units of meaning” (p.56)14 to the data. The codes were revised and
again applied to the data. This last step resulted in themes that described the mentors’
experiences in the course. The data analysis process took place within NVivo.
Results
A total of seven mentors, all male, were interviewed in the 2011-2012 school year. Four out of
the seven were mentors for both the fall 2011 and spring 2012 sections of the course. Three of
these were interviewed twice – once each semester. The fourth only participated in the spring
2012 interview. The remaining three out of the seven were mentors only in the fall 2011
semester.
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Three mentors were in the Department of Aerospace Engineering’s Master’s program, while two
were in the PhD program. While the original goal of the class was to have all mentors be
graduate students, this was not the case for the first two semesters of the course. One of the
mentors was a postdoctoral scholar, and another was a very advanced undergraduate student – a
senior who had previously worked with one of the faculty members in charge of the course. This
undergraduate student was a nontraditional student, so he was a few years older and more
experienced than the undergraduate students he mentored. Four out of the seven mentors were
interested in careers in industry, one was interested in an academic career, and two were not sure.
These mentors mentioned various factors that motivated them to be involved with this course,
including: getting help on their research projects/theses, learning more about the topics and

research areas covered in the course, and being invited or asked to participate by the course
faculty and/or their advisors.
Before answering the research questions, a brief description of the mentors’ responsibilities may
be helpful to better understand their roles as research mentors. For the first few weeks of the
semester, the course followed a regular course format. Students would meet with the faculty in a
classroom setting to learn about different concepts. Students were then divided into groups and
assigned research projects. They worked on these research projects until the end of the semester,
when they presented their results. Each group was led by a mentor. The mentors’ main
responsibility was to oversee the research project. One mentor described his role as follows:
“Basically, I guess it would be mostly organizational and trying to set out a plan of action
of how we were going to accomplish our goals for the semester. And immediately, we
tried to split up the group as far as what needed to get done and just assigning tasks to
each [person], and we set up group meetings and figuring out when everybody was
available. And then, I guess, just kind of giving direction to what we were doing, too,
because it was my research project.”
The mentors met regularly with their groups and with the course faculty. The groups also met
with other faculty members who were involved with and/or were supervising their projects. In
addition, during the fall 2011 section of the course, the course faculty organized meetings with
just the mentors. In these meetings, the mentors (without the undergraduate students) met
together with the faculty, provided project updates, and received instructions.
The benefits received as a result of participating in this course, as explained by the mentors, fell
under two main categories: benefits as related to preparation for their future careers, and benefits
as related to their current positions as students and postdoc. Each of these categories is
explained in more detail below.
Benefits as related to preparation for their future careers
The mentors talked about how the experience of being a mentor was preparing them for their
future careers in industry or academia. As a result of being mentors, they were developing a
wide variety of professional skills as well as strengthening their technical skills and content
knowledge.
The mentors were most emphatic about how being involved with this course helped them
develop the necessary skills for successfully managing and working with people. For example:
“I got some experience with dealing with a group and trying to manage everybody’s time
and experience levels and stuff like that, so that was helpful.”
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“I think that just through working in a group and managing a group…it kind of helps you
understand what it means to be looking over different people’s shoulders and making
sure that they’re getting the work done that they need to get done and really providing the
support that you can to make sure that they can get it done on time and make sure that

they are understanding what’s going on. I think that will help me in the future if I move
into a management position.”
Perhaps the mentors felt so strongly about this skill because they expect that teamwork and being
team leaders will be a certain part of their future careers. One mentor described it as follows:
“I think in any career you need leadership and [the ability] to work with a team. That’s
the one thing they tell me – that you need to be able to work with a team, and that’s going
to go anywhere. In engineering, that’s kind of the standard that you’re going to have. So
you really need to be able to work with a team and understand what it takes to be a team
leader…”
The mentors stated that the course helped them develop project management skills: they had to
determine goals, schedule, and plan to meet the established goals. Two mentors described it as
follows:
“…this whole class helps you set a plan up and try and reach that plan. It definitely helps
you balance where you want to be…So you got to keep constantly updating your goals
and figuring what to do…”
“Having – being able to manage people, a schedule – hopefully stay on schedule – that’s
all a value.”
One mentor talked about how learning these project management skills was one reason he would
recommend this experience to other graduate students:
“I recommend all grad students [participate in this course]. It really helps. If you can run
a project and be with other people and interact and stuff and you can still manage, I think
it’s a good experience.”
Leadership was another skill mentioned by the mentors. They expressed that participating in this
course helped them get leadership experience. To a lesser degree, mentors mentioned improving
their teaching skills. It may be that improvement in teaching skills was not frequently mentioned
because only one mentor was interested in an academic position. The majority of the mentors
were interested in careers in industry, and may have been thinking about the skills that they
would more likely be using in that setting.
Another way this experience helped prepare the mentors for their future careers was by
improving their technical skills and content knowledge. They got experience setting up
experiments and learned about computer codes and electrical systems. They said:
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“You definitely learn a lot. You’re forced to, due to your project. We do weekly
progress reports. They’re about a page each week, and that forces you to sit down and
realize what you’re learning and whatnot. So it’s just solidifying what you know. I think
that’s great.”

