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While the biological sciences have achieved gender parity in the undergraduate and
graduate career stages, this is not the case at the faculty level. The WEBS (Women
Evolving the Biological Sciences) symposia go beyond traditional scientific training and
professional development to address factors critical to women'’s persistence in faculty
careers: community and empowerment. Through a series of panel discussions, personal
reflections and skills workshops, WEBS creates a community-based professional
development experience and a space for participants to grapple with central issues
affecting their scientific careers. Longitudinal qualitative survey data suggest that
WEBS bolsters the participants’ confidence and empowerment, in addition to providing
concrete skills for addressing a range of issues necessary to navigating scientific careers,
leading to increased career satisfaction and career self-efficacy (i.e., the belief in one’s
capacity to pursue their chosen career). These results highlight the importance and need
for programs and opportunities for women in STEM that go beyond training in scientific
skills and traditional professional development to include those that create a sense of
community and empowerment.

Keywords: female faculty, persistence, professional development, mentoring, networking, women in STEM,
community, empowerment

INTRODUCTION

Diversity within the fields of ecology and evolutionary biology remains relatively low. For example,
the membership of the Ecological Society of America remains disproportionately composed for
white males; from 1979 to 2012 the percentage of women increased from 23 to 37%, and the
percentage of underrepresented minorities, including Hispanic American, African American, and
Native American increased from 4 to 9% (Beck et al., 2014). Diversity is similarly low in fisheries
and natural resource management (Kern et al., 2015; Arismendi and Penaluna, 2016).

Numerous studies explore why women not only comprise a smaller proportion of the field, but
also have higher attrition rates than men in science, technology, engineering, and mathematics
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(STEM) as they advance through their academic careers (Xie and
Shauman, 2006; Martinez et al., 2007; Blau et al., 2010; Feeney and
Bernal, 2010; Goulden et al., 2011; Glass et al., 2013; Arismendi
and Penaluna, 2016). These losses of talented individuals from
academic “pipeline;” better termed the career development
pathways (Cannady et al., 2014; Gibbs and Marsteller, 2016;
Metcalf, 2016), occur even in fields where women are well
represented in the student ranks. Biology, for example, loses
women at every stage of tenure track careers, particularly during
the transition from graduate student and postdoctoral scholar to
faculty (Martinez et al., 2007; National Science Foundation, 2012;
nsf.gov—Science and Engineering Degrees, by Race/Ethnicity of
Recipients: 2002-12—NCSES—US National Science Foundation
(NSF; Shaw and Stanton, 2012).

The postdoctoral career stage is underserved in the academy
in terms of professional development support and access to
networking opportunities (although the NSF now requires a
Mentoring Plan) (Greenwald and Banaji, 1995; Beverly, 2007;
Committee on Maximizing the Potential of Women in Academic
Science Engineering et al., 2007). A career management plan
and gaining leadership, time management, and other professional
skills improve the likelihood of success and persistence in
academic careers. Furthermore, research shows that faculty
who receive regular mentoring are better prepared to navigate
organizational structures and the requirements for tenure and
thus, are more likely to enjoy success in their academic pursuits
(Tenenbaum et al.,, 2001; de Janasz and Sullivan, 2004; Blau
et al., 2010; Reybold et al, 2012). Numerous studies have
shown that women receive less mentoring and have a more
difficult time being selected as mentees than males, especially
in male-dominated fields (Baugh and Scandura, 1999; Feeney
and Bernal, 2010; Moody, 2012). Moreover, women often must
seek formal mentors because they are not tapped as informal
mentees (de Janasz and Sullivan, 2004). While more and
more campuses and professional societies are implementing
professional development programing for early-career faculty,
the scientific community must do more to support the career
advancement and success of women in STEM, particularly
at this post-Ph.D. career phase when the individual and the
community has already invested so much in the scientific skill
set of this population. Further while there are many efforts to
recruit faculty from underrepresented groups, fewer initiatives
focus on ensuring that diverse faculty members thrive and
are promoted and retained in academia (Misra and Lundquist,
2015). The WEBS symposia are one way to meet this need
and were developed to provide early career female biologists
with increased access to career development, mentoring, and
networking opportunities that provide the participants with a
sense of community and empowerment, and thus to maximize
their career success (Katz, 2008).

WEBS: WOMEN EVOLVING BIOLOGICAL
SCIENCES

WEBS is a 4-day symposium for early career women in
ecology and evolutionary biology and was originally funded

by the National Science Foundation’s ADVANCE program.
From 2007 to 2013, five WEBS symposia took place, serving
142 participants from nearly 100 U.S.-based institutions. The
WEBS symposia focus on the critical transition from graduate
studies and postdoctoral positions to permanent research and
teaching positions. Table 1 shows the demographics of the
WEBS applicant pool from 2007 and 2008, which reflect the
low racial and ethnic diversity in the fields of ecology and
evolutionary biology (Beck et al, 2014). Preference is given
to promising biologists considered at risk of leaving academia
due to lack of mentoring, career support, career satisfaction,
and peer networks, and to applicants from underrepresented
groups. WEBS thus targets a subset of high-potential, early career
female scientists who are primed for professional development
opportunities.

