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Abstract

Mentor Net (www.Mentor Net.net), the E-Mentoring Network for
Women in Engineering and Science, is a nonprofit organiza-
tion which has created and implemented the organizational,
educational, and technical infrastructures for a large-scale
program to link women studying engineering and related sci-
ences and professionalsworking in industry or government for
structured, supported online mentoring relationships, and re-
lated networking and other learning opportunities. Using the
user-friendly interfaces of the Web and e-
mail, MentorNet has also created back-end
systems to create a dynamic database, in-
ternal and external relationship manage-
ment system, and a customized bi-direc-
tional matching algorithm to create opti-
mal mentoring matches between students
and professionals in the database. In 2001-
02, nearly 3,200 students from more than
100 colleges and universities were matched
with professionals from more than 800 em-
ployers; in addition to institutions of higher
education, corporations, professional soci-
eties, and government sites provide
Mentor Net's programs with financial sup-
port and outreach to participants.
MentorNet is beginning to expand outside
theU.S

I. Introduction

Because communications are an essential aspect of our lives
and work, the emergence of the Internet is creating profound
change and opportunities. AsInternet access hasreached homes,
schools, and workplaces over the last decade, its technologies
have been hailed astools to access information, and in particu-
lar, at least briefly, for the waysin which new opportunitiesfor
commerce can be developed. The Internet has brought an in-
creasing wealth of information available at one’sfingertipsand
the continuing development of sophisticated tools to locate
desired information quickly. It hasal so provided unprecedented
opportunities for customers to reach and be reached by the
sellers of goods and services. Beyond information, and beyond
e-commerce, however, we need to consider how to encourage
the Internet’s potential as positive social technol ogy to devel op.
Social technology hel psto connect peopleto one another, build-
ing relationships and communities independent of physical
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geography, supported by a mix of synchronous and asynchro-
nous communications.

Internet technologies have brought changes to the social inter-
actions which define and support higher education and learn-
ing. Often, however, technol ogies have devel oped as solutions
in search of problems, or in ways which overlook how people
work with Internet mediaand el ectronic communications tech-
nologiesin different ways than they do with other media, or in
face-to-face interaction, or in physical set-
tings. They also may develop in response to
needs and opportunities, but without suffi-
cient understanding of the complex interrela-
tionships of people and community that sup-
port learning.

MentorNet (www.MentorNet.net) devel oped
as one way of addressing a particular set of
problems and solutions, by providing an ar-
ray of activitiesfor online co-curricular sup-
port for women in engineering and science
revolving around building mentoring and
networking rel ationships viael ectronic com-
municationstechnologies. Therelatively low
numbers of women in engineering and rel ated
sciences have been a concern in higher edu-
cation, aswell asin industry, for well over adecade,! and their
under-representation does not reflect lack of talent and ability
[3]. Fewer women enter college with interestsin science, math,
and engineering, and then among those who do begin
postsecondary studiesin these fields, many switch out of these
fields; women who switch to other majorstypically have stron-
ger academic achievement than the men who stay [5]. Because
mentoring isapositiveinfluencein retention of womenin scien-
tific and technical fields, humerous mentoring programs have
been created on college campuses, but available resources have
limited widespread implementation and effectiveness.

1 Although women represent 46 percent of thework forcein the United
States, they are barely 10 percent of the engineers and 30 percent of
scientists in the work force; though more than half the students in
higher educationinthe U.S. are women, women’s enrollmentsin engi-
neering programs nationwide average less than 20 percent, with some
disciplines having even lower percentages. These low numbers sug-
gest that talent is being lost for the technical work force and that
women arelesslikely to beinvolved in many fast-growing, rewarding,
and influential sectors of the economy.
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In 1996, we began planning to create a multi-institutional part-
nership among colleges and universities, corporations, profes-
sional societies, and government to take advantage of Internet
technologies to address the situation. The resulting nonprofit
organization, MentorNet, offersalarge-scale mentoring program
developed to leverage electronic communications technology
to provide links between thousands of women studying engi-
neering and science and professionals working in industry.
Through astructured program offering on-lineinformation, ap-
plications, matching, training, coaching, and evaluation,
MentorNet provides new and more extensive mentoring oppor-
tunities, complementing academic mentoring, and encouraging
retention of women in fieldswhere they have been traditionally
under-represented. Undergraduate and graduate women stu-
dents are paired with more experienced scientific and technical
professionals working in industry or government for one-on-
one e-mail-based mentoring relationships, which last for at least
one academic year.

