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The PhD program in Mechanical Engineering has been growing rapidly in recent years
(enrollment has increased 74% since 2007). This growth is consistent with the University,
College and Department Strategic plans regarding graduate enrollment. To accommodate and
respond to this growth, the department proposes the following graduate policy changes;

First-year Funding

Currently, we admit approximately 13-14 first year students as TAs, and 3-4 as fellows,
supported by department funds. The remainder, are funded directly by research projects as RAs.
During their first semester, we require the TAs and fellows to identify a mentor, who will agree
to support them as an RA beginning in June and for the remainder of their studies. This gives
these students the freedom to select a research project and mentor from among the available
faculty and projects. This process works well for both the faculty looking to hire RAs and the
incoming students looking for PhD projects. Students have the opportunity to meet and discuss
research with a variety of faculty. Faculty members can match students to individual research
projects based on their interests, strengths and personalities.

However, there are drawbacks; first year students do not always make the best TAs, and funding
does not permit us to offer more than a few fellowships. Ideally, we would like to fund all of our
first year students as fellows and have them select their mentors and transition to RAs during the
first semester. In order to do this we propose the following;

» Admit all first-year PhD students as 1-semester fellows.

« Require fellows to rotate into 2 or 3 one month assignments in research labs in the department.
» Require them to transition to an RA beginning in the second semester.

» Require all PhD students to serve as a TA for one semester during years 2-3.

This will allow us to use the money now used to fund TAs, to fund the first-semester
fellowships. The department will still have the same number of TAs (or more) on average, since
each incoming student will eventually serve one semester as a TA. (This will require a phase-in
period as we transition from first-year TAs to latter-year TAs.)

All TAs will be expected to continue to be actively involved in their research while serving as a

TA. Although the exact timing of TA appointments will be flexible, it is desirable for students to
complete all TA responsibilities by the end of the 3rd year if possible, to allow students to focus

more strongly on their research as they near the end of their graduate studies.

The following specific wording has been added to the Department Graduate policy statement:




V. Teaching Requirement

The ability to communicate effectively is an essential skill for all PhD graduates.
Therefore, all PhD students are required to fulfill a teaching requirement, which
consists of serving as a Teaching Assistant (TA) for one or two semesters,
depending on the assignment. Students are expected to continue to be actively
involved in their research while serving as a TA.

International graduate students are required to take International Teaching
Assistant (ITA) training through the University's English Language Institute (ELI)
prior to their first semester as a graduate student. Training and assessment are part
of the University's requirements for the proficiency of international TA’s. A final
decision on how to resolve any deficiency is made by the Graduate Program
Coordinator in consultation with the student's thesis advisor and the Department
Chair.

Teaching Assistant positions are assigned by the Graduate Curriculum Chair in
advance for the upcoming semester. Students are encouraged to submit their
preferences for specific TA positions early to facilitate the process. Although
every effort is made to satisfy these requests, students should recognize that this
might not be possible in all cases. In addition, the educational needs of the
Department may require the Graduate Curriculum Chair to ask students to fill
specific TA positions.

NOTE: Students already enrolled in the Ph.D. program can choose to switch to the new
guidelines, or continue under the current guidelines.

Advantages to the students and department are;

» Research shows that teaching experience improves students’ research skills
(Science 19 August 2011: Vol. 333 no. 6045 pp. 1037-1039, see appendix)
» Fellowships are a more attractive recruitment offer than TAs
» Lab rotations will give students a taste of several research projects prior to committing.
» Second and third year students are generally better TAs than first-years

Seminar requirement

Each semester, the department invites a number of accomplished scholars to the department to
speak on a wide variety of topics related to mechanical engineering. Attendance at these
seminars is a valuable adjunct to a well-rounded research education. Therefore, the department
has decided to require its graduate students to attend a portion of department seminars. We are
proposing to amend our MSME and PhD requirements accordingly.

MSME students will be required to complete one semester and PhD students will be required to
complete three semesters of MEEG 600 Seminar. This course is currently listed as a one-credit
course. The proposal includes a change to a 0 credit course, graded Pass/Fail. A Mechanical
Engineering faculty member will be assigned to the course and will set policy for taking
attendance and grading the course. A copy of the Course-Inventory form is attached.

Updated GRE and TOEFL Scores

As a last minor change, the department is updating the admission requirement listing for GRE
and TOEFL minimum scores to reflect the current scoring systems. These are a direct conversion
from our old minimum scores using the concordance tables.
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COURSE INVENTORY
Course Revision
SEMINAR

EG/Mechanical Engineering
Effective Term: 12F

Current Proposed
Course title: SEMINAR SEMINAR
Credit type: Fixed: 1 #¥  Fixed: 0
Can this be taken No No
more than once per
term:
Max. repeatable 1 ® 0
credits:
Grade type: Pass/Fall Pass/Fail
Multicultural: No No
First Year No No
Experience:
Discovery Learning No No
Experience:
Instructional format: Lecture: 1 ®  Lecture: 0
Cross-Listed courses:
Course catalog title: Seminar Seminar
Long description: #  Lectures by invited scholars on varlous topics in Mechanical Engineering

and related areas,
Prerequisites:
Corequisites:
Restrictions:

Justifications: Justify the need to revise this course.
The department has had a long tradition of departmental seminars, open to the pubiic
Attendance by graduate students is encouraged but not required. By making Seminar a
required course, we intend to increase attendance and cultivate a richer intellectual culture for
our grad students.

Identify and justify any effect on other courses in your department or in another department
Specifically list other departments chairpersons and/or faculty consulted and summarize results of
discussion.

na

Identify the main emphasis of the course and indicate the nature of the change.
The seminar series emphasizes exposure to and intellectual exchange among students and
scholars in various areas retated to Mechanical Engineering

Instructor reference: Santare,Michael H
santare@udel. edu
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Graduate Students' Teaching Experiences Improve Their
Methodological Research Skills
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Graduate Students’

Teaching

Experiences Improve Their
Methodological Research Skills

David F. Feldon,™* James Peugh,? Briana E. Timmerman,® Michelle A. Maher,** Melissa Hurst,?
Denise Strickland,? Joanna A. Gilmore,® Cindy Stiegelmeyer’

Science, technology, engineering, and mathematics (STEM) graduate students are often
encouraged to maximize their engagement with supervised research and minimize teaching
obligations. However, the process of teaching students engaged in inquiry provides practice in
the application of important research skills. Using a performance rubric, we compared the
quality of methodological skills demonstrated in written research proposals for two groups of
early career graduate students (those with both teaching and research responsibilities and
those with only research responsibilities) at the beginning and end of an academic year. After
statistically controlling for preexisting differences between groups, students who both taught
and conducted research demonstrate significantly greater improvement in their abilities to
generate testable hypotheses and design valid experiments. These results indicate that teaching
experience can contribute substantially to the improvement of essential research skills.

cademic culture in doctoral research uni-
Aversities’ STEM (science, technology,

engineering, mathematics) programs typ-
ically values research activity over teaching (7, 2).
Faculty commonly believe that research activi-
ties enhance teaching quality but disbelieve that
teaching similarly enhances research skills (3, 4)
These beliefs influence not only the professional
priorities of STEM faculty, but also the guidance
given to and the expectations of their graduate
students (3, 6).

Previous research in educational and cog-
nitive psychology suggests that a beneficial rela-
tionship between teaching and research skill
development can exist to the extent that they
entail an overlap of cognitive processes. When
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teaching in a context that requires students to
effectively conceptualize research and solve prob-
lems through inquiry (for example, frame testable
hypotheses, design valid experiments, or draw
appropriate conclusions based on data), instruc-
tors must practice these skills themselves as they
reason through these problems in order to pro-
vide appropriate guidance to their students. When
students are trying to solve different problems,
the instructor must likewise consider the discrete
goals, structure, and methods of each problem,
entailing practice in the relevant cognitive skills

(7). In contrast, a research assistantship in a lab-
oratory probably provides fewer, relatively sim-
ilar projects that are based on the research agenda
of the lab or principal investigator. Further, many
high-level research design issues are likely to be
resolved without requiring the research assistant
to make substantive contributions to, for exam-
ple, specifying research questions or determining
methodology. For graduate students new to a lab,
it is likely that the funded grant proposal sup-
porting their work was written and submitted be-
fore their arrival.