The WEBS program has four distinctive elements that help
create a counterspace, a setting that promotes positive self-
concepts among individuals from underrepresented groups
(Solorzano, 1998; Case and Hunter, 2012). A counterspace can
offer an opportunity for women to “combine their racial and
gender identities with their science identities..... [so they can
participate] comfortably, without compromising valued parts of
themselves, without being seen as outsiders” (Johnson et al,
2011). Four elements of WEBS are central to the creation
of such a counterspace and its transformative impact on
participants: (1) strictly confidential discussions; (2) common
social identity among participants (i.e., career stage and gender);
(3) sharing perspectives and strategies across career stages; and
(4) establishing a national network and peer cohort of female
biologists. First, confidentiality and trust are central tenets of
WEBS. Participants and senior scientists are required to attend
the symposium in its entirety to facilitate community building
and trust. Creating a space to freely share fears, concerns, and
anecdotes allows participants to grapple with professional issues
that have no other outlet (Johnson et al., 2011). Second, the
shared female identity at WEBS allows for open conversations
about science, career aspirations, career strategies, concerns,
and being women in biology that are seldom found in other
settings. While many career management issues may seem
gender neutral on the surface, gendered expectations can play
a role in an individual’s experience (Chafetz and Valian, 1999;
Etzkowitz, 2000; Xie and Shauman, 2003). These elements allow
the exchange of personal stories and a powerful community
experience. Third, cross-career-stage personal narratives are
central to the WEBS model. Participating in WEBS provides
an outlet to recognize how gender and gendered expectations
impact career issues, hear multiple perspectives of how the senior
female scientists who serve as symposium panelists address
these issues, and confirm that one’s experience is not entirely
unique. The WEBS symposium places advice and tips within
the context of personal narratives and individual reflections—
in contrast to more traditional professional development
approaches common across universities to provide new faculty
support—because narrative interventions have proven successful
in improving the experience and performance of individuals
from underrepresented groups (Steele, 2010). Spending 4 days
engaged with personal and professional stories from people who
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TABLE 1 | Demographics of the 2007 and 2008 combined applicant pools for WEBS.

Participants (n = 55) Non-Particpants (n = 53) Full Sample (n = 108)

3
<
S
<
3
N

African American/Black 0 0.00% 0 0.00% 0 0.00%
Asian Indian (Indian Subcontinent) 1 1.80% 1 1.90% 2 1.90%
Asian (e.g., Chinese, Filipino, Japanese) 3 5.50% 3 5.70% 6 5.60%
Pacific Islander 0 0.00% 0 0.00% 0 0.00%
Native American/Alaska Native 1 1.80% 0 0.00% 1 0.90%
White/Caucasian 50 90.90% 50 94.30% 100 92.60%
Other 4 7.30% 1 1.90% 5 4.60%
Missing 0 0.00% 0 0.00% 0 0.00%
ETHNICITY
Hispanic 7 12.70% 3 5.70% 10 9.30%
Not Hispanic 48 87.30% 50 94.30% 98 90.70%
MARITALSTATUS
Single 14 25.50% 19 35.80% 33 30.60%
Married 34 61.80% 27 50.90% 61 56.50%
Partnered 4 7.30% 6 11.30% 10 9.30%
Divorced/Separated 3 5.50% 1 1.90% 4 3.70%
Widowed 0 0.00% 0 0.00% 0 0.00%
PARENTALSTATUS
Has children 23 41.80% 10 18.90% 33 30.60%
Does not have children 32 58.20% 43 81.10% 75 69.40%
DISABILITYSTATUS
Has disability 0 0.00% 1 1.90% 1 0.90%
Does not have disability 55 100.00% 52 98.10% 107 99.10%
CURRENTPOSITION
Research Technician 0 0.00% 0 0.00% 0 0.00%
Lab Manager 0 0.00% 0 0.00% 0 0.00%
Postdoctoral Researcher 27 49.10% 35 66.00% 62 57.40%
Research Scientist/Staff Scientist 1 1.80% 5 9.40% 6 5.60%
Lead Research Scientist/Staff Scientist 0 0.00% 0 0.00% 0 0.00%
Lecturer 2 3.60% 2 3.80% 4 3.70%
Assistant Research Professor 1 1.80% 1 1.90% 2 1.90%
Associate Research Professor 0 0.00% 0 0.00% 0 0.00%
Research Professor 0 0.00% 0 0.00% 0 0.00%
Assistant Professor (tenure track) 19 34.50% 12 22.60% 31 28.70%
Associate Professor 0 0.00% 0 0.00% 0 0.00%
Full Professor with tenure 0 0.00% 0 0.00% 0 0.00%
Head/Chair of Department 0 0.00% 0 0.00% 0 0.00%
Other 7 12.70% 1 1.90% 8 7.40%
TYPEOF INSTITUTION OF CURRENT EMPLOYMENT
Biotechnology Company 0 0.00% 0 0.00% 0 0.00%
College 5 9.10% 3 5.70% 8 7.40%
Consulting Company 0 0.00% 0 0.00% 0 0.00%
Engineering Company 0 0.00% 0 0.00% 0 0.00%
Government Institution/Agency 3 5.50% 4 7.50% 7 6.50%
Publishing Company 0 0.00% 0 0.00% 0 0.00%
Non[governmental Organization (NGO) 1 1.80% 1 1.90% 2 1.90%
Research Institution 2 3.60% 7 13.20% 9 8.30%
University 44 80.00% 40 75.50% 84 77.80%
Not currently employed 0 0.00% 0 0.00% 0 0.00%
Other 6 10.90% 1 1.90% 7 6.50%
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share a common social identity allows participants to reshape
their own personal narratives, feel empowered, and confident
in their career decisions, and identify with successful senior
scientists and with one another. Finally, WEBS addresses both
career-stage and social identity isolation through establishing
opportunities for ongoing peer networking and mentoring
after the symposia (Thomas et al, 2015). A cohort of peer
scientists becomes more and more rare as one advances up
through the ranks of academia. The WEBS model fosters
both within and cross-cohort community and networks to
counter isolation and increase sense of belonging to the
field.