Although research to understand the full extent of human inter-
actions with electronic communicationsisfairly new, it is evi-
dent from early findings that the Internet represents a social
technology that connects and affiliates people [6,7]. There is
good evidence that successful electronic communications lead
to the devel opment of strong ties among people who have never
met face-to-face. People who don’t know one another often ex-
hibit remarkabl e kindness and hel pfulnessin providing informa-
tion, support, and other assistance online. Electronic communi-
cation is not just an exchange of information, but leads to the
development of virtual relationships and communities.

II. MentorNet — E-mail in Support of Mentoring

To address women'’s under-representation in engineering and
related sciences, particularly in higher education, mentoring has
become recognized as an effective strategy for improving reten-
tion. Students benefit from having experienced mentors who
can help acquaint them with opportunitiesin these fields; offer
guidance and advice based on experience; and provide support,
encouragement, and access to professional networks for future
career development [1]. Mentoring offers personal, one-on-one
attention and assistance in decoding less obvious cultural and
structural elementsof afield.

Structured mentoring programs, which attempt to replicate the
relationshipsand effects of naturally occurring mentoring, have
been created and studied in various work and educational set-
tings. Programs are often created to serve those who are less
likely to beincluded in naturally occurring mentoring relation-
ships, and typically are designed to serve a large number of
protégés, matching them with mentors.A program administrator
who manages the program and regularly communicates with
participants can significantly increase the number of successful
mentoring relationships. Without such ongoing support, even
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though mentors and protégés typically start with the best
ofintentions, many of theserelationshipsarelikely tofail [2,8].

Since the most common reason structured mentoring relation-
shipsfail isthe inability of mentors and their protégés to meet
due to constraints of time and location [8], e-mail in support of
mentoring represents an obvious possible solution. There are
some obvious benefitsto using e-mail for communications be-
tweenindividualsinvolved in amentoring rel ationship. It isuser-
friendly, readily availableand easily accessed for nearly al mem-
bers of most higher education communities and industrial sites.
In addition, e-mail allows individuals to readily communicate
with othersregardless of their location or geographic proximity.
The asynchronous quality of e-mail allows for less disruptive
communications across time zones, and across lifestyle differ-
ences, so that a student can query amentor at 2:00 am., and the
working professional can respond early the next morning, at
times convenient for both individuals.

There are advantages to e-mail for use in mentoring, however,
that are less obvious than those noted above. In contrast to the
more usual face-to-face conversation, e-mail allows mentoring
communication to be thoughtful and deliberate. Mentors or
protégés can take time to compose amessage so that their query
or response reflects just what they want to say. Furthermore, e-
mail provides a record of the communications. A protégé in-
spired by a mentor’s advice can return to it again and again; a
mentor can review aprevious e-mail message sent by a student
to recall an exchange that may have taken place several weeks
previously. The text-based nature of e-mail may also enhance
mentoring communications, despite the inherent limitations of
communication devoid of visual and auditory cues, including
body language, facial expressions, and tone of voice. People
focus attention more on the words in the message than on each
other; they feel more anonymous, but al so | ess concerned about
how they are perceived by others [6], which in the context of
mentoring can help open up honest and candid disclosures of
concerns, questions, and insights.

Electronic communications also attenuate status differences. A
student can easily communicate with ahigh-powered executive
without being intimidated by direct confrontation and remind-
ers of status differences, such as age, style of dress, office fur-
nishings, security, and/or support staff screening. Knowing that
initiating communication will not beinterruptive also helpsease
hesitation about approaching an individual of higher status.

The one-on-one communication helps to build relationships
between individuals and gives those who otherwise are often
on the margins of mainstream groups more opportunitiesto par-
ticipatefully in conversational exchanges. For example, when a
student is just one of a handful of women in an engineering or
physics classroom, as frequently happens, she may feel iso-
lated from her peers and may be less likely than her male
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classmates to participate fully in discussions and exchanges.
With e-mail, all students have an equal opportunity to partici-
pate.

III. MentorNet—
Program Organization as "Partnership”

MentorNet wasinitially envisioned and intentionally devel oped
as“partnership” or collaboration among an ever-increasing num-
ber of collegesand universities, corporations, government sites,
and professional societiesal interested in enhancing the reten-
tion of women in engineering and science, each contributing
students or mentors to the program and supporting its educa-
tional and technical infrastructure financially. The centralized
infrastructure created providesinformation, matching, training,
coaching, and evaluation for the student and mentor partici-
pants, aswell asinformation and reports for the organizational
partners. Thisarrangement offers several benefits over programs
created for one organization: a scale which provides deeper,
richer pools of mentors and students, creating better matches;
the opportunity to transcend the limited spheres of influence
and acquaintance of any single organization in including pro-
gram participants; and the opportunity to achieve cost-efficien-
ciesthrough economies of scalein program administration.