Additionally, when learners are required to
articulate their reasoning processes substantial
evidence indicates that they develop more elab-
orate and effective schemas for problem-solving
that facilitate performance on both typical and
new problems (8, 9). Therefore, when instructors
explain their own research processes to guide their
students (10) they are further reinforcing their
own learning. Research assistantships do not nec-
essarily require extensive self-explanation (/1)

Several small, qualitative studies report ben-
efits of teaching for graduate student participants’
research development. One found that 21 of 27
teaching assistants leading undergraduate labs
reported positive benefits to their research skills
as a result of their teaching experiences (12).
Another found that 33% of research advisors
supervising participants in a National Science
Foundation (NSF) GK-12 program (I3) directly
attributed improvements in participants’ research
performance to their involvement with the pro-
gram (/4). Likewise, a RAND Corporation study
found that STEM graduate students participating
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Fig. 1. Effect of both research and
teaching experiences compared with
research experiences alone for STEM
graduate students’ improvement
in writing testable hypotheses. Af-
ter statistically controlling for pre-
existing differences in the quantity
of prior research experience, scien-
tific reasoning ability, and earned
scores on the written research pro-
posal at the first time point, the
quality of the hypotheses proposed
were significantly higher in the
teaching-and-research condition
(Cohen's d = 0.58). Error bars rep-
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in educational outreach frequently reported that
teaching helped them to reframe their under-
standings of their respective science domains to
explain it to their own students (/5). In a larger,
quantitative survey of graduate students at one
university (n = 524 students), participants who
served as both research assistants and teaching
assistants self-reported higher subsequent con-
ference presentation and publication rates than
that of those who served in only one role (/6)
What each of these studies lacks, however, is a
direct measure of participants’ research skills on
an individual basis with both baseline and post-
intervention performance outcomes. Additionally,
the problematic nature of self-reported attribu-
tions as assessments of learning (77, 18) and the
limited inferences about individuals’ skills that
can be drawn from publication records (19) war-
rant performance-based assessment of individu-
als’ skill improvement to thoroughly evaluate
these claims.

We compared the quality of 95 early-career
(enrolled in the first three years) graduate students’
written research proposals solicited at two time
points using a previously validated rubric (20)
described in the supporting online material (SOM)
text Some participants worked as research as-
sistants with no teaching responsibilities, whereas
others held split appointments with both research
and teaching responsibilities as either teaching
assistants in undergraduate courses or as GK-12
(21) participants partnering with middle school
teachers of STEM content (22). We predicted that
those participants who engaged in both teach-
ing and research activities (n = 49 participants)
would exhibit substantially greater improvement
in certain research skills (setting proposed re-
search in the context of its field, use of primary
literature, testability of hypotheses, research and
experimental design, establishing reliability and
validity of measures, selection of data for analysis,
analysis of data, presentation of results, basing
conclusions on data, and identifying study lim-
itations) than would those engaged solely in re-
search activities (n = 46 participants)

Participants were emrolled as full-time grad-
uate students in research-oriented master’s and
doctoral degree programs in empirical STEM
disciplines at one of three universities in the east-
ern United States (22). One was a large, doctoral
university (undergraduate enrollment = 20,000;
graduate enrollment = 6700), and two selective-
ly offered research-intensive masters degrees in
STEM fields. Of the two master’s institutions, one
was large (undergraduate enrollment = 14,000;
graduate enrollment = 4000), and one was small
(undergraduate enrollment = 8200; graduate en-
rollment ~ 500). Data were collected from three
annual cohorts between 2007 and 2010.

Participants submitted research proposals re-
lated to their academic focal areas in early fall
Before submission, participants were given de-
tailed instructions to include descriptions of the
relevant literature and design for their proposed
research, as well as anticipated results, other po-
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tential outcomes, and the importance of these
results. Participants were also given a summary
of the evaluation criteria. They then revised these
proposals over the course of the academic year
and resubmitted them in late spring as part of
their participation in the study. The team con-
ducting the study provided no feedback to the
participants between the fall and spring submis-
sions, although participants were free to seek in-
dependent feedback from other support networks
and their programs at their discretion

Most participants reported during exit inter-
views that they used their proposals for an ad-
ditional purpose beyond the research study, such
as to meet requirements for a class, research lab,
or conference proposal This information was in-
terpreted as a positive indicator of both ecolog-
ical validity and legitimate effort invested in
the task

The research skills addressed specifically in
this study were setting context for a study, fram-
ing testable hypotheses, attention to validity and
reliability of methods, experimental design, ap-
propriate selection of data for analysis, presenta-
tion of data, data analysis, basing conclusions
on data, identifying limitations, and effective
use of primary literature. These criteria were
selected through a review of relevant literature
and iterative development of criteria with STEM
research faculty (20, 22). At least two raters
scored each proposal, and any discrepant scores
were resolved by discussion until consensus was
reached (23). Raters possessed graduate degrees
in relevant STEM disciplines and attained inter-
rater reliability intraclass correlations of 0.6 to 0.9
when scoring participants’ research proposals be-
fore discussion.

Rubric scores were grouped into three content
areas: introduction (encompassing rubric element
scores for setting the work in context, use of
primary literature, and testability of hypotheses),
results (encompassing rubric element scores for
research and experimental design, establishing

reliability and validity of measures, selection of

data for analysis, analysis of the data, and the
presentation of the results), and discussion (en-

compassing rubric element scores for conclu-
sions based on data and identifying the limitations
of the study). Multivariate analyses of covariance
(MANCOVAs) were conducted in Mplus Version
6.1 (Muthén and Muthén, Los Angeles, CA) to
appropriately model the statistically significant
correlations among the rubric scores within each
of the three content areas (introduction criteria
correlations, 0.4 to 0.64; results criteria correla-
tions, 0.26 to 0.69; discussion criteria correlation,
029). Further, all response variable rubric scores
had 1.1 to 2.0% missing data at the first time
point and 14.7% missing data at the second time
point. A missing values analysis [}*(17) =
23.20, P = 0.14] showed that the missing data
met the assumption for missing completely at
random (MCAR) (24). However, to preserve the
sample size for analysis the missing data were
handled more conservatively under missing at
random (MAR) (25) assumptions by using a max-
imum likelihood estimation algorithm robust to
nonnormally distributed data (MLR) (26). Because
participants were not randomly selected or as-
signed to conditions, several covariates were used
to statistically control for pre-existing differences
between the groups assessed at the first time point:
quantity of participants” prior research experience,
scores on two tests of scientific reasoning, and the
rubric scores from their first research proposal sub-
mission (22).

We performed testing for significant mean
differences between the two independent variable
groups in three steps. First, MANCOVA analyses
enabled the direct statistical test of the null hy-
pothesis that a given rubric score element mean
difference (teaching and research group mean mi-
nus the mean for the research-only group) was
zero, Second, the analysis of 5000 bootstrap sam-
ples of size n = 95 participants enabled the com-
putation of 95% confidence intervals (Cls) for
each rubric score mean difference. Third, Cohen’s
d effect sizes were computed for all mean
differences, and Monte Carlo analyses of 5000
generated data sets of size n = 95 participants
enabled the determination of the number of times
in 5000 samples the null hypothesis (Hy:) of a zero

Fig. 2. Effect of both research and
teaching experiences compared with
research experiences alone for STEM
graduate students’ improvement in
experimental design. After statisti-
cally controlling for pre-existing dif-
ferences in the quantity of prior
research experience, scientific rea-
soning ability, and earned scores on
the written research proposal at the
first time point, the quality of the
experimental designs proposed were
significantly higher in the teaching-
and-research condition (Cohen's d =

- —- N
@ oo @
(=} [=1 =]
1 1 1

Experimental design quality
a
<

0.63). Error bars represent 95% Cls
around the adjusted means.
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mean difference for all rubric score elements was
rejected. Univariate statistical tests of the observed
mean differences between the teaching-and-
research and research-only conditions indicated
significant results for the rubric score elements
“testability of hypotheses” [mean difference =
0.272, P=0.006; CI=(.106, 0.526)] with the null
hypothesis rejected in 99.3% of generated data
samples (Fig 1) and “research/experimental de-
sign” [mean difference = 0.317, P = 0.002; CI =
(106, 0.522)] with the null hypothesis rejected in
100% of generated data samples (Fig, 2).

