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Abstract

Women in engineering who seek mentoring relationships face a number of special chalenges
and obstacles. Interpersonaly- and inditutiondly-generated gender dynamics make the
congtruction and maintenance of mentoring relationships especidly difficult. Mentoring of both
femae and mae students can be enhanced by recognizing the different cultural styles of women
and men, the needs of women (and many men) for supportive and nurturing relationshipsin the
midst of ahighly competitive educationd sysem. Mentoring strategies that fit more readily
with afemae cultura worldview, according to well-accepted theories on the sociology of
gender, are peer-, multiple- and collective mentorships. Mentoring of women must also
acknowledge the socidly-congtructed dynamics of gender that affect cross-gender relationships
and respond to the specid ways in which women must often baance career and family
relationships. Successful mentoring of women rests on, and can help create, a caring community
in which women (and men) have equa accessto dl educationa resources including those
relevant to their psychosocid aswell astechnica growth and success.

|. Introduction

In 1995, women congtituted 46 % of the U.S. labor force, but only 22 % of the scientists and
engineers.* Male scientists and engineers were more likely than women to earn a higher sdlary,
to be employed full time and to be employed in their field of highest degree®. In 1998, women
graduates of engineering programs represented just 18.6 % of the undergraduate, 20.3 % of the
masters and 12.3 % of the doctoral degreesin the U.S? Mentoring women undergraduate
students may be a promising strategy for improving their presence, retention and advancement in
engineering disciplines. Indeed, quantitative studies on mentor functions and outcomesin
organizations have shown that both formal and informa mentoring relationships are effective in
promoting protégé advancement and compensation.®*

Mentoring is traditiondly a developmenta relationship in which an experienced person provides
support to aless experienced person. In return, the mentor gains persona satisfaction, respect
from colleagues for successfully developing the younger tdent, and in the best case grows
intellectualy aswell. Mentoring has multiple aspects and functions, and has varioudy been
described asfulfilling either or both the technical and psychosocid needs of the less experienced
person. Examples of the technica knowledge-based or career development issuesinclude how to
solve a particular technica problem, continue intellectua growth, gpproach a new internship, job
or course, develop a syllabus or field project, prepare aresearch proposal, balance work
overloads, present an gpped to afaculty member or department chair, ask for an assgnment
change, learn the “unwritten rules’ of the organization (e.g., dress codes, address titles, socid
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styles and norms), etc. Mentors and protégés also may address psychosocia issues such as how
to dedl with difficult peer or faculty relationships or persondity conflicts, balance school, work
and family pressures, respond to sexism and discrimination, establish a sense of competence,
cope with disappointment, find courage, grow as a person, etc. The traditional conception of
mentoring poses accomplishing such objectives within a two- person, mentor- protégé
relationship.®

Il. Relevant socidized gender differences

Socidized gender differences between men and women have significant implications for careers
in engineering. Such differences begin to take shape in differentid child-rearing patterns and are
reinforced in the “hidden curriculum” of dementary and secondary schooling.® Through
schooling, young boys and girls learn different lessons about their competencies, gendered roles
and gyles, and life/career aspirations. Girls are less likely than boys to take advanced science
coursesin school and eventudly are more likdly to rate themselves as less competent and less
interested than boys in fields like engineering.”® These patterns are supported (if not created) by
public pronouncements from as renowned a psychologist as Bruno Bettelheim, who argued that:
“We mugt gart with the redization that, as much as women want to be good scientists and
engineers, they want first and foremost to be womanly companions of men and to be mothers’
(quoted in [6], p. 120).

Asareault of these socidization and early education experiences, young women have been
taught to place greater priority interpersond satisfaction and integration than do men, potentialy
resulting in different career (and life) priorities® Moreover, women more often prioritize
concerns for group affiliation over individud achievement and val ue egditarianism, community,
collaboration and diversity more than their male counterparts* 2 An encapsulation of
socidized gender differences between women and men in our cultureisgivenin Table1. We
readily acknowledge that this rubric does not gpply to everyone; there are important variations
across racia and class groupings, and a bell-curve didribution likdy exiss dlowing sgnificant
individua variation and crossover between socidization patterns.

Table 1. Outcomes of socialized gender patterns on characteristics and goals (from [10]).

