International Journal of Engineering Education Vol. 36, No. 1(A), pp. 226-240, 2020
Printed in Great Britain

0949-149X/91 $3.00+0.00
(© 2020 TEMPUS Publications.

Writing Attitudes and Career Trajectories of Domestic and
International Students in the United States*

ELLEN ZERBE and CATHERINE G. P. BERDANIER

Department of Mechanical Engineering, Pennsylvania State University, University Park, PA, USA.
E-mail: elt5112@psu.edu, cgb9@psu.edu

Graduate engineering students are rarely taught to write in formal disciplinary coursework, but it is an essential skill
required for success in industry and academic careers. This study builds on existing work exploring doctoral writing
practices, processes, and attitudes, expanding it into the disciplinary context of engineering. Engineering traditionally
offers few opportunities for students to practice or develop academic writing in coursework, despite the fact that most
academic milestones for graduate students are based on writing. Grounded in Academic Literacies Theory, this paper seeks
to determine how engineering graduate students’ writing attitudes affect their career trajectories. This study surveyed N =
621 engineering graduate students at ten research-intensive universities in the United States using several previously
established scales. These data were analyzed using Pearson correlations and Welch’s t-test methods to answer the research
questions. Results indicate that while most students consider writing to be a knowledge-transforming activity, they
overwhelmingly struggle with procrastination, perfectionism, and low-writing self-efficacy. Further, strong writing
attitudes are linked statistically with the likelihood to pursue a broader set of future careers after graduate school,

indicating that writing may be an invisible mediator for broadening participation in all sectors of engineering.
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1. Introduction

Although most milestones in engineering graduate
programs are based on written deliverables — dis-
sertation proposals, dissertations, conference and
journal papers, and grants — few engineering grad-
uate programs offer disciplinary writing guidance or
education in the formal curriculum. Across disci-
plines, even outside of engineering, students are
expected to develop writing expertise through
apprenticeship in their research groups, a process
that scholars have likened to “osmosis” [1]. Many
advisors do not feel comfortable or competent
teaching writing [2, 3], and are further deterred by
the language barriers that English as a Foreign
Language (EFL) students can exhibit [4-7].
Further, in technical disciplines like engineering,
research advisors may not feel that it is their job to
teach academic writing to their students [2, §].
Some universities offer writing center resources
that are accessible by graduate students [9, 10], but
many writing centers struggle to offer disciplinary
expertise. This can be an issue because while grad-
uate engineering students are struggling to learn to
write, they are also learning to communicate as a
member of their discipline, and may not have strong
guidance in the disciplinary discourse expectations
in their particular department or disciplinary com-
munity. Writing scholars have long anecdotally
linked the development of disciplinary writing com-
petence with disciplinary identity development [11,
12], positing that the development of this academic
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identity is crucial to reduce time-to-completion and
that it may lead to persistence rather than attrition
[13, 14], although to date these claims are not
substantiated statistically.

In this work, we begin to unravel the complex
relationship between writing and professional
development for doctoral engineering students, a
context that is typically understudied in the techni-
cal communication, writing studies, and engineer-
ing education communities collectively. We present
quantitative data showing the relationships that
engineering graduate students in the U.S. have
with the writing process, while also answering
research questions surrounding how these attitudes
correlate statistically with one another, how they
differ between international and U.S. domestic
students, and how they impact future career trajec-
tories of graduate engineering students.

2. Literature Review

The process of graduate student socialization is
complex [15-17], requiring intensive interpersonal
communication, scholarly effort, and the ability for
students to unpack the invisible norms and expecta-
tions of their disciplines. Across disciplines, quali-
tative work shows that graduate students struggle
with a variety of sociological and psychological
issues during their tenure in graduate school [18],
which is itself mediated by the advisor-advisee
relationship [19, 20], the culture of the department
and university [21, 22], funding issues [23-25], and

* Accepted 3 November 2019.



Writing Attitudes and Career Trajectories of Domestic and International Students in the United States 227

the ability to progress through academic milestones
and informal threshold concepts [26]. Little research
focuses on graduate engineering students, although
the topic is becoming more popular recently [14, 27—
29], calling attention to the fact that the ten-year
completion rates are only between 65% and 76% in
the U.S. for women and men respectively [30, 31]
with numbers much lower for traditionally under-
represented populations, falling below 50% for
Black and African American engineering doctoral
students [32]. Other national reports indicate that
even if engineering students achieve their degree
goals, many, particularly women and women from
underrepresented groups, either do not pursue
careers in their technical area of expertise, or leave
their technical career at some point and do not
return [33].