These findings indicate a medium effect size
for teaching and research experiences’ impact on
participants’ abilities to generate testable hypothe-
ses (Cohen’s d = 0.40) and valid research designs
(Cohen’s 4 = 0.478) in the context of written re-
search proposals (27.4 and 32.9% nonoverlap
between teaching-and-research and research-only
distributions for hypotheses and experimental
design, respectively) (27). Differences in overall
writing quality cannot account for the observed
effects because only specific skills showed dif-
ferential outcomes as a function of experience type.

These data provide direct, performance-based
evidence of improvement on specific research
skills associated with teaching experiences that
complement traditional graduate research train-
ing. As such, they hold substantial implications
for both the programmatic graduate training in
STEM and the challenges that universities face as
they strive to meet increased demand for instruc-
tion with fewer resources. The reframing of teaching
experience as a value-added component of grad-
uate research training suggests several substantial
changes for the culture and practice of graduate
education in STEM disciplines. Further, if teach-

ing becomes a more commonly supported facet
of STEM graduate education then students’ in-
structional training and experiences would alle-
viate persistent concerns that current programs
underprepare future STEM faculty to perform
their teaching responsibilities (28, 29)
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Mutational Inactivation of STAG2
Causes Aneuploidy in Human Cancer

David A. Solomon Taeyeon Kim,' Laura A. Diaz-Martinez,? Joshlean Fair,* Abdel G. Elkahloun,?
Brent T. Harris,* ]effreyA Toretsky Steven A. Rosenberg, Neerav Shukla,® Marc Ladanyi,®
Yardena Samuels,® €. David James,’ Hongtao Yu,? Jung-Sik Kim,* Todd Waldman*

Most cancer cells are characterized by aneuploidy, an abnormal number of chromosomes.

We have identified a clue to the mechanistic origins of aneuploidy through integrative genomic
analyses of human tumors. A diverse range of tumor types were found to harbor deletions or
inactivating mutations of STAG2, a gene encoding a subunit of the cohesin complex, which
regulates the separation of sister chromatids during cell division. Because STAGZ is on the X
chromosome, its inactivation requires only a single mutational event. Studying a near-diploid
human cell line with a stable karyotype, we found that targeted inactivation of STAGZ led to
chromatid cohesion defects and aneuploidy, whereas in two aneuploid human glioblastoma cell
lines, targeted correction of the endogenous mutant alleles of STAG2 led to enhanced chromosomal
stability. Thus, genetic disruption of cohesin is a cause of aneuploidy in human cancer.

ne of the hallmarks of cancer is chromo-
somal instability, which leads to aneu-
ploidy, translocations, loss of heterozygosity,
and other chromosomal aberrations (/, 2). Chro-
mosomal instability is an early event in cancer

www.sciencemag.org SCIENCE VOL 333

pathogenesis and is thought to generate the large
number of genetic lesions required for a cell to
undergo malignant transformation (3). It has been
hypothesized that this instability is due to inacti-
vating mutations in genes that control the mitotic

checkpoint and chromosome segregation (4, 5)
However, in the vast majority of human tumors
the molecular basis of chromosomal instability
and the aneuploidy it produces remains unknown.

To explore this question, we followed up on
previous studies in which we used Affymetrix
250K single-nucleotide polymorphism (SNP)
arrays to identify novel regions of amplification
and deletion in human glioblastoma cell lines
(6-8). In U138MG cells, we identified a region
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Mission Statement

The Department of Mechanical Engineering at the University of Delaware offers masters and
doctoral degree programs geared toward preparing students for leadership positions in industry,
government, and academia. The curriculum for the master’s degree is rooted in the fundamentals
of mechanical engineering but allows for some flexibility through elective courses. The
department offers a research-oriented master’s degree with thesis (MSME) and a coursework-
only degree (MEM). Recognizing that technology and research is rapidly becoming more cross-
disciplinary, the doctoral program (Ph.D.) in the department provides significant flexibility and
the ability to tailor one’s program to meet the challenges of a broad array of research
environments. In addition, the department offers a direct Ph.D. program without the requirements
of a master's degree and the ability to accommodate students with backgrounds in mathematics,
physics and other engineering disciplines into the program.

Admission to Program

Students are admitted into the graduate program for either a Master’s or a doctoral, Ph.D.,
degree. For students with a bachelor’s degree in engineering the following minimum criteria will
normally be applied:

1. A baccalaureate degrec in mechanical engineering or in a closely related field of
science or mathematics.

2. An undergraduate grade point average in engineering, science and mathematics
courses of at least 3.0 on a 4.0 scale.

3. A minimum of at least three letters of strong support from former teachers or
supervisors.

4. A minimum combined Quantitative and Verbal score of 1200 in the Graduate Record
Examination Aptitude Test.

5. A minimum score of 600 (or IBT equivalent) in the Test of English as a Foreign
Language for students whose first language is not English. This test is not required of
students whose first language is English and who have received an undergraduate or
post-graduate degree from a College or University in which English is the sole
language of instruction.

Admission to the graduate program is competitive. Those who meet stated requirements are not
guaranteed admission, nor are those who fail to meet all of those requirements necessarily
precluded from admission if they offer other appropriate strengths.

For applicants with no prior training in engineering, the same minimum criteria will apply. In
addition, their records will be reviewed in relation to the intended program of study. Provisional
status with specific remedial work may be a basis for acceptance of such applicants.

The acceptance of applicants who have already received a Master’s degree in engineering will be
based on the above minimum criteria and the results of their graduate work.




Advisement

A temporary academic advisor is assigned to new students when they are admitted to the
Department. Students select their permanent advisor once they become familiar with the
department, and clear about their research interests. The permanent advisor will be someone
whose interest matches the interest of the student insofar as possible. For students on Research
Assistantships, the advisor directs their research and advises them on course selection.




MASTER of SCIENCE in MECHANICAL ENGINEERING (MSME)

The Master of Science in Mechanical Engineering (MSME) program consists of 24 credit hours
of graduate level coursework, plus 6 credits of Master's Thesis. Coursework must be completed
with a grade point average of 3.0 or higher. The requirements are designed both to provide a
balanced program in Mechanical Engineering and to allow for a degree of specialization.
Students should be able to complete all degree requirements, including the thesis, in 18 to 24
months of full-time study.

I. Course Requirements
A. The following four courses are required (12 credits):

= MEEG 690 Intermediate Engineering Mathematics
* Three from the following list:
* MEEG 610 Intermediate Solid Mechanics
* MEEG 620 Intermediate Dynamics
* MEEG 630 Intermediate Fluid Mechanics
* MEEG 640 Intermediate Heat Transfer
* MEEG 683 Orthopedic Biomechanics

Students may petition the Graduate Committee to substitute a more advanced (e.g., 800-level)
course on the same topic for one of these required courses.

B. One additional graduate level course (3 credits) in mathematics or numerical methods. The
student makes this selection with the documented approval of the Department's Graduate
Committee, which has the authority to decide on acceptable courses.

C. Three additional elective graduate level courses (9 credits) in engineering or mathematical,
physical or biological sciences. The student makes these selections with the documented
approval of the department's Graduate Committee, which has the authority to decide on
acceptable courses.

D. 6 credits of MEEG 869 Master's Thesis.
II. Thesis Requirements

A thesis is required which demonstrates the student's ability to conduct scholarly research.
Entering graduate students are expected to choose a thesis advisor and research topic during
their first semester in the Department so that they can initiate research and choose appropriate
elective courses.

At the completion of the thesis research, candidates for the MSME degree must defend their
thesis orally to a committee of at least three faculty members. The committee will be chaired by
the thesis advisor who, along with at least one other committee member, must be regular full-
time faculty in the Department of Mechanical Engineering. The thesis is to be submitted to
committee members at least two weeks in advance of the defense and shall meet the academic
and professional standards set forth by the University. Upon acceptance of the thesis, the
Committee recommends approval to the Department Chairperson.