These program elements are woven into a format of panel
discussions with senior female scientists, personal reflections,
and interactive skill-development workshops to create a
community-centric professional development experience. This
integrated approach provides participants with perspectives on
how to navigate their career in academic science. By juxtaposing
skills acquisition, discussion of central career issues, and a broad
definition of a productive scientist, participants leave WEBS able
to successfully implement the skills and concepts when they
return back to the hectic pace of life at their home institutions.
The common problem of being inspired by a professional
development workshop only to return to one’s pre-workshop life
without implementing new skills is overcome through follow-up
emails from the WEBS team to the WEBS community listserv
and personal “letters to self” and symposium-generated list of
tips and tools that are mailed to participants in the months
following their symposium experience. In addition, and perhaps
most importantly, the symposium tone and structure foster
strong connections among participants and panelists, and these
personal connections allow for accelerated implementation of
skills and concepts to participants’ professional lives. WEBS
participants continue to connect with one another long after
their involvement in the symposium experience though the
listserv and informal gatherings at annual meetings such as
those of the Ecological Society of American and the Society of
Evolution.

ASSESSING THE IMPACT OF WEBS

Here we highlight the importance of programs for women
in STEM that go beyond training in scientific skills and
traditional professional development to include approaches
and opportunities that create a sense of community and
empowerment for women and other underrepresented groups
in STEM. We use data collected from evaluation surveys
to assess the longitudinal impact of the WEBS symposium
on the participants (see Supplementary Material for WEBS
Application). We administered surveys at the time of application,
and 6-months and 18-months after the symposium. Numerous
studies have found evidence supporting the use of self-reported
metrics (Hough et al., 1990; Agho et al., 1992). Within the context
of evaluating WEBS, self-reported metrics are both justifiable and
necessary to assess constructs that are self-referential respondent
perceptions such as job satisfaction and career self-efficacy (the

“belief one has in being able to execute a specific task successfully”
(Bandura, 1986). However, as this discussion relies on self-
reported metrics, there is a possibility of social desirability bias
impacting our results.

Fifty-two participants responded to the surveys from the 2007
and 2008 participant cohorts. Due to our participant selection
criteria, non-accepted applicants are not an ideal comparison
group, and we were unable to follow-up with the non-
participants due to funding constraints. The surveys measured
self-reported skill development, mentoring relationships,
networking activity, and career satisfaction and progression.
The surveys contained several open-ended questions, asking
respondents to describe both their current career trajectories and
the impact of the symposium on their careers. Most responses
were long and detailed, explaining the transformative impact
of WEBS on their career skills, satisfaction, and their overall
career perspectives. Thus, the WEBS surveys are a rich source
of qualitative data about the experiences of pre-tenure track
female faculty and postdoctoral scientists and the processes
they undergo in the decision to pursue an academic path. These
qualitative data were analyzed using a priori coding based on the
program’s goals while also allowing for emergent coding (Strauss,
1987; Strauss and Corbin, 1998). We used a grounded theory
approach of open coding to identify new concepts through
the participants’ narratives (Strauss, 1987; Strauss and Corbin,
1998). Coding was performed in an iterative fashion as follows:
every code uncovered in the analysis was at first considered
provisional until it was found to be repeatedly present in the
survey responses. In later iterations, codes were grouped into
categories; these categories were carefully defined in regards
to their relationship to the evolving WEBS theory of change.
Categories were compared, to ensure precision (grouping
of like and only like phenomena) and consistency (always
grouping like with like). Theoretical memos were developed
throughout the coding process to assist in integration of the
overall analysis. Emergent categories from this coding included
job change expectations, career progression, and empowerment
and self-efficacy.