Female Male
M ctivation Encouragement Challenge
Group Interaction Integrated Separated
Task Engagement Collaborative Competitive
Vision of Success Group Affiliation Individual Achievement

The differentid socidization of women and men is particularly rlevant to their successin the
sciences and engineering, because women are often less confident in and aienated by the culture
of disciplineswhich do not fit well with their culturd style. That SME education emphasizes
individual competition and offers few opportunities for cooperative and interactive learning, and
thereby can be considered "gendered”, and in particular, to embody amale culturd style, may
contribute to the absence of women in SME disciplines® 14

" Itisworth noting here that the gendered nature of a profession or any organization may beinvisible to both men
and women. Indeed "gender may be deeply hidden in organizational processes and decisions that appear to have
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In a1995 report, the Nationa Research Council Board on Engineering Education emphasized the
importance of creating a positive, supportive climate for engineering sudents as an dternative to
the “boot camp” or “weed out” nature of some engineering programs. In particular, the Council
cites Carmichael and Sevenair™® in recognizing that women and under-represented minority
students “may be even more put off than others by the boot camp atmosphere prevaent in
undergraduate engineering education.” Along smilar lines, Seymour & Hewitt argue that “more
women than men found the one-szefits dl psychology that underwrites the competitive ethos of
SME mgorsdien or offensve’ ([16], p. 121). Adverse reactions to negative pedagogical and
peer group experiences leads to higher “ switch rates’ (rates a which mgorsin SME switch to
other majors) among women students as compared to male students with similar grades*” 18
Anecdota evidence suggests many men find women studentsin engineering “unnaturd” or
unfeminine, margindizing them through the use of pgoratives such as ugly, sexualy deviant or
“too busy to be attractive.”** When these perceptions and related behaviors are acted out in the
classroom, halways and laboratories, and tolerated by student peers, faculty and steff, they are
reinforced in the lives of both men and women.

These barriers and disncentives prevent young women from entering SME fields and contribute
to the "lesky pipeline’ of women in engineering at both the undergraduate and graduate level. '
Thus, one technique for increasing the number of women who enter and stay in engineering isto
cregte a supportive learning environment with gpproachable, accessible faculty and a de-
emphagson “masculinig” organizationd syles, which emphasize hierarchy, individudism and
competition.

[I. Mentoring according to amale cultura style

In the context of the mae-dominated academy, especidly in the sciences and engineering, the
mentoring of both mae and female students generdlly has proceeded on the bass of amade
culturd style. Two mgor components typify this gpproach to mentoring: (1) the priority of
ingrumenta and technica conversation, relationships, and guidance over psychosocia issues,
and (2) the commitment to “the heroic journey” or “the challenge.” Research with young men
and women in science and engineering suggests that men have “a predominantly insrumenta
gpproach to educetion. . .contrasted with an affective orientation among many young women”
([16], p. 464). Thus, the mentoring model that emphasizes technicad and ingrumenta issuesis
well suited to the preponderance of traditiondly-socidized men in these fidds, a the sametime,
it does nat fit wel with the ways in which women were socidized.

The mae socidization metgphor underpinning most traditiona mentoring relationships focuses

on chalenging the protégé and, as Seymour describes, posing tasksin order to increase the
young person’s tolerance to stress, ability to succeed independently*® and potentialy to weed out
those who cannot rise to the challenge. Broome™®' 2° applies the works of Robert Bly and Joseph
Campbell in discussing “the heroic engineer” and “the heroic mentorship.” The hero’sjourney,

in this interpretation, requires separation from dependency — including abandonment by former
helpers, sole engagement in perilous adventure, and triumphant return. As Broome indicates, on

nothing to do with gender" but are " embedded and recreated daily in organizational activities, most of which do not
appear to be gendered” (p. 71, [12]). See[12] for further discussion.
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this journey “the helper abandons the hero, leaving him or her eventudly to day the dragon”
([20], p. 415). The denid of nurturing in the midst of stressful Stuationsis presumed to lead to
hedlthy independence and stlems from traditiona “tests of manhood” present in military and sport
arenas. It dso often leads to the highly competitive situation that Baum?* has called “the boot
camp environment where one' s success comes only at the failure of others.” Reconsdering the
gender patterns outlined in Table 1, this Syle clearly does not fit the socidization and styles of
maost women, in particular their orientations to integration rather than separation, inter-
dependence rather than dependence or independence, and collaborative rather than competitive
task engagement. Perhaps not as obvioudy, it aso does not fit well for many younger men who
are now being socidized in less gender-constricted ways.