HI. Learning Outcomes and Assessment

A. The student will demonstrate the ability to apply graduate-level mathematics to the solution of
engineering problems in at least two of the general areas of solid mechanics, fluid mechanics,
dynamics and heat transfer.

Direct assessment: Student learning relative to this outcome is assessed by the student’s
course grades in: MEEG 610 Intermediate Solid Mechanics; MEEG 620 Intermediate
Dynamics; MEEG 630 Intermediate Fluid Mechanics; MEEG 640 Intermediate Heat
Transfer; and MEEG 690 Intermediate Engineering Mathematics.

Indirect assessment: A current and updated employment listing will serve as indirect
evidence of student attainment of the learning goal.

B. The student will demonstrate the ability to conduct, present and defend graduate-level
research including literature review, motivation, methodology utilized, results, unique
contributions, and conclusions generated.

Direct assessment: Student learning relative to this outcome is assessed by the quality of
the written master’s thesis and performance in the thesis defense.

Indirect assessment: A current and updated employment listing will serve as indirect
evidence of student attainment of the learning goal.




MASTER OF ENGINEERING: MECHANICAL (MEM)

The Master of Engineering: Mechanical (MEM) program consists of 30 credit hours of graduate
level coursework. Coursework must be completed with a grade point average of 3.0 or higher.
The requirements are designed to provide a general program and to allow for some concentration
of study within Mechanical Engineering. It will be possible to complete this program taking
courses in the late afternoon, early evening, and/or in a distance format.

Engineering Outreach can help facilitate part-time graduate education. This degree is not
available to students who have been enrolled in the MSME degree program.

I. Course Requirements
A. The following five courses are required (15 credits):

* MEEG 690 Intermediate Engineering Mathematics
* Four from the following list:
* MEEG 610 Intermediate Solid Mechanics
* MEEG 620 Intermediate Dynamics
* MEEG 630 Intermediate Fluid Mechanics
* MEEG 640 Intermediate Heat Transfer
* MEEG 683 Orthopedic Biomechanics

Students may petition the Graduate Committee to substitute a more advanced (c.g., 800-level)
course on the same topic for one of these required courses.

B. One additional graduate level course (3 credits) in mathematics or numerical methods. The
student makes this selection with the documented approval of the Department's Graduate
Committee, which has the authority to decide on acceptable courses.

C. One additional graduate level course (3 credits) in Mechanical Engineering. Three credits of
MEEG 868 Research can be used toward this requirement. The student makes this selection with
the documented approval of the department's Graduate Committee, which has the authority to
decide on acceptable courses.

D. Three additional graduate level courses (9 credits) in engineering, mathematical, physical or
biological sciences or business and economics. The student makes these selections with the
documented approval of the department's Graduate Committee, which has the authority to decide
on acceptable courses.

IL. Learning Outcomes and Assessment

A. The student will demonstrate the ability to apply graduate-level mathematics to the solution of
engineering problems in at least two of the general areas of solid mechanics, fluid mechanics,
dynamics and heat transfer.

Direct assessment: Student learning relative to this outcome is assessed by the student’s
course grades in: MEEG 610 Intermediate Solid Mechanics; MEEG 620 Intermediate
Dynamics; MEEG 630 Intermediate Fluid Mechanics; MEEG 640 Intermediate Heat
Transfer; and MEEG 690 Intermediate Engineering Mathematics.
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Indirect assessment: A current and updated employment listing will serve as indirect
evidence of student attainment of the learning goal.




PH.D. in MECHANICAL ENGINEERING

The Ph.D. program in Mechanical Engineering consists of the Ph.D. Qualifier Examination as
specified in Section III below, 33 credits of graduate level course work plus 9 credits of Doctoral
Dissertation. The Ph.D. program is designed to allow for considerable flexibility in course
selection and specialization of study. Course work must be completed with a cumulative grade
point average of 3.0 or higher (see Graduate Catalog for relevant details). In addition, the student
must pass a Candidacy Examination prior to completing the dissertation requirements. The Ph.D.
should be obtainable in four years of full-time study after entering the program. There is no
foreign language or teaching requirement for the Ph.D.

I. Course Requirements

A. At least four courses (12 credits) at the 600 or higher level in Mechanical Engineering
(MEEG)

B. At least three courses (9 credits) at the 800 level.
C. At least one course (3 credits) in mathematics (other than MEEG690).
D. 9 credits of MEEG 969 Doctoral Dissertation.

An individual course can be used to meet more than one of the requirements A, B or C provided
the total number of credits is at least 33. MEEG 868 cannot be used toward these requirements.

Students will submit a proposed course plan to the Dissertation Committee at the time of their
candidacy exam. Upon approval, it will enter into the candidate's file. Deviations from the
proposed plan must be approved by the Dissertation Committee. A copy of the course plan must
be sent to the University Office of Graduate Studies.

IL. Dissertation Requirements

A dissertation is required which demonstrates the student's ability to conduct independent
rescarch. A Dissertation Committee is selected by the advisor and approved by the Department
Chairperson. This committee will also serve as the student's Candidacy Examination Committee.
At least three Mechanical Engineering Department faculty members and at least one faculty
member from another department will serve on the Dissertation Committee. The Committee will
be chaired by the research advisor, who must be a regular full-time member of the Department of
Mechanical Engineering Faculty. During the course of the research, the student will periodically
review progress with the Committee.

The student must orally present the dissertation before the Dissertation Committee at an open
defense. The student shall supply final draft copies of the dissertation to members of the
Committee at least two weeks before the oral defense. The dissertation must meet the academic
and professional standards set forth by the University.

I11. Qualifying Examination



The purpose of the qualifying examination is to assess the aptitude of a doctoral student in the
early stages of the program. A student must be enrolled in the Ph.D. program, have a minimum
GPA of 3.2 and a minimum of 12 graduate coursework credits to complete the qualifying exam.

The qualifying exam will consist of three parts

a) a research aptitude exam based on the student’s research interest area
b) one math exam (based on the content in MEEG 690)
) one mechanical engineering topic exam (based on undergraduate-level

mechanical engineering and the content in one of the core courses, MEEG 610,
MEEG 620, MEEG 630, MEEG 640)

Part a) will be offered between the end of the first semester and the end of the second
semester of study and will:

1) Include a 2-3 page report reviewing and summarizing typically 3 or 4 published
peer reviewed journal articles from the literature, in the student’s research
interest arca. The journal articles will be selected by the student’s advisor and no
more than one of them shall have been authored by the advisor.

i)  Include a 20 minute oral presentation of the above described report, followed by a
period of questioning related to the selected papers.

iii)  Be graded by a committee of at least three faculty members, including the
student’s research advisor and two other faculty members, not advising the
student, appointed by the department chair. The criteria for grading will be
established by the faculty and provided to the student ahead of the exam.

Parts b) and c) will be written exams, offered in carly June and must be taken at the first
opportunity after the completion of 12 graduate coursework credits toward the Ph.D.

In judging student performance on this examination, the faculty has three options: (i) outright ‘
passing, (ii) giving a second chance, and (iii) outright failing. If the student is given a second |
chance, the faculty will specify the parameters for taking and passing the second chance exam.
These decisions will be made in a faculty meeting held as soon as possible following the grading
of the exams. There will be no third chance given. A student who ultimately fails the Qualifying
Examination is not eligible to continue in the Ph.D. program, but may apply to change his/her
matriculation to the MSME program.

IV. Candidacy Examination

The Ph.D. Candidacy Examination must be taken within one and a half years of successful
completion of the Qualifying Examination and at least one year prior to the dissertation defense.
The student will prepare a comprehensive, written research proposal and defend it orally before
the Candidacy Examination Committee (the composition of which is specified in II). The
Candidacy Examination is intended to test the student's ability to synthesize knowledge in the
formulation of an independent research proposal. Performance is judged by the Candidacy
Examination Committee, and any additional requirements they wish to impose must be satisfied
before the student is admitted to candidacy. Additional requirements could include, but are not
limited to: taking additional course work, modifying the written research proposal, and defending
the revised proposal before the Candidacy Examination Committee. Satisfactory completion of
any additional requirements must be approved by the student's Candidacy Examination
Committee.
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NOTE: Students already enrolled in the Ph.D. program can choose to switch to the new
guidelines, or continue under the current guidelines.