Though literature confirms that engineering doc-
toral attrition is typically linked with academic
inability [34, 35] faculty may rely on anecdotal
rationales for the reasons why students leave their
PhD programs. Some of these narratives posit that
attrition only happens if a student does not pass
qualifying exams [36]. Others purport that students
leaving do not have an innate “taste for science”
[37]. The narratives supporting an academic ‘‘taste”
for research — which we posit directly represent the
unarticulated knowledge, skills, and attributes
required to succeed in today’s academic research
economy — also surrounds faculty perceptions on
PhD-holding STEM students who pursue careers in
industry [38, 39]. While a few researchers have
investigated the skills required for diverse career
pipelines for engineering PhD students [40, 41],
there is little known about how the educational
experiences or development of particular compe-
tencies of engineering graduate students may lead to
various career trajectories. This is important in light
of the fact that approximately 80% of engineering
PhDs in the U.S. will pursue careers in industry [42],
indicative of a changing role of faculty within
academic capitalism [43] required in engineering
research and increased competitiveness for fewer
federal research dollars. Therefore, in this paper, we
explore one of the untaught and underemphasized
competencies required for graduate students to
become a member of their academic discipline:
academic engineering writing.

Documented worldwide, engineering graduate
students are, in general, not formally taught to
write and revise for academic audiences [44—47].
At the undergraduate level, most writing focuses
on laboratory reports or technical writing courses
[48, 49], which still lead students to be unprepared
for workplace communication [50]. If students
matriculate to graduate school, advisors are
expected to teach their graduate students to write

for academic audiences, but this rarely happens
smoothly, as most faculty do not feel comfortable
teaching writing or do not feel like it is their
responsibility [2, 8]. A discomfort with academic
engineering writing combined with advisors’ poor
writing instruction can lead to issues when students
are working toward publications, theses or disserta-
tions, or grant proposals, and likely has a direct
impact on who will choose to pursue writing-heavy
engineering careers in academia.

Few engineering education scholars study engi-
neering writing, those that do are either examining
the writing process and how students gain compe-
tency, or the relationships that the writing process
has in the development of graduate engineering
students more generally. Most notably, Adams’
and Matusovich’s Dissertation Institute brings
graduate engineering students from underserved
groups together for an intensive dissertation-writ-
ing bootcamp as a means to provide structure and
accountability at the end of the PhD process [14]. In
the technical communication and writing studies
disciplines, scholars investigate the role that courses
or other interventions can have to help graduate
students confront barriers toward academic writing
for engineering students [51-53]. These interven-
tions explicitly and implicitly work to confront the
unhealthy attitudes that engineering graduate stu-
dents often bring with them to the writing process.

Writing studies scholars have long posited that
the affective domain undergirds success in writing
[6, 54, 55], and other scholars have promoted a
variety of categories to describe the attitudes that
students across disciplines have with writing [S6—
59]. Some of these are specific to graduate students,
noting that graduate students’ attitudes toward
writing are important because of the amount of
writing that most graduate students have to do
[60, 61]. Outside of our group’s recent work, these
scales have not been used to describe the writing
attitudes of engineering graduate students [62, 63].
The purpose of this work is to apply quantitative
scales of writing attitudes to an engineering gradu-
ate student context to provide a holistic quantitative
“snapshot” of the attitudes of engineering graduate
students studying in the United States. To meet this
need, we propose the following guiding research
questions:

1. What are the predominant characteristic atti-
tudes about writing for engineering graduate
students in the United States, and how, if at all,
do writing attitudes correlate with each other?

2. What differences, if any, exist between U.S.
international and domestic students?

3.  What correlations, if any, exist between writing
attitudes and intended career trajectories?



228

Ellen Zerbe and Catherine G. P. Berdanier

3. Theoretical Orientation

The theoretical orientation that guides this research
is academic literacies theory, proposed by Lea and
Street [64, 65] and extended into engineering writing
disciplines by Berdanier [66]. Academic literacies
theory describes how literacy in academia means
knowing how to read and write as a member of a
particular disciplinary community, as each disci-
pline and subdiscipline has its own patterns, expec-
tations, and norms for acceptable communication
[44, 67-69]. The development of academic literacy
pervades all aspects of graduate socialization, as
strong disciplinary communication is grounded in
academic rigor, appropriate research methods, and
relevancy of the problem addressed. It also
addresses that graduate students in their education
are also learning to communicate the rigor by
situating the appropriate parts of their research in
a format that is most compelling to the particular
audience as they communicate their research in
writing and oral presentations. Undergirding the
development of academic literacy is the implicit
agreement to be judged by the academic community
in all communicative events, a tenet that is over-
whelming to most graduate students. In this study,
we propose that attitudes associated with one aspect
of academic literacy — that is, toward academic
writing — may affect long-term career trajectories.

4. Methods

This quantitative analysis of the writing attitudes of
engineering graduate students is part of a larger
mixed methods study investigating writing attitudes
in relation to career trajectories and persistence and
attrition for engineering doctoral students. This
study presents quantitative data collected from
current engineering graduate students at various
stages of their tenure in their doctoral programs of
study.