[11. Alternative mentoring Strategies

Multiple mentorships

In an dternative mode that can be conceptudized as a Venn diagram of interconnected circles,
multiple mentoring encourages the protégé to construct a mentoring community based on a
diverse st of helpersinstead of relying on asingle mentor. Humphreys®* discusses the
possbilities of “digtributed mentorship”, which includes as mentors both senior and junior
colleagues, people insde as well as outside the academy, and eectronic mediaaswell as
persond connections. Similarly, in a series of pamphlets recently created by the University of
Michigan, mentors are advised “to help students cultivate multiple mentoring relationshipsinsde
and outside the university” ([23] p. 6). A parald pamphlet prepared for potentia protégés,
advises sudents to build “a mentoring team”, and reminds them that “ by having a team of
mentors, you will not be harmed in any way if you work with someone who truly has limited
access to the powerful networks of your discipling” ([24], p. 39).

Gdbraith & Madin-Ostrowski argue for the importance of long-term mentoring of studentsby a
mentoring team. They point out that it is* reasonable to expect that if the mentor team members
are given the respongbility for teaching entry-level required courses, then they may begin to
edtablish areationship with future mentees early in the sudents academic careers. Thiswould
be accomplished in part through active listening and questioning that establishes a psychologica
climate of trust. Thistrugt lays the foundation for a more engaging mentoring relationship.
Without tzr;ls type of connection, the likelihood of a meaningful mentor-mentee experience is
limited.”

Some of these ideas have been tested by Packard,?® who has devised an intervention program
amed at helping protégés assemble a diverse set of mentorsinto a“composite mentor.”
Suggesting that young scholars consider the attractive traits of different role modelsin their
environment, she argues that the composite mentor is especialy promising for women in SME:
because they “sruggle with the lack of mentor imagesin the field... It would help women make
use of the avallable images in their environment,” ([26], p. 5.) including men and people from
different backgrounds. The disadvantage of this gpproach is that the burden of community
building islaid upon the protégé. And finding a diverse set of helpers who meet the various and
changing needs of the protége in anew ingtitution or new career ageisnot atrivid task.
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Peer mentoring
Peer mentoring represents another dternative mentoring Strategy that smultaneoudy builds

community and de-emphasizes seniority and hierarchy. It has dso been held up as a strategy that
“may embody a more feminist congtruct for promoting women in academia’ ([27], p. 94).
Femde friendship circles and study groups may help women SME students learn materid and
support one another while avoiding constant competition or negative interactions with men.
Limbert has described her persona experiencesin a group for academic faculty and staff women
that encourages support “across boundaries and disciplines, ... [and] between disciplines and/or
departments.” ([28], p. 95) In addition to the development of abroad and diverse professiona
community, Limbert promotes the flexibility and informdity of peer mentoring relaionships that
enable women to “drop in and drop out.” More generdly, thisflexibility in time and leve of
commitment directly addresses problems women often experience with the traditional mentoring
modd; that is, unpredictable family and child- care respongbilities and career interruptions.
While peer mentoring strategies are worth further study, Chandler has predicted three main
obstacles to their long-term success which al arise from the abalition of the traditiona hierarchy:
“The competitive position that peers often find themsalvesin, lack of experience, and the
difficulty that may ariseiif their careers|or sudies| advance a different rates’ ([27], p. 95).
Struggle over whose needs are met when is another possible complication in the multiple
mentor/multiple mentee strategy relying on peers.

Coallective mentoring

Collective mentoring is an evolution of the multiple mentor/sngle mentee modd whereby the
entire faculty of a department take responsbility for congructing and maintaining a mentoring
team. Thus, mentoring becomes neither an individua or one-on-one activity, nor one solicited
and designed solely by the protégé. Instead, an entire department or organization must establish
and ensure the effective mentoring and performance of young students. In thisway, senior
faculty and the department itself send the message that their progressis a priority concern and
may create a departmenta climate that overcomes some of the obstacles not only to effective
mentoring of women, but dso to ther effective performance, retention and advancement. As
Seymour and Hewitt argue, an effective program must have a*“ public commitment of senior
adminigtrators and departmenta chairs. Successful programs draw upon the knowledge of senior
women students and female faculty who know how the culture of SM.E. departments work.
They dso employ the help of sympathetic male faculty as a network of mentors from
professonad work settings’ ([16], p. 275).