“It’s been really good for me because it’s made me go back and relearn those things and
even dive deeper into some of the theory and some of the codes that we’ve been using
and really try to understand where the formulas and equations come from and how they
really applied..”
Being responsible for a research project and a group of students meant that the mentors had to
make sure they were familiar with the tasks and the content, which is one of the reasons their
technical skills and content knowledge improved:
“…I had to make sure I knew more than [the undergraduate students] just to be able to
help them with all their stuff. So they may only have [been assigned] an isolated area [of
the project], but I had to know it all…So I felt that was the biggest challenge – was just
staying above them and making sure I had an answer for them.”

Benefits as related to their current positions
The mentors also talked about how the experience of being a mentor was benefiting them in their
current roles as students and postdoc. First, as mentioned above, their technical skills and
content knowledge improved. This would be beneficial to the mentors in future courses and in
their theses and research projects. Second, they talked about how working in this course was
very enjoyable to them, specifically in three ways: (1) the mentors enjoyed the hands-on aspect
of the projects, (2) they enjoyed realizing that they accomplished something, and (3) they
enjoyed interacting with the undergraduate students. These reasons are best described by these
mentors:
“…it is nice to work with your hands and actually accomplish something – be able to
look up and see [what you did] and say, ‘I did that.’”
“I really enjoy working with the students… all this pain they go through all semester of
us trying to tell them to write things, to do things, design it this way…They finally put it
together; they assembled it correctly. That’s the fun part, as they really see, ‘You know,
this actually really came together pretty well.’ That’s really the fun part.”
Third, mentors who were volunteers for this course (instead of participating for credit) received
help on their research projects or theses. They considered this to be a great benefit of
participating in this course. They said:
“I got so much done this semester that alone, I would not have been able to do.”
“…I got a lot of help on my research project. I had nothing when I started, and now I
have something…So that was helpful. And I mean it’s always good to have other
people’s input on things. Even if they weren’t necessarily coming up with great theories,
it’s always better to have somebody else thinking about things, too.”
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Discussion
The mentors described the benefits that result from mentoring undergraduate students in an
aerospace engineering research projects course. These benefits were classified as related to their
future careers and as related to their current positions as students and postdoc. Many of these
benefits align with the gains described in the studies by Dolan and Johnson8 and Reddick, et al.9:
the experience increased mentors’ research productivity, helped them develop and improve
different skills, increased their understanding of the content, and provided them with what they
considered to be an enjoyable experience.
One of the goals of this study was to learn the ways in which being a mentor could prepare them
for their future careers. The study sought to learn the ways in which this experience was or
could be preparing the mentors to become members of the communities of practice they aspire to
join. The results indicate that this can be considered a situated learning experience for the
mentors and is in fact preparing them for their communities of practice. These mentors aspired
to either go into industry or academia, so their future communities of practice would be the
community of aerospace engineering faculty, or the community of aerospace engineers working
in industry.
The first way in which this was a situated learning experience for the mentors was that they were
exposed to authentic activities11 of the communities of practice. These include:
- They had to work on and oversee a project.
- They had to work with and supervise others.
- They had to train, teach, and mentor.
For mentors going into industry, the above activities expose them to and prepare them for some
of their future tasks. The activities listed above can be considered authentic activities of that
community. Engineers are often called to work on projects and in teams, and even occasionally
to train others15. Similarly, members of academia are expected to conduct research, teach, and
work in teams16. Therefore, by participating in this course, mentors going into academia are also
introduced to some of the authentic activities characteristic of that community. According to the
mentors, they frequently worked out of doors and/or in labs, so they were exposed to authentic
tasks of these communities in authentic settings.
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Second, the mentors developed skills that were part of their communities’ repertoires. In a
community of practice, members have a shared repertoire17 – a set of “tools, ways of doing
things,…actions, or concepts” (p.83)17 that characterize that community of practice. The
mentors reported strengthening their content knowledge and technical skills, as well as
developing their teamwork, project management, leadership, and teaching skills. These are part
of the engineering repertoire: engineers should have leadership and teamwork skills18, and may
also be required to use project management and teaching/training skills15. These skills are also
part of the academic repertoire: members of academia should have teaching and teamwork
skills16, and surely project management skills as well, as they manage research projects in