Here we highlight self-reported data from WEBS participants
that describes the program’s impact with representative responses
from the follow-up surveys administered after the 2007 and 2008
WEBS symposia. Quotations were selected based to represent
overall trends found in the data, providing an opportunity to
present the impact of the program in the participants’ own words.
This is a widely used method for describing trends in the data
(Sandelowski, 1994; Corden and Sainsbury, 2006). The 2007
cohort was comprised of 30 participants; of these, 28 responded
to each of the follow-up surveys and 26 individuals responded
to both follow-up surveys. The 2008 cohort was comprised
of 28 individuals; of these, 26 responded to the first follow-
up survey, 24 responded to the second follow-up survey, and
22 responded to both follow-up surveys. Thus, the response
rate ranged from of 64 to 93% depending on cohort and time
point with all of the participants, in both cohorts, responding
to at least one follow-up survey. None of the survey indicators
predicted future survey response likelihood (i.e., no individual-
level characteristics as measured on the surveys were associated
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with whether an individual completed to the follow-up surveys);
thus, the two follow-up samples are representative of the original
group. The qualitative data from these responses allow us to
use the participants’ own words to capture the transformative
impact of WEBS. The WEBS content and program did not
differ substantially between the 2007 and 2008 cohorts, and no
significant differences between the cohorts emerged from the
survey data; thus these cohorts are treated as one group.

WEBS PROGRAM FRAMEWORK

Career behavior is a result of interactions among self-efficacy,
outcome expectations, and goals (Lent et al., 1994). The WEBS
symposium creates a space for participants to feel empowered
and increase their confidence in pursuing their chosen career (i.e.,
career self-efficacy Bandura, 1986), better estimate what course
of actions they need to take to achieve their intended career
outcomes (i.e., career outcome expectations, Bandura, 1997),
and take measures to implement the skills and activities needed
to achieve their career goals. The WEBS program framework
(Figure 1) describes our conceptual approach to providing a
sense of community and empowerment for participants. After
experiencing WEBS (Figure 1, Stage 1), participants report that
they can successfully implement the skills from WEBS and
also feel more empowered in pursuing the career and life they
desire (Figure 1, Stage 2). These actions result in increased
empowerment, career self-efficacy, and satisfaction (Figure 1,
Stage 3). The evaluation data from the surveys reflect this
program framework, demonstrate the transformative experience,
and highlight the far-reaching impacts of participation. Our
approach also illustrates that it takes more than just skills
acquisition and professional development to support the career
success and retention of women in EEB. Cultivating community
connections and a sense of empowerment are critical to retention
efforts.

Stage 1. At WEBS: Skills Acquisition and Community
Experience Scientific and career skills are necessary but not
sufficient for thriving in a scientific career. Connecting to
a scientific community is also critical to retention. WEBS
participants gained access to both skills acquisition and

community development. First the WEBS symposia provides a
community-centric experience and safe venue to connect with
peers and senior women scientists, particularly on issues which
are often more acute for women than men (Mcguire et al., 2012).
Eighteen months after WEBS, a participant writes “[I] realized
there are a lot more females who are dealing with the same sorts
of issues and concerns—inherent in choosing to work in a male-
dominated arena. It gave me more confidence to keep plodding
ahead, despite obstacles.” Participants are able to explore issues
not often openly raised in front of colleagues at their home
institutions, and address the broader context of how life and
career are tightly intertwined and how guilt, doubt, inertia or
isolation hamper changing patterns impeding career satisfaction
and progression. A participant notes, six month after attending
WEBS, that “WEBS has been a pivotal experience for me. I felt
quite isolated prior to WEBS, and having this retreat where so
many women from different experiences and levels came together
and were able to share so much really gave me much more
confidence and insight into how to move forward in life more
effectively and more happily.”

Second, participants report that WEBS successfully provided
them with a suite of career development skills. Six months
after their symposium experience, 98% of survey respondents
report positive changes in skills acquired during the symposium.
Eighteen months later, 87% still voluntarily mention positive
changes in their skills due to WEBS in their survey responses.
Participants cite a long list of skills which improved as a result of
WEBS, such as mentoring, networking, accessing resources, time
management, scheduled writing periods, preparation to progress
in their career, conflict management, teaching, self-promotion,
grant writing, improved research, and/or teaching statements,
contact with research funders, lab management, and developing
collaborations. The quality of language used in the responses
about skills acquisition and improvement is striking, as this
representative statement shows: “WEBS awakened me to new
possibilities”; [WEBS] gave me a great skill set that I can now pass
along to my group (students and post-docs)... Getting a useful skill
set was HUGE.”

Stage 2. Post-WEBS: Skills Implementation and
Empowerment. It is one thing to acquire new skills; it is

Stage 1:
At WEBS

Skills Acquisition

Community
Experience

biology.