Tierney & Bensmorf® point out that collective mentoring is aforma and collective
organizationa task, part of the organization’s repongbility to orient and socidize its new
members. As such, “Mentoring need not take place only in asenior faculty member’ s office or
an orientation sesson at the beginning of the school year. The mail room, the faculty lounge, [or
dormitories, cafeterias, sudy rooms] and any number of other inditutiona locations have
potentia for socidizing individuas to the culture of the department and organization.” ([29], p.
56). Transformation that creates more egditarian and caring educationd communities will
benefit men as well as women.
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[11. Creating opportunities for aternative mentoring

Ealy mentoring

Since many of the patterns that channel young women away from exploring careersin science,
math and engineering, or that discourage them from pursuing such paths when they do have an
interest, occur early in their education, mentoring programs must intervene a an early stage. Ina
number of middle and secondary school systems steps now are being undertaken to counter
gender discrimination in math and science curricula and ingruction. The Keysto Empowering
Youth (KEYS) program begun a MIT is one such example° KEY Sis now anationd,
moativationd program for 11 to 13 year old girls that provides them with an opportunity to meet
and interact with women studying and working in science and engineering in one or two-day
programs that focus on hands-on, engineering-oriented activities.

At the University of Michigan, asocia science twigt on thisidea hasled to the development of

the UM-GIRL (Using Math: Girls Investigate Red Life)*! program. Here, middle-school girls
who have an interest in and an aptitude for SMIE learn math and computer skills during a summer
sesson and then conduct gatistica andyses on current socid scientific data sets that investigate
gender issues. These students and their teachers are teamed with female graduate student mentors
who train the girls and assist with the andys's throughout the following year. The content of the
data st isinteresting as well as provocative for the middle schoal girls; the presence of femae
role modelsis especidly advantageous; and the linkage between the teachers and the academic
mentors ensures continuation of the technica and symbolic lessons learned throughout the yeer.

Mentoring &t the college-leve

In the collegiate environment as well, early mentoring and support for women who have an
interest in engineering would be helpful. Student organizations thet recruit from al engineering
disciplines and years are excellent opportunities to initiate peer mentoring. Engineering-only
dormitory suites, organized by the college or university, smilarly foster informa and continua
interactions between senior and underclass women that may lead to mentoring communities.
The impact of these interactions on underclassvomen could be enhanced with forma mentoring
training of the upperclass women in these organizations or dormitory groups. Nationa meetings
of gpecid-interest engineering societies (such as SWE, NSBE, SHPE, etc.) are aso excdllent
opportunities for developing peer communities and mentoring groups. Again, providing senior
members of these organizations with formd training in mentoring as well as media or resources
for continued contact (email listserves or budget for a newdetter) may synergistically enhance
their ability to form and maintain mentoring relationships with other members,

Multiple and collective mentoring of women students in engineering requires the support and
direction of the department or college. Since the multiple mentoring strategy is predominantly
based on the initiative of the mentee, the departmentd requirements are minima. At the leadt,
incoming students should be made aware of the benefits of mentoring and encouraged to seek
out suitable student, faculty or professond mentors.  If possible, students should be given alist
of potentid mentors on and off-campus, and made aware of e-mentoring opportunities (such as
MentorNet, if available). The congtruction of a collective mentoring program further requires
departmental supervison of and commitment to the mentee' s developing mentor-network, and
assessment of and feedback to the mentors themsdlves.
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V. Conclusons

We have argued that mentoring is an important component of efforts to improve the presence,
retention and advancement of women in engineering, and that women students in SME who seek
mentoring relationships face a number of specid chdlenges and obstacles. Some of these
obstacles are generated by men and women's prior socialization, expectations and styles. Some
are generated by peer gender dynamics and by the dynamics of inter-status mentoring across
gender lines. And some are generated and reinforced by the culture, work expectations and
reward systems of the mae-dominated academy. Successful mentoring of women in SME must
recognize the different culturd styles or worldviews of men and women, the diverse needs and
gyles of women from different cultural and class backgrounds, the needs of women (and many
men) for supportive and nurturing relationshipsin the midst of a highly stressful and competitive
profession, and the socialy congtructed and ingtitutionaly supported dynamics of gender
privilege that affect cross-gender relationships. While attention has begun to be paid to the
Specid interpersond sengtivities and tactics that might be important in mentoring women
students, our particular concern is with aternative modes of the mentoring rdaionship itsdf,
especialy ones that originate from and cater to women's culturd styles.
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