V. Learning Outcomes and Assessment

A. The student will demonstrate the ability to apply graduate-level mathematics to the solution of
engineering problems in at least two of the general areas of solid mechanics, fluid mechanics,
dynamics and heat transfer.

Direct assessment: Student learning relative to this outcome is assessed by the student’s
performance on the written Ph.D. Qualifying exam.

Indirect assessment: A current and updated employment listing will serve as indirect
evidence of student attainment of the learning goal.

B. The student will demonstrate the ability to conduct, present and defend graduate-level
research including literature review, motivation, methodology utilized, results, unique
contributions, and conclusions generated.

Direct assessment: Student learning relative to this outcome is assessed by the quality of
the written dissertation and performance in the dissertation defense.

Indirect assessment: A current and updated employment listing will serve as indirect
evidence of student attainment of the learning goal.

C. The student will demonstrate the ability to propose and present relevant graduate-level
research including the description of importance of a problem, a literature review of potential
topics where unique contributions can be made and anticipated methodology.

Direct assessment: Student learning related to this outcome is assessed by performance
on the Candidacy Examination.

Indirect assessment: A current and updated employment listing will serve as indirect
evidence of student attainment of the learning goal.




[Marked up copy GRADUATE PROGRAM

Mechamcal Engineering
641-26422012-2013

Mission Statement

The Department of Mechanical Engineering at the University of Delaware offers masters and
doctoral degree programs geared toward preparing students for leadership positions in industry,
government, and academia. The curriculum for the master’s degree is rooted in the fundamentals
of mechanical engineering but allows for some flexibility through elective courses. The
department offers a research-oriented master’s degree with thesis (MSME) and a coursework-
only degree (MEM). Recognizing that technology and research is rapidly becoming more cross-
disciplinary, the doctoral program (Ph.D.) in the department provides significant flexibility and
the ability to tailor one’s program to meet the challenges of a broad array of research
environments. In addition, the department offers a direct Ph.D. program without the requirements
of a master's degree and the ability to accommodate students with backgrounds in mathematics,
physics and other engineering disciplines into the program.

Admission to Program

Students are admitted into the graduate program for either a Master’s or a doctoral, Ph.D.,
degree. For students with a bachelor’s degree in engineering the following minimum criteria will
normally be applied:

1. A baccalaureate degree in mechanical engineering or in a closely related field of
science or mathematics.

2. An undergraduate grade point average in engineering, science and mathematics
courses of at least 3.0 on a 4.0 scale.

3. A minimum of at least three letters of strong support from former teachers or
supervisors.

4. A minimum combined Quantitative and Verbal score of 308 (1200) im—on the
Graduate Record Examination Aptitude Test.

5. A minimum score of 600 ¢erdBT-equivalenti-inon the Test of English as a Foreign
Language, at least 250 on the computer- based TOEFL or at least 100 on the IBT with
a speaking score of 20fs ge-is-notEaghsh. This test is not
required of students whose ﬁrst language is Enghsh and Who bave received an
undergraduate or post-graduate degree from a College or University in which English
is the sole language of instruction.

Admission to the graduate program is competitive. Those who meet stated requirements are not
guaranteed admission, nor are those who fail to meet all of those requirements necessarily
precluded from admission if they offer other appropriate strengths.

For applicants with no prior training in engineering, the same minimum criteria will apply. In
addition, their records will be reviewed in relation to the intended program of study. Provisional
status with specific remedial work may be a basis for acceptance of such applicants.

The acceptance of applicants who have already received a Master’s degree in engineering will be
based on the above minimum criteria and the results of their graduate work.




Advisement

A temporary academic advisor is assigned to new students when they are admitted to the
Department. Students select their permanent advisor once they become familiar with the
department, and clear about their research interests. The permanent advisor will be someone
whose interest matches the interest of the student insofar as possible. For students on Research
Assistantships, the advisor directs their research and advises them on course selection.




MASTER of SCIENCE in MECHANICAL ENGINEERING (MSME)

The Master of Science in Mechanical Engineering (MSME) program consists of 24 credit hours
of graduate level coursework, plus 6 credits of Master's Thesis. Coursework must be completed
with a grade point average of 3.0 or higher (see Graduate Catalog for relevant details). The
requirements are designed both to provide a balanced program in Mechanical Engineering and to
allow for a degree of specialization. Students should be able to complete all degree requirements,
including the thesis, in 18 to 24 months of full-time study.

L. Course Requirements
A. The following four courses are required (12 credits):

= MEEG 690 Intermediate Engineering Mathematics
* Three from the following list:
* MEEG 610 Intermediate Solid Mechanics
* MEEG 620 Intermediate Dynamics
* MEEG 630 Intermediate Fluid Mechanics
* MEEG 640 Intermediate Heat Transfer
* MEEG 683 Orthopedic Biomechanics

Students may petition the Graduate Committee to substitute a more advanced (e.g., 800-level)
course on the same topic for one of these required courses.

B. One additional graduate level course (3 credits) in mathematics or numerical methods. The
student makes this selection with the documented approval of the Department's Graduate
Committee, which has the authority to decide on acceptable courses.

C. Three additional elective graduate level courses (9 credits) in engineering or mathematical,
physical or biological sciences. The student makes these selections with the documented
approval of the department's Graduate Committee, which has the authority to decide on
acceptable courses.

D. At least one semester of MEEG 600 Seminar (0 credits). Special arrangements can be made
for part-time students to fulfill this requirement.

BE. 6 credits of MEEG 869 Master's Thesis.
II. Thesis Requirements

A thesis is required which demonstrates the student's ability to conduct scholarly research.
Entering graduate students are expected to choose a thesis advisor and research topic during
their first semester in the Department so that they can initiate research and choose appropriate
elective courses.

At the completion of the thesis research, candidates for the MSME degree must defend their
thesis orally to a committee of at least three faculty members. The committee will be chaired by
the thesis advisor who, along with at least one other committee member, must be regular full-
time faculty in the Department of Mechanical Engineering. The thesis is to be submitted to
committee members at least two weeks in advance of the defense and shall meet the academic




and professional standards set forth by the University. Upon acceptance of the thesis, the
Committee recommends approval to the Department Chairperson.

I1L. Learning Outcomes and Assessment

A. The student will demonstrate the ability to apply graduate-level mathematics to the solution of
engineering problems in at least two of the general areas of solid mechanics, fluid mechanics,
dynamics and heat transfer.

Direct assessment: Student learning relative to this outcome is assessed by the student’s
course grades in: MEEG 610 Intermediate Solid Mechanics; MEEG 620 Intermediate
Dynamics; MEEG 630 Intermediate Fluid Mechanics; MEEG 640 Intermediate Heat
Transfer; and MEEG 690 Intermediate Engineering Mathematics.

Indirect assessment: A current and updated employment listing will serve as indirect
evidence of student attainment of the learning goal.

B. The student will demonstrate the ability to conduct, present and defend graduate-level
research including literature review, motivation, methodology utilized, results, unique
contributions, and conclusions generated.

Direct assessment: Student learning relative to this outcome is assessed by the quality of
the written master’s thesis and performance in the thesis defense.

Indirect assessment: A current and updated employment listing will serve as indirect
evidence of student attainment of the learning goal.




MASTER OF ENGINEERING: MECHANICAL (MEM)

The Master of Engineering: Mechanical (MEM) program consists of 30 credit hours of graduate
level coursework. Coursework must be completed with a grade point average of 3.0 or higher
(see Graduate Catalog for relevant details). The requirements are designed to provide a general
program and to allow for some concentration of study within Mechanical Engincering. It will be
possible to complete this program taking courses in the late afternoon, early evening, and/or in a
distance format.

Engineering Outreach can help facilitate part-time graduate education. This degree is not
available to students who have been enrolled in the MSME degree program.