4.1 Participants and Recruitment

A survey was developed to capture the writing
attitudes of engineering graduate students. To
recruit participants, we contacted chairs and admin-
istrative assistants within engineering departments
at ten research-intensive universities geographically
distributed across the United States, and asked
them to forward a link to the survey to their
graduate students. We did not selectively sample
for engineering discipline or any demographic vari-
ables. Approximately eight hundred individuals
completed a portion of the survey, and after clean-
ing the data for incomplete responses, a total of N =
621 participants are represented in this study. Parti-
cipants who completed the survey were awarded a

five-dollar Amazon gift card to incentivize partici-
pation. Of the N = 621 participants, 38% identified
as female, 54% were domestic students, and 61%
spoke English as their first language. These numbers
are over representative of the both the percentage of
women enrolled in engineering graduate programs
(which averages between 23 and 35% across all
engineering disciplines in the U.S, according to the
National Science Foundation), and residency
breakdown (44% of PhD students and 40% of
Master’s students are U.S. domestic students)[70].
The survey was distributed to U.S. domestic
students, permanent resident, and international
students studying in the U.S. Only 4% of the
participants identified as permanent residents,
54% (N = 328 participants) as domestic, and 42%
(N = 259 participants) as international students.
Relevant demographic data distributed by resident
status is provided in Appendix A. In our analysis,
we included permanent residents in the domestic
category. We did not collect specific data on nation-
ality for international students. The survey also
collected information on participants’ progress
through their graduate programs. Over half (56%)
of participants identified as “early career” graduate
students enrolled in the first or second year of their
doctoral programs, students who had not com-
pleted their qualifying exams yet, and all Master’s
students. Master’s students comprised 35% of the
total participants. In contrast, only 15% of the total
sample identified themselves as ““late career” grad-
uate students, defined as students in or beyond their
fifth year of their PhD. We also collected data on
amount of formal writing instruction, to which 61%
of participants reported not having taken a writing
intensive course in the two years prior to taking the
survey, while nearly half reported they never or
rarely speak with their PhD advisor about writing.

4.2 Scale Description, Data Collection, and
Analysis

The survey instrument comprised a collection of
questions regarding demographics and likelihood
to pursue certain careers as well as two established
writing scales investigating writing attitudes. The
full instrument can be provided upon request of the
corresponding authors. The question regarding
career trajectory requested participants to rate the
likelihood that she or he would pursue any of nine
different career tracks common to engineers: four
Academic options (Teaching-focused, Research-
focused, Tenure-track, and Non-Tenure track),
Research, Government, Industry Research &
Development (R&D), Industry Non-Research &
Development (non-R&D), or Entrepreneurship. A
tenth, optional, “other” option was provided, but
due to few participants ranking this option, it was
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not included in our analysis. The participants could
rank each option as “highly unlikely,” “unlikely,”
“moderately likely,” and “very likely”” with no limit
on how many they could consider in any likelihood
(e.g., an individual could mark she or he was highly
likely to pursue all ten trajectories.)

To assess writing attitudes we employed two
scales, the Inventory of Graduate Writing Processes
[60] and Graduate Concepts of Academic Writing
[61]. Collectively, we refer to the writing process
factors and writing conception factors as writing
attitudes. Definitions for each of the factors, named
and established by the original authors, are dis-
cussed in Table 1. Both scales were originally
created for graduate students in general, and we
have validated them on graduate engineering stu-
dent populations in this and prior work [62, 63].

The Inventory of Graduate Writing Processes
developed by Lavelle and Bushrow [60], which
was developed to categorize individuals by the
ways they write during the composition process
into seven descriptive categories: Elaborative,
Low Self-Efficacy, No Revision, Intuitive, Scien-
tist, Task Oriented, and Sculptor. Scale items
from the factors are scrambed, with some items
reverse-coded to confirm internal reliability. To
analyze this scale, reversed items are re-coded,
and within-construct items are summed and aver-
aged. In our work, we consider a writers domi-
nant and second-most dominant  writing
processes, as we believe a writer may subscribe
to more than one dominant writing process.

Respondents also completed the Graduate Con-
cepts of Academic Writing survey developed by
Lonka et al. [61], which characterizes writer’s
conceptions of writing (e.g., not what happens
during the writing process) into six categories:
Blocks, Procrastination, Perfectionism, Innate
Ability, Knowledge-Transforming, and Produc-
tivity. The structure and analysis of this scale is
the same as the prior scale.

Quantitative data downloaded from Qualtrics
were re-uploaded to MATLAB R2017a for cleaning
and analysis. In cleaning the data, we eliminate
incomplete responses, anonymized the responses,
and corrected the reverse-coded scale options. Our
analysis script automatically analyzed the writing
attitudes scales to output each participants’ domi-
nant and secondary writing processes and concepts.
The script also identified the primary and secondary
process and concept for each for each participant,
and the scores were used when calculating relation-
ships. All statistical calculations (Pearson correla-
tions, Welch’s t-tests) were performed on the data
using IBM SPSS Statistics 25.