Stage 2:
Post WEBS

Skills
Implementation

Empowerment

FIGURE 1 | WEBS Program Framework. The program framework describes the conceptual approach of the WEBS experience. Survey respondents reported that
their participation WEBS was a transformative experience that resulted in improved career-self efficacy, empowerment and satisfaction for early career women in

Stage 3:
Post WEBS

Career Self-Efficacy

Career Satisfaction
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another thing to implement those new skills An increased sense
of empowerment and the career skills in hand for crafting the
scientific career one desires is a powerful combination (Bandura,
1986, 1997; Mcguire et al., 2012). Stage 2 reflects the participants’
evolution to increased career self-efficacy and satisfaction by
implementing their newfound skills and feeling empowered to
create the careers they desire. The following quotation from a
participant 6 months after WEBS illustrates deep impact of skills
implementation reported by WEBS participants: “I have a better
understanding of what questions to ask (my department head, the
dean...), where to go for information, how people get to where they
are in their career, how to be a better mentor and teacher... I took
a lot of tools away that I use daily and that I have encouraged
my students to adopt.” Tools and skills improvement reported
by participants include time management, lab management,
self-promotion, and conflict management, among others.
Furthermore, the network formed at WEBS serves to support
participants in implementing new skills. A WEBS alumna
highlights this point years after attending WEBS herself in a
reference letter she wrote for a 2013 WEBS applicant. “T know
that [the applicant] will meet a cadre of women at similar type
institutions that will learn a great deal from one another. This,
I feel, is the hidden jewel of WEBS. The contacts I made have
been extremely helpful in continuing what I learned while at the
conference.” A 2007 participant noted that the relationships she
made at WEBS helped hold her accountable in implementing
her newly learned skills: “T write for 1-2 h every morning now
before the rest of my day gets crazy. I have another WEBS
participant with whom I check in weekly—that keeps me mindful
of my writing goals especially. I have made a point of seeking
out a couple research collaborations that have turned into very
productive and enjoyable ventures.”

Nearly all respondents report feelings of empowerment six
and even 18 months beyond the symposium (92 and 94%,
respectively, of survey respondents, n = 48 and n = 46).
Empowerment in professional development includes the ability
to clarify goals, define success for oneself, be more vocal about
needs and realize one is not alone. Respondents comment on
being a more proactive mentee, realizing the importance of
mentoring, discussing gender issues with a mentor, finding a
mentor at WEBS, being more proactive in seeking networking
opportunities, and feeling less isolated due to networking. This
sense of empowerment is described as increased confidence,
improved attitude, and redefining success. For example, one
participant writes on the 6-month survey, “I have rewritten
sections of my CV and am more positive about my abilities and
the statement of what I can (and will do) in the future with
my research. I have also started contacting the chair of search
committees to ask for advice for future applications. This, for me,
takes a lot of courage.”

Stage 3. Post WEBS: Career Self-Efficacy and Satisfaction.
Because of the career stage targeted by WEBS, most participants
are, by definition, in career transition. The time between
postdoctoral status and a tenure-track or other permanent
position is often fraught with anxiety and uncertainty, and 94% of
participants made negative statements about their job satisfaction
at the time of their application. These statements range from

comments about lack of career progression, to having no support
network, to struggling with time management, to struggling to
meet job expectations, to feeling uncertain about the future.
Participants report that the WEBS symposia have strong, positive
effects on them and reduce these negative feelings by over 50%
6 months after the symposium. WEBS empowers participants
to take charge of their career paths and ultimately results in
increased career self-efficacy.

Furthermore, one participant notes 18 months post-WEBS
that “I have taken on more leadership roles; WEBS helped
me realize that the challenges I faced were not unique to my
own experience. I am now also more proactive in charting the
course of my own career.” Another response 18 months post-
WEBS indicates a similar increase in self-efficacy, “I especially
feel like my confidence and proactive efforts to look for
mentorship, collaboration and help outside of my institution
have gone way up. This is important in helping me navigate
the ups and downs of life in a small department.” Such
improvements in self-efficacy have been shown to result in
successful outcomes and increases in work-related performance
(Bandura, 1997; Cech et al., 2011).

Participants report that WEBS directly impacts their career
satisfaction, self-efficacy, and development and empowers them
to navigate a path suitable for their unique career and life
satisfaction. One participant illustrates this sentiment on the
6-month follow-up survey, writing “Since WEBS, I have been
exploring options and thinking about what I want for my career,
and my current (post-WEBS) path feels much more like me,
and much more satisfying... it was a profoundly life-changing
experience for me.” Another participant illustrates implementing
concrete skills and strategies by saying, “I called my program
officer! (This was one of the tips that got a lot of emphasis at
the conference). I am now developing an NSF proposal with
another junior female researcher, and we have both benefited
from the guidance on grant-writing and preparation that I got
at WEBS. I have been much more proactive about emailing
potential collaborators and making contacts. I have started using a
writing/work log and the working in small chunks of time strategy
to try and improve my productivity.”