Approaching its sixth year of operations in the fall of 2002,
MentorNet's partners include more than 100 organizations —
colleges and universities, corporations, government agencies
and national laboratories, and professional societies. These or-
ganizationsare critical to MentorNet's success and partner with
MentorNet in many ways: providing financial support, mentor
and student recruiting support, programmatic advice, and stake-
holder accountability. The number of organizations involved
has grown substantially each year since the program’s incep-
tion (Table 1). This growth has been possiblein part because of
the base of support provided by the collaborations and partner-
shipsit has devel oped and the design, assessment and improve-
ment of its mentoring program.

Building such alarge collaborative effort has not been accom-
plished without challenges. Participationinamulti-institutional

program isadifferent experience for many administrators more
used to competing than collaborating with peer institutions.
Universitieswhich have experimented with developing their own
mentoring programs are often grateful to support a program
which can eliminate time-consuming administration at their own
site. Yet outsourcing a student service to a nonprofit organiza-
tion is a new experience for some, and it can take time for a
trusting relationship to develop. The economic downturn of
2000, extending into 2001 and beyond, has also reduced many
organizations' resources, and in some cases, their interest in
supporting a program which may assist long-term recruitment
goals.

IV. MentorNet — Evaluation:
Participant Satisfaction and
Electronic Communications

In the spring of 2000, Ithaca Evaluation Group queried 1,089
students and their mentors in a year-end survey of the 1999-
2000 MentorNet program. Overall response rateswere 50.2 per-
cent for protégés, and 46.3 percent for mentors; for the sample
of 200 pairs particularly targeted for reminders and analysis,
response rates were 57.5 percent for protégés and 56.1 percent
of mentors. Students continued to report high satisfaction with
one-on-one e-mentoring (response average 3.95 out of a pos-
sible5), while 84 percent said they would recommend MentorNet
toafriend.

The el ectronic communi cations technol ogy supporting the pro-
gram was an important aspect of MentorNet for many partici-
pants. Among students, 74 percent indicated that one reason
they wanted to participatein MentorNet was because they were
interested in being mentored by someone from industry; while
some industrial mentoring programs are available to students,
such opportunities are considerably more limited. Among men-
tors, 93 percent felt it was particularly important for studentsto
hear from someone in industry. In addition, 66 percent of stu-
dents, and 69 percent of mentors indicated they signed up be-
cause"e-mail isaconvenient way for meto communicate,” while
49 percent of students signed up because they could participate
without having to schedul e face-to-face meetingswith amentor.

Table 1. MentorNet Growth.

Year 1

98-99
SudentsMatched o
MentorsMatched o
Participating Campuses 15
Sponsoring Or ganizations 2
CompaniesRepresented by Mentors °¢]
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Actual Projected
Year 2 Year 3 Year 4 Year 5 Year 6
99-00 00-01 01-02 02-03 03-04
515 1250 2,000 3191 4,000
515 1214 1913 2953 4,000
Y] 3] 71 116 &
9 7 43 70 100
261 588 620 1,000

151



e-Technologies in Engineering Education Learning Outcomes Providing Future Possibilities

The year-end evaluations have also consistently showed that
the e-mentoring format offers a successful way to establish a
mentoring relationship. Both the mentors and the protégés feel
very comfortable asking questions of and answering questions
from their e-mentoring partners. They comment favorably on
the quality of the e-mentoring partnership into which they were
matched.

Topics discussed by more than 75 percent of participants in-
clude students' and mentors backgrounds, the mentor’s job,
collegelife, and the student’s career plans. Students particularly
notetheimpartial quality of their mentors, appreciating that their
mentors offer an objective sounding board, uncomplicated by
passing judgment on the student’s performance, decisions,
motivations, or other factors. They also comment on the value
of having a personal relationship and encouragement from a
mentor with whom they can discuss school matters and course
work, workplace skills, job hunting, future plans, and careers.
Students repeatedly report that their own self-confidence in-
creased asaresult of communicationswith their mentor.Thisis
an important outcome of the MentorNet program since low self-
confidence consistently has been identified as one of the key
factorsthat contribute to women’s exodus from engineering and
other scientificfields.

Highlights of findingsfrom regular annual evaluationsinclude
improved self-confidence — 50% of student participants said
MentorNet increased their confidence to succeed in science or
engineering and 52% said MentorNet increased their desire to
pursue a career in their field; increased interest in industry ca-
reers — 52% of student participants said participating in
MentorNet increased their desire to work in industry or a gov-
ernment lab or agency, and enriching educational and personal
experience — 92% of student participants would recommend
MentorNet to afriend and 64% were satisfied or very satisfied
with their MentorNet experience. Additional evaluation find-
ings and detailed reports can be found on the Web site at <http:/
/mww.mentornet.net/Documents/Program/Results/Eval uation/>.