4.3 Limitations

The results of this survey represent the writing
attitudes of a moderately large sample size of N =
621 engineering graduate student participants
across ten R1 universities. As discussed in the
recruitment section, some groups were slightly over-
sampled (e.g., women), while other demographic
variables (e.g., citizenship) are more closely repre-

Table 1. Description of Scale Factors in Graduate Writing Attitudes Survey

Inventory of Graduate Writing Processes (Lavelle & Bushrow [60])

Graduate Concepts of Writing (Lonka et al. [61])

Writing Process Factor Description Writing Concept Factor Description
Elaborative writer has a personal investment | Blocks writer’s block prevents
in knowledge creation through individual from starting
writing
Low Self-Efficacy lack of confidence in writing Procrastination individual delays starting or
skills inhibits progress continuing writing
No Revision written works are completed Perfectionism finished document cannot be
with little to no editing reached due to continuous
editing and revising
Intuitive writer “feels’ or senses how a | Innate Ability writing is a talent that cannot be
written work should develop taught and therefore cannot be
developed
Scientist writer strictly adheres to a Knowledge Transforming individual uses writing as a way
specific order during the writing to test arguments and generate
process new knowledge
Task Oriented rules guide the writing process | Productivity individual will stay on task and
without personal investment can continually make progress
from the author
Sculptor writer quickly creates an initial

draft and many revisions are
done before document is
complete
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sentative of academic engineering while still not
being completely representative. These variations
are likely due to self-selection bias. Further, we
sampled from ten R1 universities that are geogra-
phically distributed across the United States, repre-
senting one type of institution. Results may differ
for PhD students at other types of institutions, or
for programs that have different curricular or pro-
grammatic structures. Further, we understand that
to group all international students into a single
category for the purposes of data analysis is proble-
matic; however, we do not have specific country of
origin/citizenship data for these participants. We
would expect there to be differences based on
regional linguistic or educational requirements in
terms of familiarity with English. For this study,
even if we had specific country of origin data, there
would likely be too few students in each category to
make meaningful inferences based on country or
region of origin.

5. Results

In this section we present study results as they
pertain to each research question, such that a
complete vision of graduate engineering writing
attitudes in the U.S. is illuminated.

5.1 Dominant Characteristic Writing Attitudes of
Engineering Graduate Students

The results of the Inventory of Graduate Writing
Processes reveal the student’s predominant
approach when creating written work. It is a
classification of “how” the student writes. These
approaches can be classified as either strong/
healthy (i.e., encourage productive writing) or
weak/unhealthy (i.e., inhibit productive writing).
The most common primary writing approach was
Elaborative, a strong approach to writing. Engi-
neering graduate students recognize that writing
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requires a personal investment. This is also
demonstrated in the very few participants who
were categorized as Task Oriented, which lacks
personal investment, as their primary or secondary
writing approach.

Despite these trends, weak approaches are not
uncommon. Low Self-Efficacy is the second most
common primary approach, meaning that many
engineering graduate students struggle with con-
fidence in their writing. Intuitive and Scientist are
common secondary approaches. Intuitive is a
strong approach to writing as the student connects
the writing process to their senses (“‘this sounds
right,” “I see the story I want to tell”). The
Scientist approach may be strong or weak depend-
ing on how it manifests in the writing process. A
well-formed process for writing may help with
organization, but too strict adherence to order
may inhibit creativity.

Different from the writing processes, the results of
the Graduate Concepts of Writing describe what the
student believes about the writing process. It classi-
fies the preconceptions about writing the student
holds that may influence the success of completing a
document. Writing concepts can also be divided
into strong concepts, such as Knowledge Trans-
forming and Productivity, and weak concepts,
such as Blocks, Procrastination, Perfectionism,
and Innate Ability. The Knowledge Transforming
concept is the most common primary concept
among our participants. This is encouraging, since
it is expected that, as graduate students, these
individuals would be generating knowledge in
their research. However, a large percentage of
graduate engineering students hold writer’s block
and Procrastination as secondary concepts, indicat-
ing that even students with healthy writing attitudes
still struggle. Fig. 1 shows the primary and second-
ary writing approaches and concepts of the partici-
pants in aggregate.

450 BPrimary BSecondary

Writing Concepts

Fig. 1. Primary and secondary writing processes and writing concepts of engineering graduate students.
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Fig. 2. Qualitative correlations between writing attiudes and
concepts.

5.2 Correlations Between Writing Attitudes and
Concepts

Pearson correlations were calculated to determine
how attitudes linked in graduate engineering stu-
dent writers. A correlation table is shown in Appen-
dix B showing all correlations, with statistically
significant correlations shown in boldface. Fig. 2
shows a qualitative summary of the correlations
between writing factors and concepts from the two
scales, where white dots indicate statistically sig-
nificant (p < 0.05) positive correlations, black dots
indicate statistically significant (p < 0.05) negative
correlations, and dot size indicates the magnitude of
significance (smaller dots are significant to p < 0.05
and larger dots are significant to p < 0.01). As
shown, Elaborative writing processes strongly nega-
tively correlate with Blocks, Procrastination, and

400 BPrimary International
B Secondary Interational

Number of Participants

Writing Processes

Innate Ability, all weak concepts of writing, and
strongly positively correlate with Knowledge-
Transforming and Productivity, both strong con-
cepts. Low Self-Efficacy is strongly negatively cor-
related with Productivity, adding support to the
idea that progress in writing is unlikely when this
is a lack of confidence in one’s ability.