In sum, WEBS transforms participants through long-term
positive impacts on their career satisfaction, empowerment,
and self-efficacy. WEBS alumnae report enhanced feelings of
empowerment, resulting in continued implementation of the
skills and strategies learned at WEBS for at least one-and-a-
half years post-WEBS. Such increased career self-efficacy leads to
increased productivity, satisfaction, and commitment to science
(Brown and Lent, 1996; Lent et al., 2000; Cohen et al., 2009). By
offering participants opportunities to share and reshape personal
narratives, build a community with other women scientists, and
learn career skills—all the while keeping the broader context
of career and life in full view—WEBS is changing lives. As
one participant noted 18-month after her WEBS experience,
“[1] cannot pinpoint one particular improvement or one specific
challenge but I strongly feel that WEBS increased my professional
skills broadly, heightened my awareness of the intricacies of
academia, and fundamentally boosted my confidence and courage
to advance in my field.”
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CONCLUSION

Community and empowerment are necessary for individuals
to leverage their scientific training, skills, and expertise into
successful and impactful careers. To advance diversity in STEM,
we must change the ways we support female scientists and
scientists from other underrepresented groups as they embark on
their careers, and we must develop strategies that create a sense
of community and empowerment. WEBS does exactly this and is
a program readily adaptable to a variety of fields and individuals
from other underrepresented groups. In fact, we have successfully
adapted it into a program to advance diversity in neuroscience
(see BRAINS: Broadening the Representation of Academic
Investigators in Neuroscience, http://www.brains.washington.
edu Margherio et al, 2016) and are currently adapting it to
women in engineering (see http://www.advance.washington.edu/
lattice). By creating opportunities to foster community building
and empowering all our early-career scientists, especially women
and underrepresented minorities, we can foster a scientific
culture in which all our scientists can thrive.

AUTHOR CONTRIBUTIONS

MH was the PI of the NSF ADVANCE grant funding this
work and co-developed and facilitated the program with JY
and SF. She was the lead writer for the manuscript. JY was
a co-PI and co-developed and facilitated the program with
MH and SF. She was actively involved in analyzing data and
editing the manuscript. PM was the lead program evaluator and
managed the data and overall data analysis and contributed to
editing the manuscript. CM worked with PM to analyze the
data and edit the manuscript. SF was a co-PI and co-developed
and facilitated the program with MH and JY. She was actively

REFERENCES

Agho, A. O, Price, J. L., and Mueller, C. W. (1992). Discriminant validity of
measures of job satisfaction, positive affectivity and negative affectivity. J.
Occup. Organ. Psychol. 65, 185-195. doi: 10.1111/j.2044-8325.1992.tb00496.x

Arismendi, I., and Penaluna, B. E. (2016). Examining diversity inequities in
fisheries science: a call to action. Bioscience 66, 584-591. doi: 10.1093/
biosci/biw041

Bandura, A. (1986). Social Foundations of Thought and Action: A Social Cognitive
Theory. Englewood Cliffs, NJ: Prentice Hall.

Bandura, A. (1997). Self-Efficacy: The Exercise of Control. New York, NY: Freeman.

Baugh, S. G., and Scandura, T. A. (1999). The effect of multiple mentors on protege
attitudes toward the work setting. J. Soc. Behav. Pers. 14, 503-521.

Beck, C., Boersma, K., Tysor, C. S., and Middendorf, G. (2014). Diversity at 100:
women and underrepresented minorities in the ESA: peer-reviewed letter.
Front. Ecol. Environ. 12, 434-436. doi: 10.1890/14.WB.011

Beverly, J. M. (2007). Shirley Malcom “Supporting STE Careers from Cradle
to Grave.” Office Science Technology Austria. Available online at: http://
ostaustria.org/bridges- magazine/volume- 16- december- 17-2007/item/2744-
shirley-malcom-supporting- ste- careers- from-cradle- to- grave

Blau, F. D., Currie, J. M., Croson, R. T. A., and Ginther, D. K. (2010). Can
mentoring help female assistant professors? Interim results from a randomized
trial. Am. Econ. Rev. 100, 348-352. doi: 10.1257/aer.100.2.348

Brown, S. D., and Lent, R. W. (1996). A social cognitive framework for
career choice counseling. Career Dev. Q. 44, 354-366. doi: 10.1002/j.2161-
0045.1996.tb00451.x

involved in analyzing data and editing the manuscript. All
authors contributed to the design and interpretation of data,
drafting the manuscript, approving the final manuscript, and
agree to be accountable for the work in its entirety. PM and CM
were also responsible for the acquisition of data.