addition to teaching and service responsibilities. Certainly, members of both communities
should also have strong content knowledge of their particular area.
The mentors’ experience in this course could be considered more of a partial or introductory,
rather than complete, situated learning experience. While they were exposed to the
communities’ authentic tasks and repertoires, the area that was somewhat lacking was interaction
with established members of the community of practice. To become a member of a community,
aspiring members require access to “old-timers, and other members of the community” (p.101)12.
To become members of a culture, learners first observe the members of that culture and then
practice their behavior11. The one mentor interested in academia had an advantage over the other
mentors: he interacted regularly with the course faculty and had the opportunity to begin to see
what it means to be a member of academia. The majority of mentors, however, were interested
in industry, so their access to members of that community was limited. More opportunities for
interacting with members of their communities would have helped the mentors better assign
meaning to the authentic activities and repertoire they were exposed to, and it would have helped
them understand how the activities and repertoire were distinctly used in those particular
communities of practice.
Conclusion
This study looked at an aerospace engineering course in which groups of undergraduate students
were mentored by one advanced undergraduate student (a senior), six graduate students, and one
postdoctoral scholar in different research projects. The goal of this study was to understand the
ways in which the mentors benefited from the experience and how the experience was preparing
them for their future careers.
The results indicated that the mentors did in fact benefit in different ways. Furthermore, the
experience was preparing them for their future careers. Through the lens of situated learning, it
was determined that the experience was preparing the mentors for their future communities of
practice by exposing them to the communities’ authentic tasks and repertoires. Mentors
interested in industry would have had a more complete situated learning experience if they had
had more opportunities to interact with members of industry – the members of the community of
practice they aspire to join. For the mentor interested in academia, on the other hand, this course
did provide access to frequent interactions with the members of that community of practice. This
mentor’s situated learning experience was more complete, as he was able to observe and learn
from the experts of that community.
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Because mentoring the undergraduate students in a research project was beneficial to the
participating mentors in terms of their learning and development, faculty who advise graduate
students can consider encouraging them to pursue these types of activities. Though not all
departments will have a similar course in place, faculty can consider providing opportunities
within their own research projects for graduate students to mentor undergraduate students.
Although graduate students are generally well prepared to conduct research, they are not as well
prepared to teach19. In cases in which teaching assistantships are not available, being a research
mentor can provide graduate students with some of the benefits of a teaching assistantship –
although it is in a research setting, they will be required to teach, train, and mentor. In addition,

because students interested in faculty careers should be assigned “progressively responsible roles
in teaching” (p.22)19, being a mentor can serve as an introduction, a first step before becoming
teaching assistants and teaching their own courses.
Overall, being a mentor for this course was viewed as a beneficial experience. They were
exposed to tasks they will be performing and skills they will need for their future careers. While
this study looked at how these mentors were being prepared to join two communities of practice
in particular, it could be argued that the skills they developed would be useful to them regardless
of what careers they decide to pursue in the future.
There are a few limitations to this study. First, the number of participants is small. Only seven
out of a total of eleven mentors agreed to participate in the interviews. Second, participants were
self-selected, and the experiences of this self-selected group may not be representative of the
mentor experience. Third, the participants in this study were mentors in a very specific context,
which means the findings may not be generalizable. Finally, for this initial sample, not all
mentors were graduate students, as was originally intended for this course. Because the mentors
were in different stages of their education (undergraduate, graduate, and postdoctoral), there
were likely differences in development and goals among the participants. These differences
could lead to differences in the ways in which the role of mentor is experienced, which could
again limit the generalizability of the results.
Our future work will continue to look at the mentors’ experiences. As this is a multi-year study,
we can expect that the additional years will in the end ensure a larger sample of mentors. As a
result, future papers will have a more accurate and hopefully more generalizable description and
analysis of the mentoring experience.
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