5.3 Differences Between U.S. Domestic and
International Students Studying in the U.S.

Fig. 3 shows the primary and secondary writing
processes and concepts disaggregated international
or domestic student status. While Elaborative is the
most common primary approach for both groups,
Low Self-Efficacy is more common with interna-
tional than domestic students. Most of the differ-
ence between the numbers of students in each
category is a result of uneven group sizes (N = 362
are domestic, whereas N = 259 are international).
Therefore, we would expect more domestic students
to occupy each category because there are more
domestic students than international students in our
sample. The only attitudes where this is not the case
are the less-common attitudes: Task Oriented,
Sculptor, Perfectionism, and Innate Ability. More
international students identify with these attitudes
than domestic students.

To compare these groups, we employed a Welch’s
t-test since the variances between the groups were
not equal. Results of the test are displayed in Table
2. Despite similar aggregate writing patterns overall
(e.g., Fig. 1), the results show that for most factors,
international students and U.S. domestic students
hold statistically different attitudes. Low Self-Effi-
cacy, No Revision, Task-Oriented, Sculptor, Per-
fectionism, Innate Ability, Blocks, and Productivity
are all significantly different (p < 0.01).
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Fig. 3. Primary and secondary writing attitudes separated by international and domestic status.



232

Ellen Zerbe and Catherine G. P. Berdanier

Table 2. Results of Welch’s t-test comparing international vs domestic student writing attitudes. Bolded effect sizes are medium to large

effect sizes. **p = 0.01

Mean Std. Deviation Effect Size Statistical
Significance

Processes

Elaborative Domestic 3.07 0.39 0.13 0.079
International 3.12 0.35

Low Self-Efficacy Domestic 2.68 0.38 0.66 0.000%*
International 2.92 0.35

No Revision Domestic 2.31 0.43 0.30 0.000%**
International 243 0.38

Intuitive Domestic 2.87 0.35 0.11 0.141
International 291 0.36

Scientist Domestic 2.89 0.30 0.07 0.493
International 291 0.31

Task-Oriented Domestic 2.29 0.26 0.52 0.000%*
International 2.45 0.35

Sculptor Domestic 243 0.40 0.70 0.000**
International 2.70 0.37

Concepts

Blocks Domestic 2.88 0.83 0.22 0.005%*
International 3.05 0.74

Procrastination Domestic 3.30 0.94 0.12 0.197
International 3.40 0.88

Perfectionism Domestic 2.70 0.80 0.25 0.002%**
International 2.89 0.74

Innate Ability Domestic 1.71 0.76 0.67 0.000%*
International 2.29 0.95

Knowledge Domestic 4.00 0.53 0.02 0.853

Transforming International 4.01 0.52

Productivity Domestic 2.30 0.74 0.45 0.000%**
International 2.65 0.83

5.4 Correlations between Writing Attitudes and
Engineering Graduate Students’ Anticipated Career
Trajectories

As part of the survey, we asked about the likelihood
that the participant would pursue certain careers
common to engineers. The distribution of likeli-
hoods for each career is shown in Table 3. In
general, the participants perceived they are less
likely to pursue all Academic careers compared
with Industry careers, with the Non-Tenure track
as the most unlikely option. The most likely career
path was Industry R&D, showing a trend, not away
from research, but away from the culture of Acade-
mia.

The qualitative patterns of statistically signifi-
cance between career trajectories and writing atti-
tudes are shown in Fig. 4, with the numerical

Pearson correlation values shown in Appendix B.
White dots represent a statistically significant posi-
tive correlation and black dots represent statistically
significant negative correlations. Small dots indi-
cate significance at p = 0.05, and large dots indicate
significance at p = 0.01.

Only the Non-R&D career trajectory produced
negative correlations. Knowledge Transforming
concepts and Elaborative processes, both very
common writing attitudes, were negatively corre-
lated with Industry Non-R&D. This demonstrates
that students who hold these strong writing atti-
tudes likely have had success in their experiences
with writing during graduate school and believe
they do not need to pursue a career that may not
need to generate and communicate new knowledge.
Other strong writing attitudes like Productivity and
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Table 3. Distribution of likelihood to pursue certain careers after graduation