I. Course Requirements
A. The following five courses are required (15 credits):

= MEEG 690 Intermediate Engineering Mathematics
* Four from the following list:
* MEEG 610 Intermediate Solid Mechanics
* MEEG 620 Intermediate Dynamics
* MEEG 630 Intermediate Fluid Mechanics
* MEEG 640 Intermediate Heat Transfer
* MEEG 683 Orthopedic Biomechanics

Students may petition the Graduate Committee to substitute a more advanced (e.g,, 800-level)
course on the same topic for one of these required courses.

B. One additional graduate level course (3 credits) in mathematics or numerical methods. The
student makes this selection with the documented approval of the Department's Graduate
Committee, which has the authority to decide on acceptable courses.

C. One additional graduate level course (3 credits) in Mechanical Engineering. Three credits of
MEEG 868 Research can be used toward this requirement. The student makes this selection with
the documented approval of the department's Graduate Committee, which has the authority to
decide on acceptable courses.

D. Three additional graduate level courses (9 credits) in engineering, mathematical, physical or
biological sciences or business and economics, The student makes these selections with the
documented approval of the department's Graduate Committee, which has the authority to decide
on acceptable courses.

II. Learning Outcomes and Assessment
A. The student will demonstrate the ability to apply graduate-level mathematics to the solution of
engineering problems in at least two of the general areas of solid mechanics, fluid mechanics,

dynamics and heat transfer.

Direct assessment: Student learning relative to this outcome is assessed by the student’s
course grades in: MEEG 610 Intermediate Solid Mechanics; MEEG 620 Intermediate




Dynamics; MEEG 630 Intermediate Fluid Mechanics; MEEG 640 Intermediate Heat
Transfer; and MEEG 690 Intermediate Engineering Mathematics.

Indirect assessment: A current and updated employment listing will serve as indirect
evidence of student attainment of the learning goal.




PH.D. in MECHANICAL ENGINEERING

The Ph.D. program in Mechanical Engineering consists of the Ph-D—-Qualifier Examination-as

speeified-in-Section- - below;-33 credits of graduate level course work plus 9 credits of Doctoral
Dissertation. The Ph.D. program is designed to allow for considerable flexibility in course

selection and specialization of study. Course work must be completed with a cumulative grade
point average of 3.0 or higher (see Graduate Catalog for relevant details). In addition, the student
must pass the Qualifying Examination, e-Candidacy Examination and fulfill the teaching
requirement prior to completing the dissertation requirements. The Ph.D. should be obtainable in
four years of full-time study after entering the program. There is no foreign language o+teaching
requirement for the Ph.D.

I. Course Requirements

A. At least four courses (12 credits) at the 600 or higher level in Mechanical Engineering
(MEEG)

B. At least three courses (9 credits) at the 800 level.
C. At least one course (3 credits) in mathematics (other than MEEG690).

D. At least three semesters of MEEG 600 Seminar (0 credits). Special arrangements can be made
for part-time students to fulfill this requirement.

BE. 9 credits of MEEG 969 Doctoral Dissertation.

An individual course can be used to meet more than one of the requirements A, B or C provided
the total number of credits is at least 33. MEEG 868 cannot be used toward these requirements.

Students will submit a proposed course plan to the Dissertation Committee at the time of their
candidacy exam. Upon approval, it will enter into the candidate's file. Deviations from the
proposed plan must be approved by the Dissertation Committee. A copy of the course plan must
be sent to the University Office of Graduate Studies.

II. Dissertation Requirements

A dissertation is required which demonstrates the student's ability to conduct independent
research. A Dissertation Committee is selected by the advisor and approved by the Department
Chairperson. This committee will also serve as the student's Candidacy Examination Commuittee.
At least three Mechanical Engineering Department faculty members and at least one faculty
member from another department will serve on the Dissertation Committee. The Committee will
be chaired by the research advisor, who must be a regular full-time member of the Department of
Mechanical Engineering Faculty. During the course of the research, the student will periodically
review progress with the Committee.

The student must orally present the dissertation before the Dissertation Committee at an open
defense. The student shall supply final draft copies of the dissertation to members of the
Committee at least two weeks before the oral defense. The dissertation must meet the academic
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and professional standards set forth by the University.
II. Qualifying Examination

The purpose of the qualifying examination is to assess the aptitude of a doctoral student in the
carly stages of the program. A student must be enrolled in the Ph.D. program, have a minimum
GPA of 3.2 and a minimum of 12 graduate coursework credits to complete the qualifying exam.

The qualifying exam will consist of three parts

a) a research aptitude exam based on the student’s research interest area
b) one math exam (based on the content in MEEG 690)
c) one mechanical engineering topic exam (based on undergraduate-level

mechanical engineering and the content in one of the core courses, MEEG 610,
MEEG 620, MEEG 630, MEEG 640)

Part a) will be offered between the end of the first semester and the end of the second
semester of study and will:

1) Include a 2-3 page report reviewing and summarizing typically 3 or 4 published
peer reviewed journal articles from the literature, in the student’s research
interest area. The journal articles will be selected by the student’s advisor and no
mote than one of them shall have been authored by the advisor.

ii)  Include a 20 minute oral presentation of the above described report, followed by a
period of questioning related to the selected papers.

iii)  Be graded by a committee of at least three faculty members, including the
student’s research advisor and two other faculty members, not advising the
student, appointed by the department chair. The criteria for grading will be
established by the faculty and provided to the student ahead of the exam.

Parts b) and c) will be written exams, offered in early June and must be taken at the first
opportunity after the completion of 12 graduate coursework credits toward the Ph.D.

In judging student performance on this examination, the faculty has three options: (i) outright
passing, (ii) giving a second chance, and (iii) outright failing. If the student is given a second
chance, the faculty will specify the parameters for taking and passing the second chance exam.
These decisions will be made in a faculty meeting held as soon as possible following the grading
of the exams. There will be no third chance given. A student who ultimately fails the Qualifying
Examination is not eligible to continue in the Ph.D. program, but may apply to change his/her
matriculation to the MSME program.

IV. Candidacy Examination

The Ph.D. Candidacy Examination must be taken within one and a half years of successful
completion of the Qualifying Examination and at least one year prior to the dissertation defense.
The student will prepare a comprehensive, written research proposal and defend it orally before
the Candidacy Examination Committee (the composition of which is specified in II). The
Candidacy Examination is intended to test the student's ability to synthesize knowledge in the
formulation of an independent research proposal. Performance is judged by the Candidacy
Examination Committee, and any additional requirements they wish to impose must be satisfied
before the student is admitted to candidacy. Additional requirements could include, but are not

8




limited to: taking additional course work, modifying the written research proposal, and defending
the revised proposal before the Candidacy Examination Committee. Satisfactory completion of
any additional requirements must be approved by the student's Candidacy Examination
Committee.

V. Teaching Requirement

The ability to communicate effectively is an essential skill for all PhD graduates. Therefore, all
PhD students are required fo fulfill a teaching requirement, which consists of serving as a
Teaching Assistant (TA) for one or two semesters, depending on the assignment. Students are
expected to continue to be actively involved in their research while serving as a TA.

International graduate students are required to take International Teaching Assistant (ITA)
training through the University's English Language Institute (ELI) prior to their first semester as
a graduate student. Training and assessment are part of the University's requirements for the
proficiency of international TA’s. A final decision on how to resolve any deficiency is made by
the Graduate Program Coordinator in consultation with the student's thesis advisor and the
Department Chair.

Teaching Assistant positions are assigned by the Graduate Curriculuma Chair in advance for the
upcoming semester. Students are encouraged to submit their preferences for specific TA
positions early to facilitate the process. Although every effort is made to satisfy these reguests,
students should recognize that this might not be possible in all cases. In addition, the educational
needs of the Departiment may require the Graduate Curriculum Chair to ask students to fill
specific TA positions.

NOTE: Students already enrolled in the Ph.D. program can choose to switch to the new
guidelines, or continue under the current guidelines.

¥VI. Learning Outcomes and Assessment

A. The student will demonstrate the ability to apply graduate-level mathematics to the solution of
engineering problems in at least two of the general areas of solid mechanics, fluid mechanics,
dynamics and heat transfer.

Direct assessment: Student learning relative to this outcome is assessed by the student’s
performance on the written Ph.D. Qualifying exam.