ACKNOWLEDGMENTS

The authors wish with thank the 142 amazing WEBS participants
and 38 senior scientists from the five WEBS symposia held to
date. We also thank the WEBS board—Marta Wayne, Martha
Groom, Lee Anne Martinez, Ingrid Parker, and Karen Holl
for their support and advice, as well as past board members
Pam Matson and Jo Handelsman. We also thank Eve Riskin,
Alexis Nelson, Coleen Carrigan, Martha Groom, Marta Wayne,
Kerry Naish, James Tiedje, Linda Beth Tiedje, Michael O’'Rourke,
and two reviewers for feedback on drafts of this manuscript.
WEBS greatly appreciates funding and in kind support from a
number of professional societies and departments (please see
our website, www.webs.washington.edu) as well as from the
National Science Foundation (SBE-0545273, SBE-0544754 and
DEB-1044506). Additional details on the program structure are
available by request from the authors. Anonymized data included
in this paper are archived at the University of Washington. Upon
review of our human subjects minimal risk application (#43131),
the UW Institutional Review Board (IRB) approved this
project.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: http://journal.frontiersin.org/article/10.3389/fevo.
2016.00119

Cannady, M. A., Greenwald, E., and Harris, K. N. (2014). Problematizing the STEM
pipeline metaphor: is the STEM pipeline metaphor serving our students and the
STEM workforce? Sci. Educ. 98, 443-460. doi: 10.1002/sce.21108

Case, A. D., and Hunter, C. D. (2012). Counterspaces: a unit of analysis
for understanding the role of settings in marginalized individuals’ adaptive
responses to oppression. Am. J. Community Psychol. 50, 257-270. doi:
10.1007/s10464-012-9497-7

Cech, E., Rubineau, B,, Silbey, S., and Seron, C. (2011). Professional role confidence
and gendered persistence in engineering. Am. Sociol. Rev. 76, 641-666. doi:
10.1177/0003122411420815

Chafetz, J. S., and Valian, V. (1999). Why so Slow? The advancement of women.
Contemp. Sociol. 28, 42. doi: 10.2307/2653855

Cohen, G. L., Garcia, J., Purdie-Vaughns, V., Apfel, N., and Brzustoski, P.
(2009). Recursive processes in self-affirmation: intervening to close the
minority achievement gap. Science 324, 400-403. doi: 10.1126/science.11
70769

Committee on Maximizing the Potential of Women in Academic Science and
Engineering, Committee on Science, Engineering, and P. P. (COSEPUP),
Institute of Medicine (IOM), Policy and Global Affairs (PGA), National
Academy of Sciences, and National Academy of Engineering (eds.). (2007).
Beyond Bias and Barriers: Fulfilling the potential of women in Academic Science
and Engineering. Washington, DC: The National Academies Press. Available
online at: http://www.nap.edu/openbook.php?record_id=11741

Corden, A., and Sainsbury, R. (2006). Using Verbatim Quotations in Reporting
Qualitative Social Research: Researchers’ Views. York: Social Policy Research
Unit, University of York.

Frontiers in Ecology and Evolution | www.frontiersin.org

October 2016 | Volume 4 | Article 119


http://www.brains.washington.edu
http://www.brains.washington.edu
http://www.advance.washington.edu/lattice
http://www.advance.washington.edu/lattice
www.webs.washington.edu
http://journal.frontiersin.org/article/10.3389/fevo.2016.00119
http://ostaustria.org/bridges-magazine/volume-16-december-17-2007/item/2744-shirley-malcom-supporting-ste-careers-from-cradle-to-grave
http://ostaustria.org/bridges-magazine/volume-16-december-17-2007/item/2744-shirley-malcom-supporting-ste-careers-from-cradle-to-grave
http://ostaustria.org/bridges-magazine/volume-16-december-17-2007/item/2744-shirley-malcom-supporting-ste-careers-from-cradle-to-grave
http://www.nap.edu/openbook.php?record_id=11741
http://www.frontiersin.org/Ecology_and_Evolution
http://www.frontiersin.org
http://www.frontiersin.org/Ecology_and_Evolution/archive

Horner-Devine et al.

Community and Empowerment for Women in Biology

de Janasz, S. C., and Sullivan, S. E. (2004). Multiple mentoring in academe:
developing the professorial network. J. Vocat. Behav. 64, 263-283. doi:
10.1016/j.jvb.2002.07.001

Etzkowitz, H. (2000). Athena Unbound: The Advancement of Women in Science
and Technology. Cambridge: Cambridge University Press.

Feeney, M. K., and Bernal, M. (2010). Women in STEM networks: who seeks
advice and support from women scientists? Scientometrics 85, 767-790. doi:
10.1007/s11192-010-0256-y

Gibbs, K. D. Jr., and Marsteller, P. (2016). Broadening participation in the life
sciences: current landscape and future directions. Cell Biol. Educ. 15, ed1. doi:
10.1187/cbe.16-06-0198

Glass, J. L., Sassler, S., Levitte, Y., and Michelmore, K. M. (2013). What's so special
about stem? A comparison of women’s retention in stem and professional
occupations. Soc. Forces 92, 723-756. doi: 10.1093/sf/s0t092

Goulden, M., Mason, M. A., and Frasch, K. F. (2011). Keeping women in
the science pipeline. Ann. Am. Acad. Pol. Soc. Sci. 638, 141-162. doi:
10.1177/0002716211416925

Greenwald, A. G., and Banaji, M. R. (1995). Implicit social cognition: attitudes,
self-esteem, and stereotypes. Psychol. Rev. 102, 4-27. doi: 10.1037/0033-
295X.102.1.4