[

2|3 2

o= L

s |8 |&§ |z g |z

g $ g S = Z

= & = z = =) S g

2 5 2 g = g :‘ “ g

E E E £ S g g = 2

2 3 2 3 5 5 Z Z g 5

g g g g Z 5 2 < £ =

< < < < &~ Qo = = = C
Highly Unlikely 146 113 144 181 44 103 19 81 144 54
Unlikely 190 206 192 269 132 189 61 152 182 30
Moderately Likely 208 191 176 137 257 243 224 200 203 13
Very Likely 72 108 105 22 184 81 313 185 87 17

Barne 1O OO (O OO

Industry Non-R&D A
Industry R&D
Government

Research 4

Academic
(Non-Tenure Track) |

Academic
(Tenure Track) ]|
Academic |
(Research Focused)
Academic |

(Teaching Focused)

& & & o & & '§" & kS
. Q¥
= <3 A & :&{ Qﬂ
N
. N
p -
L

Writing Processes

Writing Concepts

Fig. 4. Correlation between writing attitudes and certainty of career trajectories.

Elaborative are positively correlated with many
career paths, whereas weak writing attitudes (e.g.,
Blocks, Procrastination, Innate Ability, and No
Revision) are correlated with few career trajectories.
This trend is perhaps evident of a self-limiting belief
in which students who struggle with writing believe
they will not be successful in careers that they
perceive to require a substantial amount of writing.
The Scientist approach to writing is not correlated
with any career trajectories, indicating that the
order in which an individual approaches writing
does not influence belief in her or his ability to
succeed in certain careers.

6. Discussion and Implications

6.1 Discussion of Results

The results of this study show that not all engineer-
ing graduate students approach writing in the same
way or have the same mentality regarding writing. A
student’s resident status and first language are likely
to influence their attitude about writing. Therefore,
a “one-size-fits-all” approach to writing instruction
may not be beneficial for engineering graduate
students. Ways to support strong writing attitudes
in engineering graduate students are discussed more
in the implications section to follow. Beyond simply
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writing in a foreign language, academic literacies
theory demonstrates how these students are
expected to understand discipline-specific dis-
course, communicate their work effectively, and be
judged according to the expectations of their aca-
demic community. The prevalence of Low Self-
Efficacy in our population of International students
(most of whom are EFL) group is unfortunate, yet
backed by a substantial community of research on
writing issues for EFL graduate students [6, 71, 72],
which lead them to experience less success with their
written works and consequentially a decrease in
confidence in their abilities [73]. While correlations
do not infer causality related to any writing atti-
tudes, we fear that without proper support, a lack of
confidence could lead to a students’ belief that they
can never improve [60], or lower levels of emotional
well-being, which is indicative of a more inclusive
picture of success in graduate school.

“Success” in graduate school may also be repre-
sented by a student’s ability achieve employment in
her or his desired career sector, for which the choices
are ever-diversifying for science and engineering
graduate students [39, 74]. In this study, we reported
that stronger writing attitudes were correlated with
more career paths, while weaker attitudes correlated
with fewer career paths. While it seems intuitive that
students who seek a PhD may be more likely to
pursue careers in academia, in practice nearly 80%
of engineering PhDs are employed in industry
careers [42]. Further, we cannot make assumptions
with regard to the trajectories of Master’s students
with respect to academic careers, as they may be
considering pursuing a PhD or academic careers in
the future. However, regardless of career trajectory,
written engineering communication is a critical skill
[40, 41], and this study correlates strong writing
attitudes with the likelihood of pursuing a wider
variety of careers.

Interpreted through academic literacies theory,
since the discipline of engineering has established
standards and expectations for written work pub-
lished and presented in the community — as do all
disciplines — students who have weaker attitudes
toward writing and who struggle with low writing
self-efficacy may limit themselves in terms of poten-
tial career pathways, including those they perceive
to include more writing. It is plausible that graduate
engineering students have reflected on their per-
ceived strengths and weaknesses, and are already
self-selecting out of academic career trajectories due
to unfamiliarity with academic writing processes,
their goals as a terminal Master’s degree student, or
their aversion to writing combined with an under-
standing of the amount of writing required for
success in academia. This aligns with Daly and
Shamo’s [75] work that determined that students

often select engineering disciplines because they do
not think they will have to write. Writing scholars
also propose linkages between the development of
academic literacy and the development of disciplin-
ary identity and belongingness [4, 12, 76-78] that
may perpetuate into belongingness in certain career
pathways, particularly if students choose careers
where they perceive they will not have to write.
More interesting are the patterns that hold for
strong engineering writers to be likely to consider a
wide breadth of careers. This might represent that
professional competency in engineering writing can
facilitate preparation and success across engineer-
ing sectors, and that students are confident in their
ability to pursue both academic and non-academic
careers. While our study does not capture causality,
the mixed methods portion of the research indicates
that engineering graduate students both identify
that they are lacking exposure to written compe-
tency required for them to be successful in academic
careers, and also have an overall distaste and mis-
trust for academic careers, which adds to the desire
to pursue academic careers as well. These students
have built academic literacy surrounding the system
of academic engineering and publication, and many
have decided not to pursue these career avenues[79].