Indirect assessment: A current and updated employment listing will serve as indirect
evidence of student attainment of the learning goal.

B. The student will demonstrate the ability to conduct, present and defend graduate-level
research including literature review, motivation, methodology utilized, results, unique
contributions, and conclusions generated.

Direct assessment: Student learning relative to this outcome is assessed by the quality of
the written dissertation and performance in the dissertation defense.

Indirect assessment: A current and updated employment listing will serve as indirect
evidence of student attainment of the learning goal.
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C. The student will demonstrate the ability to propose and present relevant graduate-level
research including the description of importance of a problem, a literature review of potential
topics where unique contributions can be made and anticipated methodology.

Direct assessment: Student learning related to this outcome is assessed by performance
on the Candidacy Examination.

Indirect assessment: A current and updated employment listing will serve as indirect
evidence of student attainment of the learning goal.
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Mission Statement

The Department of Mechanical Engineering at the University of Delaware offers masters and
doctoral degree programs geared toward preparing students for leadership positions in industry,
government, and academia. The curriculum for the master’s degree is rooted in the fundamentals
of mechanical engineering but allows for some flexibility through elective courses. The
department offers a research-oriented master’s degree with thesis (MSME) and a coursework-
only degree (MEM). Recognizing that technology and research is rapidly becoming more cross-
disciplinary, the doctoral program (Ph.D.) in the department provides significant flexibility and
the ability to tailor one’s program to meet the challenges of a broad array of research
environments. In addition, the department offers a direct Ph.D. program without the requirements
of a master's degree and the ability to accommodate students with backgrounds in mathematics,
physics and other engineering disciplines into the program.

Admission to Program

Students are admitted into the graduate program for either a Master’s or a doctoral, Ph.D.,
degree. For students with a bachelor’s degree in engineering the following minimum criteria will
normally be applied:

1. A baccalaureate degree in mechanical engineering or in a closely related field of
science or mathematics.

2. An undergraduate grade point average in engineering, science and mathematics
courses of at least 3.0 on a 4.0 scale.

3. A minimum of at least three letters of strong support from former teachers or
Supervisors.

4. A minimum combined Quantitative and Verbal score of 308 (1200) on the Graduate
Record Examination Aptitude Test.

5. A minimum score of 600 on the Test of English as a Foreign Language, at least 250
on the computer-based TOEFL, or at least 100 on the IBT with a speaking score of
20. This test is not required of students whose first language is English and who have
received an undergraduate or post-graduate degree from a College or University in
which English is the sole language of instruction.

Admission to the graduate program is competitive. Those who meet stated requirements are not
guaranteed admission, nor are those who fail to meet all of those requirements necessarily
precluded from admission if they offer other appropriate strengths.

For applicants with no prior training in engineering, the same minimum criteria will apply. In
addition, their records will be reviewed in relation to the intended program of study. Provisional
status with specific remedial work may be a basis for acceptance of such applicants.

The acceptance of applicants who have already received a Master’s degree in engineering will be
based on the above minimum criteria and the results of their graduate work.




Advisement

A temporary academic advisor is assigned to new students when they are admitted to the
Department. Students select their permanent advisor once they become familiar with the
department, and clear about their research interests. The permanent advisor will be someone
whose interest matches the interest of the student insofar as possible. For students on Research
Assistantships, the advisor directs their research and advises them on course selection.




MASTER of SCIENCE in MECHANICAL ENGINEERING (MSME)

The Master of Science in Mechanical Engineering (MSME) program consists of 24 credit hours
of graduate level coursework, plus 6 credits of Master's Thesis. Coursework must be completed
with a grade point average of 3.0 or higher (see Graduate Catalog for relevant details). The
requirements are designed both to provide a balanced program in Mechanical Engineering and to
allow for a degree of specialization. Students should be able to complete all degree requirements,
including the thesis, in 18 to 24 months of full-time study.

I. Course Requirements
A. The following four courses are required (12 credits):

= MEEG 690 Intermediate Engineering Mathematics
* Three from the following list:
* MEEG 610 Intermediate Solid Mechanics
* MEEG 620 Intermediate Dynamics
* MEEG 630 Intermediate Fluid Mechanics
* MEEG 640 Intermediate Heat Transfer
* MEEG 683 Orthopedic Biomechanics

Students may petition the Graduate Committee to substitute a more advanced (e.g., 800-level)
course on the same topic for one of these required courses.

B. One additional graduate level course (3 credits) in mathematics or numerical methods. The
student makes this selection with the documented approval of the Department's Graduate
Committee, which has the authority to decide on acceptable courses.

C. Three additional elective graduate level courses (9 credits) in engineering or mathematical,
physical or biological sciences. The student makes these selections with the documented
approval of the department's Graduate Committee, which has the authority to decide on
acceptable courses.

D. At least one semester of MEEG 600 Seminar (0 credits). Special arrangements can be made
for part-time students to fulfill this requirement.

E. 6 credits of MEEG 869 Master's Thesis.
11. Thesis Requirements

A thesis is required which demonstrates the student's ability to conduct scholarly research.
Entering graduate students are expected to choose a thesis advisor and research topic during
their first semester in the Department so that they can initiate research and choose appropriate
elective courses.

At the completion of the thesis research, candidates for the MSME degree must defend their
thesis orally to a committee of at least three faculty members. The committee will be chaired by
the thesis advisor who, along with at least one other committee member, must be regular full-
time faculty in the Department of Mechanical Engineering. The thesis is to be submitted to
committee members at least two weeks in advance of the defense and shall meet the academic




and professional standards set forth by the University. Upon acceptance of the thesis, the
Committee recommends approval to the Department Chairperson.

HI. Learning Outcomes and Assessment

A. The student will demonstrate the ability to apply graduate-level mathematics to the solution of
engineering problems in at least two of the general areas of solid mechanics, fluid mechanics,
dynamics and heat transfer.

Direct assessment: Student learning relative to this outcome is assessed by the student’s
course grades in: MEEG 610 Intermediate Solid Mechanics; MEEG 620 Intermediate
Dynamics; MEEG 630 Intermediate Fluid Mechanics; MEEG 640 Intermediate Heat
Transfer; and MEEG 690 Intermediate Engineering Mathematics.

Indirect assessment: A current and updated employment listing will serve as indirect
evidence of student attainment of the learning goal.

B. The student will demonstrate the ability to conduct, present and defend graduate-level
research including literature review, motivation, methodology utilized, results, unique
contributions, and conclusions generated.

Direct assessment: Student learning relative to this outcome is assessed by the quality of
the written master’s thesis and performance in the thesis defense.

Indirect assessment: A current and updated employment listing will serve as indirect
evidence of student attainment of the learning goal.



MASTER OF ENGINEERING: MECHANICAL (MEM)

The Master of Engineering: Mechanical (MEM) program consists of 30 credit hours of graduate
level coursework. Coursework must be completed with a grade point average of 3.0 or higher
(see Graduate Catalog for relevant details). The requirements are designed to provide a general
program and to allow for some concentration of study within Mechanical Engineering. It will be
possible to complete this program taking courses in the late afternoon, early evening, and/or in a
distance format.

Engineering Outreach can help facilitate part-time graduate education. This degree is not
available to students who have been enrolled in the MSME degree program.

I. Course Requirements
A. The following five courses are required (15 credits):

= MEEG 690 Intermediate Engineering Mathematics
* Four from the following list:
* MEEG 610 Intermediate Solid Mechanics
* MEEG 620 Intermediate Dynamics
* MEEG 630 Intermediate Fluid Mechanics
* MEEG 640 Intermediate Heat Transfer
* MEEG 683 Orthopedic Biomechanics

Students may petition the Graduate Committee to substitute a more advanced (e.g., 800-level)
course on the same topic for one of these required courses.

B. One additional graduate level course (3 credits) in mathematics or numerical methods. The
student makes this selection with the documented approval of the Department's Graduate
Committee, which has the authority to decide on acceptable courses.

C. One additional graduate level course (3 credits) in Mechanical Engineering. Three credits of
MEEG 868 Research can be used toward this requirement. The student makes this selection with
the documented approval of the department's Graduate Committee, which has the authority to
decide on acceptable courses.

