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‘technical’ space where ‘social’ or ‘political’ issues such 
as inequality are tangential to engineers’ work” (Cech 
2013). The authors’ conversations with these two students 
demonstrate how undergraduate research projects can 
have a profound effect not only on the institution—helping 
it become more responsive to the needs of its expanding 
transgender student population—but also on the students 
themselves, empowering them with feelings of autonomy, 
competence, and purpose, and helping them set a life 
course that effectively combines their personal passions 
and their academic goals.
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Rochester Institute of Technology (RIT) in Rochester, 
NY, which is home to the National Technical Institute 
for the Deaf (NTID), has actively engaged in enhancing 
the educational experience of underrepresented students, 
including those who are deaf/hard-of-hearing (D/HH), 
through involvement in unique undergraduate research 
experiences. These experiences focus on translating infor-
mation learned in the classroom to systems that could be 
encountered in the real world. Many students from under-
represented minority and D/HH groups often do not know 
where to go to engage in research activities. Professors 
may not seem relatable to diverse students, which may 
deter some students from pursuing collaborative activi-
ties such as research. To address such matters and break 
down barriers that cause students to feel isolated, faculty 
members have actively recruited students from underrep-
resented and D/HH communities into their labs to intro-
duce them to research that may have seemed out of reach. 
Painting a picture of possibilities entices students from 
diverse communities to imagine themselves as researchers.

RIT/NTID has a lively undergraduate research environ-
ment that is driven by the faculty and supported by the 
administration. It boasts large, annual symposia where 
undergraduates can showcase the fruits of their research 
(including one specifically for students who are D/HH). In 
addition to institute funds for student researcher stipends, 
supplies, and conference travel, RIT/NTID has active 

grants from the National Institutes of Health, National 
Science Foundation, Howard Hughes Medical Institute, 
and Camille & Henry Dreyfus Foundation that support 
students from minority and D/HH communities in research 
projects. These mechanisms have helped these groups 
make tremendous strides in boosting their self-confidence, 
feel a sense of community, increase the likelihood that 
they pursue graduate degrees, and assist them in becoming 
more encultured into their professional fields.

It is important to get to know the students as well as 
strategically coach and mentor them while teaching them 
the steps in the conduct of research. Designing projects 
that have achievable checkpoints helps students progress 
through the research and helps to prevent frustration, con-
fusion regarding the direction of the project, or withdrawal 
from the activity. A good general resource for encourag-
ing underrepresented students into undergraduate research 
was edited by Boyd and Wesemann (2009), and some best 
practices for involving students who are D/HH in research 
can be found in the articles by Pagano, Ross, and Smith 
(2015) and Smith, Ross, and Pagano (2016). Through per-
severance and continued encouragement from the faculty 
mentor, students often achieve a level of success where the 
work they complete is featured in a publication or confer-
ence presentation. This reward leads students to engage on 
a deeper level and ask questions pertaining to achieving 
success in graduate school—which helps to combat the 
“leaking pipeline” for these groups of students in obtaining 
graduate degrees and entering quality careers. In effect, 
students who do participate in research programs like the 
RIT/NTID effort and obtain higher degrees or exciting jobs 
encourage other underrepresented students to engage in 
research activities—bringing the initiative full circle. 
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to the VIP project are the following: if all faculty advisers 
are from one discipline, the Shannon index would be zero. 
If there are no faculty advisers in the same discipline, the 
diversity index would be the maximum.

Comparing each semester from spring 2015 to spring 
2017, the diversity index for measuring the range of dis-
ciplines for faculty advisers has increased from 0.24 to 
0.65. Regarding the diversity in the levels of participating 
students each semester, the number of first-year through 
fourth-year students was counted, and the Shannon diver-
sity index measure was applied. The diversity for par-
ticipating students’ year levels has increased from 0.30 
to 0.54. However, the diversity for participating students’ 
disciplines has seen a minimal increase from 0.55 to 0.56.

The students acquired the following top-four soft skills: 
understanding of contemporary technology, understand-
ing of engineering design, working in a multidisciplinary 
team, and acquiring a sense of personal responsibility. In 
assessing acclimatization to the research environment, 
two indexes were devised to reflect student experiences: 
a fun index and a pain index that sought to measure the 
students’ level of joy and frustration, respectively. In 
spring 2015 and spring 2017 semesters, according to sur-
vey, the students’ joy and confusion gradually increased 
together until the middle of the semester, from which the 
two curves started to depart, fun-index increasing and 
pain-index decreasing.

In sum, diversification has gradually increased over the 
period for multidisciplinary faculty and student participa-
tion as well as for multilevel student participation. The 
participants have gained soft skills as well and have been 
gradually acclimated to the real research environment. 
Implementing the VIP framework at Howard University 
has brought a unique opportunity for underrepresented 
students to acquire practical experiences and skill sets 
that encourage them to remain in their respective disci-
plines and graduate, thus leading to increased employment 
opportunities for the students and workplace diversifica-
tion for the nation.
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As a mechanism for multidisciplinary undergraduate edu-
cation, Howard University has experimented with a frame-
work for faculty-student research projects. The university 
is a culturally diverse, comprehensive, research intensive, 
and historically black private university. Its enrollment (as 
of fall 2013) counts 10,002, composed of undergraduate 
students (6,688) graduate students (1,837), and first-year 
professionals (1,477). The number of undergraduates in the 
College of Engineering and Architecture amounts to 612, 
with an ethnicity breakdown of 83.8 percent black or Afri-
can American students, 12.5 percent nonresident aliens, 1.1 
percent Asians, and 1 percent whites and/or Latinos.

The framework is called a Vertically Integrated Project 
(VIP), a model adopted by a consortium of 24 institutions 
formed in 2015 and funded by the Helmsley Charitable 
Trust Foundation, which fosters long-term research-based 
team projects for undergraduate and graduate students 
in any discipline. Howard University is a member of the 
consortium. In a VIP team, vertical mentorship is natu-
rally practiced from the professor to the undergraduate and 
graduate students. The team project experience particular-
ly for first- and second-year students provides them with a 
sense of belonging to their discipline and thus encourages 
them to remain in their discipline. In the VIP framework, 
an undergraduate student may join a VIP project in lieu of 
a course in the degree curriculum or join without course 
credit to earn experience. The long-term participation pro-
vides the students with enough time to master technical 
and “soft” skill sets as well as the research environment.

In the experimentation period, the following areas were 
targeted: (1) a minimum of one professor per discipline in 
engineering who forms and continues to supervise a team; 
(2) an equal number of student participants from first year 
to fourth year; and (3) an equal number of student partici-
pants from each discipline. Survey results revealed that, 
from the VIP launch in spring 2015 to spring 2017, the 
number of VIP teams increased from 5 to 11, the number 
of professors rose from 4 to 8, the number of faculty dis-
ciplines increased from 2 to 5, and the number of under-
graduate students grew from 28 to 51.

In assessing the target items, Shannon’s diversity index 
was adopted (named for mathematician Claude Shannon; 
see “Student Handout 1-A” n.d.). A diversity index is a 
mathematical measure that has been used for determining 
species diversity in a given ecological system or com-
munity. Shannon’s diversity index is expressed by a sum 
of product of two terms for all the types in a system. The 
first term is the proportion of the number of individuals per 
type (“abundance”) and the second (the logarithm of the 
abundance), and the result is the measure of the diversity 
of the system. The more unequal are the abundances of the 
types, the smaller is the corresponding Shannon diversity 
index. Examples of applying the Shannon diversity index 