6.2 Implications for Graduate Programs, Research
Advisors, and Instructors

These interpretations on academic literacy offer a
unique perspective for engineering graduate pro-
grams and research advisors. For EFL students in
particular, programs and faculty must be conscious
of the fact that students are encountering two differ-
ent “languages” at the same time — one as English,
and the other as the disciplinary academic discourse
community. At the very least, discussion of these
issues and access to departmental, university, or
online resources or tutorials about writing may
help EFL students to better approach their attitudes
toward writing in graduate school while also operat-
ing in a foreign environment. For both domestic and
international students, who struggle similarly with
procrastination as a weak writing concept, instruc-
tion aimed at combatting procrastination (e.g., timed
writing exercises, writing journals, distributed dead-
lines, writing accountability groups) would be bene-
ficial to most students. Explicit discussion of weak
writing attitudes and the self-limiting correlations
between writing attitudes with career trajectories,
perhaps using the present findings to facilitate dis-
cussion, may also be an effective method for talking
about writing with graduate students.

To prepare competitive graduate students for a
broad set of careers, we must also help them develop
accurate perceptions of and attitudes toward engi-
neering writing while teaching them to write in an
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environment that increases their competency to
communicate in a disciplinary context. As suggested
by existing initiatives, graduate writing courses
should be taught by engineering faculty, in conjunc-
tion with technical writing faculty, where students
learn to write through authentic disciplinary tasks,
such as journal manuscripts or grants [53, 80].
Students should also be encouraged to form peer
writing and support groups, as recommended by
writing researchers to add accountability and peer
mentorship to make writing a more social experience
[5, 45], en route to developing academic literacy.
The correlations indicated in this research indicate
that facilitating writing competency in engineering
graduate student might be one actionable item
toward broadening participation, if healthy atti-
tudes toward writing “level the playing field” for
all students to pursue the widest breadth of careers in
which they are interested, regardless of their past
affective experiences with academic writing. If aca-
demic writing is a barrier for students who are
lacking social or academic capital [81], then these
students may be deterred from pursuing careers in
academia or those that may require publishing.

7. Conclusions

Engineering graduate programs often require many
milestones are based in written documents, requir-
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Appendices

Appendix A: Participant distribution

U.S. Domestic Permanent Residents International
Gender Identity
Male 181 12 187
Female 153 9 72
Other/Prefer not to disclose 4 3 0
First Language
English 314 17 47
Another 24 7 212
Academic Level
Early career (year 1-2 or before qualifying exam) 201 12 137
or Master’s student
Mid career (years 3—4 or between qualifying exam and 87 5 80
proposal defense)
Late career (years >5 or after proposal defense) 50 7 42




Ellen Zerbe and Catherine G. P. Berdanier

1070 > d 44 5070 > d 4 'SUONO1I0D JAT)LTIU JIB SAN[BA PIPLYS JUBIYIUTIS A[[BOIISIIRIS oI SaN[eA ddvJp[og

#xLPT°0 ¥10°0 960°0 8€0°0— 0800 »xPCT°0 »x8C1°0 *x891°0 #x9€T1°0 Kyanonpoig
£20°0 %£60°0— 890°0 9¢0°0— +860°0 €100 %6070 +680°0 £€0°0 Suruwiogsuea ], a3pajsouy
== 1T1°0 *€01°0 €000~ 1000 $00°0— €500 LT00— LY00 9%0°0 Anpqy deuug
CLO0 100°0 0100~ 9000~ 700 %960°0 $90°0 +£60°0 +L60°0 WISIUORIIIdJ
3
8100~ E0'0- £€0°0- 100°0 $00°0- +880°0 600°0- 110°0 7000 uopEuNSEI0I HHLA
Jo spdaduo)
€00 =xP01°0 9t0°0 120°0— 6£0°0— +20°0 990°0— 0€0°0— 8100~ sydorg djenperH
=C0T°0 9000~ #xPET0 S00°0— £x81T°0 100 1500 #8110 €00 1oydmog
#x0P1°0 850°0 110°0 $00°0 6v0°0 8¢0°0 6£0°0 £660°0 L¥0°0 PAIWLIO-YSEL,
€200~ €200 +080°0 6000~ 0L0°0 120°0 6100 £90°0 §20°0 Ispuwng
*C01°0 S00°0— 2x6P1°0 ¥20°0 #xSP1°0 €200 #xCC1°0 #xL9T°0 SLOO dAnmu
*160°0 L90°0 YL00— L0000~ 500~ €200 9L0°0— L10°0 8000~ UOISIAY ON
. K K K . . . . . ELTRYYY
060°0 170°0 290°0 100~ S10°0 *xS0T°0 500 *101°0 0¥0°0 ds aog
JO ssd01g
S€0°0 #x691°0~ #xEET°0 §S0°0— 219170 690°0 #xL1T0 == IPT0 #=x1T1°0 dAneloqery denper)
I #xLLEO #x97T0 €L0°0 C100- 6100 #x601°0~ 1700~ +080°0— amaudrdonyuy
I #x1€€°0 8¢€0°0 »xI181°0— »xPST°0— »xS0P°0— +xS8E°0— #+LST0— AXY-uoN Ansnpuy
1 900°0 #x0€€°0 860°0— »x[ST°0— 500~ #xS91°0— axy Aysnpuy
I *x80€°0 800 110°0— 8¢0°0 £v0°0 jusuwiuIdA0)
I #2£0T°0 =xP81°0 #219€°0 #£CIT°0 YoIeasay
I #xPPS"0 #x0€5°0 #2809°0 | (oL 21U -UON]) JIWdPEIY
I #xLIL"0 #xS¥9°0 (e[, 2mua[) dMwapesy
1 #x065°0 |  (PaSnO0} Yoreasay) JIWIPEIY
K103d3leay,
1 (pasndoj 3urnyoed ) JIUIPLIY 116D
andudadanuy asy axy Ansnpug JUIUWIUIIA0D) YOIBISY (Opell amua], | (oel] dnud]) (pasndoy (pasndoj
-uoN Ansnpuy -UoN)) dIwdpEdY WPPEDY | YIIBISIY) JIWIPLIY |  Sulyoed | ) dwapedy
K103d3lea], 19318D)