D. Three additional graduate level courses (9 credits) in engineering, mathematical, physical or
biological sciences or business and economics. The student makes these selections with the
documented approval of the department's Graduate Committee, which has the authority to decide
on acceptable courses.

II. Learning Outcomes and Assessment
A. The student will demonstrate the ability to apply graduate-level mathematics to the solution of
engineering problems in at least two of the general areas of solid mechanics, fluid mechanics,

dynamics and heat transfer.

Direct assessment: Student learning relative to this outcome is assessed by the student’s
course grades in: MEEG 610 Intermediate Solid Mechanics; MEEG 620 Intermediate



Dynamics; MEEG 630 Intermediate Fluid Mechanics; MEEG 640 Intermediate Heat
Transfer; and MEEG 690 Intermediate Engineering Mathematics.

Indirect assessment: A current and updated employment listing will serve as indirect
evidence of student attainment of the learning goal.




PH.D. in MECHANICAL ENGINEERING

The Ph.D. program in Mechanical Engineering consists of 33 credits of graduate level course
work plus 9 credits of Doctoral Dissertation. The Ph.D. program is designed to allow for
considerable flexibility in course selection and specialization of study. Course work must be
completed with a cumulative grade point average of 3.0 or higher (see Graduate Catalog for
relevant details). In addition, the student must pass the Qualifying Examination, Candidacy
Examination and fulfill the teaching requirement prior to completing the dissertation
requirements. The Ph.D. should be obtainable in four years of full-time study after entering the
program. There is no foreign language requirement for the Ph.D.

I. Course Requirements

A. At least four courses (12 credits) at the 600 or higher level in Mechanical Engineering
(MEEG)

B. At least three courses (9 credits) at the 800 level.
C. At least one course (3 credits) in mathematics (other than MEEG690).

D. At least three semesters of MEEG 600 Seminar (0 credits). Special arrangements can be made
for part-time students to fulfill this requirement.

E. 9 credits of MEEG 969 Doctoral Dissertation.

An individual course can be used to meet more than one of the requirements A, B or C provided
the total number of credits is at least 33. MEEG 868 cannot be used toward these requirements.

Students will submit a proposed course plan to the Dissertation Committee at the time of their
candidacy exam. Upon approval, it will enter into the candidate's file. Deviations from the
proposed plan must be approved by the Dissertation Committee. A copy of the course plan must
be sent to the University Office of Graduate Studies.

IL. Dissertation Requirements

A dissertation is required which demonstrates the student's ability to conduct independent
research. A Dissertation Committee is selected by the advisor and approved by the Department
Chairperson. This committee will also serve as the student's Candidacy Examination Committee.
At least three Mechanical Engineering Department faculty members and at least one faculty
member from another department will serve on the Dissertation Committee. The Committee will
be chaired by the research advisor, who must be a regular full-time member of the Department of
Mechanical Engineering Faculty. During the course of the research, the student will periodically
review progress with the Committee.

The student must orally present the dissertation before the Dissertation Committee at an open
defense. The student shall supply final draft copies of the dissertation to members of the
Committee at least two weeks before the oral defense. The dissertation must meet the academic
and professional standards set forth by the University.
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1L Qualifying Examination

The purpose of the qualifying examination is to assess the aptitude of a doctoral student in the
early stages of the program. A student must be enrolled in the Ph.D. program, have a minimum
GPA of 3.2 and a minimum of 12 graduate coursework credits to complete the qualifying exam.

The qualifying exam will consist of three parts

a) a research aptitude exam based on the student’s research interest area
b) one math exam (based on the content in MEEG 690)
c) one mechanical engineering topic exam (based on undergraduate-level

mechanical engineering and the content in one of the core courses, MEEG 610,
MEEG 620, MEEG 630, MEEG 640)

Part a) will be offered between the end of the first semester and the end of the second
semester of study and will:

i) Include a 2-3 page report reviewing and summarizing typically 3 or 4 published
peer reviewed journal articles from the literature, in the student’s research
interest area. The journal articles will be selected by the student’s advisor and no
more than one of them shall have been authored by the advisor.

ity Include a 20 minute oral presentation of the above described report, followed by a
period of questioning related to the selected papers.

iii)  Be graded by a committee of at least three faculty members, including the
student’s research advisor and two other faculty members, not advising the
student, appointed by the department chair. The criteria for grading will be
established by the faculty and provided to the student ahead of the exam.

Parts b) and c) will be written exams, offered in early June and must be taken at the first
opportunity after the completion of 12 graduate coursework credits toward the Ph.D.

In judging student performance on this examination, the faculty has three options: (i) outright
passing, (ii) giving a second chance, and (iii) outright failing. If the student is given a second
chance, the faculty will specify the parameters for taking and passing the second chance exam.
These decisions will be made in a faculty meeting held as soon as possible following the grading:
of the exams. There will be no third chance given. A student who ultimately fails the Qualifying
Examination is not eligible to continue in the Ph.D. program, but may apply to change his/her
matriculation to the MSME program.

IV. Candidacy Examination

The Ph.D. Candidacy Examination must be taken within one and a half years of successful
completion of the Qualifying Examination and at least one year prior to the dissertation defense.
The student will prepare a comprehensive, written research proposal and defend it orally before
the Candidacy Examination Committee (the composition of which is specified in II). The
Candidacy Examination is intended to test the student's ability to synthesize knowledge in the
formulation of an independent research proposal. Performance is judged by the Candidacy
Examination Committee, and any additional requirements they wish to impose must be satisfied
before the student is admitted to candidacy. Additional requirements could include, but are not
limited to: taking additional course work, modifying the written research proposal, and defending
the revised proposal before the Candidacy Examination Committee. Satisfactory completion of
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any additional requirements must be approved by the student's Candidacy Examination
Committee.

V. Teaching Requirement

The ability to communicate effectively is an essential skill for all PhD graduates. Therefore, all
PhD students are required to fulfill a teaching requirement, which consists of serving as a
Teaching Assistant (TA) for one or two semesters, depending on the assignment. Students are
expected to continue to be actively involved in their research while serving as a TA.

International graduate students are required to take International Teaching Assistant (ITA)
training through the University's English Language Institute (ELI) prior to their first semester as
a graduate student. Training and assessment are part of the University's requirements for the
proficiency of international TA’s. A final decision on how to resolve any deficiency is made by
the Graduate Program Coordinator in consultation with the student's thesis advisor and the
Department Chair.

Teaching Assistant positions are assigned by the Graduate Curriculum Chair in advance for the
upcoming semester. Students are encouraged to submit their preferences for specific TA
positions early to facilitate the process. Although every effort is made to satisfy these requests,
students should recognize that this might not be possible in all cases. In addition, the educational
needs of the Department may require the Graduate Curriculum Chair to ask students to fill
specific TA positions.

NOTE: Students already enrolled in the Ph.D. program can choose to switch to the new
guidelines, or continue under the current guidelines.

VI. Learning Outcomes and Assessment

A. The student will demonstrate the ability to apply graduate-level mathematics to the solution of
engineering problems in at least two of the general areas of solid mechanics, fluid mechanics,
dynamics and heat transfer.

Direct assessment: Student learning relative to this outcome is assessed by the student’s
performance on the written Ph.D. Qualifying exam.

Indirect assessment: A current and updated employment listing will serve as indirect
evidence of student attainment of the learning goal.

B. The student will demonstrate the ability to conduct, present and defend graduate-level
research including literature review, motivation, methodology utilized, results, unique
contributions, and conclusions generated.

Direct assessment: Student learning relative to this outcome is assessed by the quality of
the written dissertation and performance in the dissertation defense.

Indirect assessment: A current and updated employment listing will serve as indirect
evidence of student attainment of the learning goal.

C. The student will demonstrate the ability to propose and present relevant graduate-level
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research including the description of importance of a problem, a literature review of potential
topics where unique contributions can be made and anticipated methodology.

Direct assessment: Student learning related to this outcome is assessed by performance
on the Candidacy Examination.

Indirect assessment: A current and updated employment listing will serve as indirect
evidence of student attainment of the learning goal.
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