V. Conclusion

Electronic communications offer aninnovative, and potentially
powerful medium for mentoring, an ancient mechanismfor help-
ing those less experienced gain information and support to
progress and achievelong-term goals. Though remaining ques-
tions abound — Does el ectroni ¢ mentoring support certain kinds
of individuals better than others? What kind of training allows
participants to be as effective as possible? How can mentors be
prompted to externalize and communicate the tacit behaviors of
aprofession or discipline, an understanding of which will help
protégés more successfully navigate professional opportuni-
ties and development? What are the short-term and long-term
effects of electronic mentoring, and how do they compare to
effects of face-to-face mentoring? What are appropriate expec-
tations and measures for outcomes? Can electronic mentoring
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programs prove cost-efficient enough to be sustainable once
the novelty wears off?—it is still apparent that use of electronic
communications to support mentoring offers many opportuni-
tiesto extend mentoring and its benefits to those for whomiitis
currently not available, as well as arich field for developing
further research and understanding. MentorNet offersan inter-
esting test-bed for exploring many of these questions and op-
portunities.

The Internet as social technology can be deliberately devel-
oped to enhance education or other social benefitsfor apopula-
tion with access to the technologies. Electronic communica-
tions have qualities that may enable the devel opment of certain
kinds of relationships, as well as representing a convenient
means of communication acrosstime and distance. Intheways
inwhich teaching islike mentoring, some of these findings may
be helpful in other higher education settings.

Acknowledgments

MentorNet, headquartered at San José State University in San
José, CA (USA), isanonprofit 501(c)(3) organization working to
further women’s progress in scientific and technical fields
through the use of a dynamic, technol ogy-supported mentoring
program. MentorNet aimsto advance women and society, and
enhance engineering and related sciences, by promoting a di-
versified, expanded and talented workforce. In partnership with
colleges and universities, corporations, government labs and
agencies and professional societies, MentorNet isinternational
in scope, serving studentsfrom all over theworld. Major fund-
ing isprovided by Atlantic Philanthropies, the National Science
Foundation, the U.S. Department of Education (FIPSE), AT& T
Foundation, Alcoa Foundation, Intel Foundation, IBM, and the
U.S. Department of Transportation.

This material is based in part upon work supported by the Na-
tional Science Foundation under Grant No. HRD0001388. Any
opinions, findings, and conclusions or recommendations ex-
pressed in this material are those of the author and do not nec-
essarily reflect the views of the National Science Foundation.

References
[1] Association for Women in Science (AWIS). A Hand Up:
Women mentoring women in science. Washington, DC
(1993).
[2] Boyle, P. and Boice, R. Systematic mentoring for new fac-
ulty teachers and graduate teaching assistants. Innovative
Higher Education 22:157-179 (1998).

[3] Brush, S. G. (1991). Women in science and engineering.
American Scientist 79:404-419.

152



e-Technologies in Engineering Education Learning Outcomes Providing Future Possibilities

[4] IthacaEva uation Group, “MentorNet 1999-2000 Evaluation
Report,” <http://www.mentornet.net/Documents/Program/
Results/Evaluation/> (2001).

[5] Seymour, E., and N. M. Hewitt. Talking about Leaving:
Why Undergraduates Leave the Sciences. Westview Press,
Boulder, Colorado (1997).

[6] Sproull,L.andS. Kiesler. Connections. New ways of work-
ing in the networked organization. MIT Press, Cambridge,
MA (1991)

[7] Winter, D. and C.W. Huff. Adapting the Internet: Comments
from awomen-only electronic forum. American Sociologist
27:30-54(1996).

[8] Wunsch, M. A. Developing mentoring programs. Major
themesand issues. New Directionsfor Teaching and Learn-
ing57:27-34 (1994).

Proceedings of the 2002 eTEE Conference 11-16 August 2002 Davos, Switzerland

Author’s Biography

Carol B. Muller isfounder, president and CEO of MentorNet
(www.MentorNet.net), a nonprofit organization based at San
José State University; and consulting associate professor of
mechanical engineering at Stanford University. An educator and
social entrepreneur, she has spent 25 yearsin higher education,
including work in academic administration; strategic planning
and budget devel opment; external relations; faculty recruitment;
admissions; educational program development, implementation,
and evaluation; and facilities program planning and develop-
ment. A longstanding interest in gender equity in education and
employment, coupled with professional work in engineering and
science education beginning in 1987, supports her extensive
experience in developing new initiatives to tap the women's
talentsin scientific and technical pursuits. Dr. Muller hasauthored
numerous papers, is frequently an invited speaker, and has re-
ceived grants for her work from private foundations, corpora-
tions, and the federal government. A.B., 1977, Dartmouth Col-
lege; A.M. 1981, Ph.D. 1985, Stanford University; Management
Development Program, 1990, Harvard University.

153