238

[242] 20UDILIUSIS AIIIPUL SYSLIDISY “PIPDYS 34D SUOIID]D.L10D 241]1DSU dY] 2SOY) JO pup
200Jp1oq ur pajuasaid a4p SUOIID]2LL0D JUDIYIUSLS ApO1ISIDIS "S2140102(D.4] 1224DD PUD SUOID]ILL0D I[DIS-DATUL PUD 427Ul YIIN 2]gD] UO1ID]2.LI0D UOSIDA] g Xipuaddy



239

Writing Attitudes and Career Trajectories of Domestic and International Students in the United States

1070 > d 44 5070 > d 4 'SUONO1I0D JAT)LTIU dIB SAN[BA PIPRYS JUBIYIUTIS A[[BOIISIIRIS A1 SAN[BA dvJp[og

P4 Y] #x10€°0 <001°0 #xP0€0~ #xE81°0— #209T°0 #x6LE"0 +160°0 266170 #2881°0 #1910~ £x€9T°0 Kyaponpoig
Suruiojsueay,
I #28TT0~ 2560°0 0°0— 22661°0~ 22611°0 2¢80°0 22687°0 22S97°0 22 16€°0~ 22P01°0— 2285670 agpajmouy
I #2LEE'0 £2061°0 229PE°0 £x60€°0 22P0E°0 $50°0— L10°0— £265€°0 #x00€°0 =28C1°0~ Anpqy dyeuug
I #xLLV'0 P 4] #x60T°0 #2€0€°0 190°0 #x9TT0 150°0 #x9EP°0 $50°0— wistuond93 4
Fi

I 227690 950°0 §S0°0 I70°0— S10°0— #x0TL°0 £29CS"0 #2L6C°0— | UOpBUNSEIOI] HHLA

Jo sydaduo)

I 2560°0 =x€11°0 00— 8700~ =2V 1T0 £29€9°0 #266€°0~ sydoig Jjenpery
I 22 ILT0 22LETO 22SEE°0 =180°0 =xbP1°0 2290770 10pdmdg
I 22LST'0 =281€°0 22£8T°0 LLOO 22SLI°0 PIAIWBLIO-YSE],
I £26T€0 %6800~ w00~ #26€T°0 IspudpRS
I #x8TC0~ 910°0— =x9LY"0 dAnImuy
I 2P0 #x6CT0~ UOISIAY ON

3

I #5STTO~ AS M0 WHEA

Jo ssado1g

I Jspeioqe[y Jjenpern

Sururiojsues, Anmqy st uoy sydorg 10)dmog pAWLIO ISHUIS ANIMU] | UOISIAY ON qS M0 | dapeloqeg
93pamouyy Jeuu] [ -UOPIIYIJ | -vUnSEIOIJ -yse],

SupLip Jo sydoduo)) djenpeirn

SunLIpp JO sS04 djenpels




240 Ellen Zerbe and Catherine G. P. Berdanier

Ellen Zerbe is a PhD candidate in the Department of Mechanical Engineering at Pennsylvania State University. She earned
her Bachelors of Science in Mechanical Engineering at Grove City College. Her research interests include engineering
graduate student writing, graduate level attrition and persistence, and engineering identity in undergraduates from non-R1
universities.

Catherine G. P. Berdanier is an Assistant Professor in the Department of Mechanical Engineering at Pennsylvania State
University. She earned her BS in Chemistry from The University of South Dakota, her MS in Aeronautical and
Astronautical Engineering and PhD in Engineering Education from Purdue University. Her research interests include
graduate-level engineering education, including inter- and multidisciplinary graduate education, and engineering
communication.