Hough, L. M., Eaton, N. K., Dunnette, M. D., Kamp, J. D., and McCloy, R.
A. (1990). Criterion-related validities of personality constructs and the effect
of response distortion on those validities. J. Appl. Psychol. 75, 581-595. doi:
10.1037/0021-9010.75.5.581

Johnson, A., Brown, J., Carlone, H., and Cuevas, A. K. (2011). Authoring identity
amidst the treacherous terrain of science: a multiracialfeminist examination of
the journeys of three women of color in science. J. Res. Sci. Teach. 48, 339-366.
doi: 10.1002/tea.20411

Katz, S. J. (2008). WEBS: practicing faculty mentorship. Bioscience 58, 15. doi:
10.1641/B580105

Kern, C. C., Kenefic, L. S, and Stout, S. L. (2015). Bridging the gender gap:
the demographics of scientists in the USDA Forest Service and academia.
BioScience 65, 1165-1172. doi: 10.1093/biosci/biv144

Lent, R. W., Brown, S. D., and Hackett, G. (1994). Toward a unifying social
cognitive theory of career and academic interest, choice, and performance. J.
Vocat. Behav. 45,79-122. doi: 10.1006/jvbe.1994.1027

Lent, R. W., Brown, S. D., and Hackett, G. (2000). Contextual supports and barriers
to career choice: a social cognitive analysis. . Couns. Psychol. 47, 36-49. doi:
10.1037/0022-0167.47.1.36

Margherio, C., Horner-Devine, M. C., Mizumori, S. J. Y., and Yen, J. W.
(2016). Learning to thrive: building diverse scientists access to community
and resources through the BRAINS program. Cell Biol. Educ. 15, ar49. doi:
10.1187/cbe.16-01-0058

Martinez, E. D., Botos, J., Dohoney, K. M., Geiman, T. M., Kolla, S. S., Olivera, A.,
et al. (2007). Falling off the academic bandwagon: women are more likely to
quit at the postdoc to principal investigator transition. EMBO Rep. 8, 977-992.
doi: 10.1038/sj.embor.7401110

Mcguire, K. L., Primack, R. B., and Losos, E. C. (2012). Dramatic improvements
and persistent challenges for women ecologists. Bioscience 62, 189-196. doi:
10.1525/bi0.2012.62.2.12

Metcalf, H. (2016). Broadening the study of participation in the life sciences: how
critical theoretical and mixed-methodological approaches can enhance efforts
to broaden participation. Cell Biol. Educ. 15, rm3. doi: 10.1187/cbe.16-01-0064

Misra, J., and Lundquist, J. H. (2015). Essay on Diversity Issues and Midcareer
Faculty Members. Inside Higher Ed. Available online at: https://www.
insidehighered.com/advice/2015/06/26/essay- diversity-issues-and- midcareer-
faculty-members?width=775&height=500&iframe=true

Moody, J. (2012). Faculty Diversity: Removing The Barriers, 2nd Edn. New York,
NY: Routledge Falmer.

Reybold, L. E., Brazer, S. D., Schrum, L., and Corda, K. W. (2012). The politics
of dissertation advising: how early career women faculty negotiate access and
participation. Innov. High. Educ. 37, 227-242. doi: 10.1007/s10755-011-9200-1

Sandelowski, M. (1994). Focus on qualitative methods. The wuse of
quotes in qualitative research. Res. Nurs. Health 17, 479-482. doi:
10.1002/nur.4770170611

National Science Foundation (2012). Science and Engineering Indicators 2012.
Available online at: http://www.nsf.gov/statistics/seind12/c3/c3h.htm.nsf.gov -
Science and Engineering Degrees, by Race/Ethnicity of Recipients: 2002-12 -
NCSES - US National Science Foundation (NSF) Available online at:
http://www.nsf.gov/statistics/2015/nsf15321/ (Accessed June 3, 2015).

Shaw, A. K, and Stanton, D. E. (2012). Leaks in the pipeline: separating
demographic inertia from ongoing gender differences in academia. Proc. R. Soc.
B Biol. Sci. 279, 3736-3741. doi: 10.1098/rspb.2012.0822

Solorzano, D. G. (1998). Critical race theory, race and gender microaggressions,
and the experience of Chicana and Chicano scholars. Int. J. Qual. Stud. Educ.
11, 121-136. doi: 10.1080/095183998236926

Steele, C. M. (2010). Whistling Vivaldi and Other Clues to How Stereotypes Affect
us. New York, NY: W. W. Norton & Company.

Strauss, A., and Corbin, J. (1998). Basics of Qualitative Research: Techniques
and Procedures for Developing Grounded Theory, 2nd Edn. Available online
at: http://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=1999-
02001-000&site=ehost-live

Strauss, A. (1987). Qualitative Analysis for Social Scientists. New York, NY:
Cambridge University Press.

Tenenbaum, H. R,, Crosby, F. ]., and Gliner, M. D. (2001). Mentoring relationships
in graduate school. J. Vocat. Behav. 59, 326-341. doi: 10.1006/jvbe.20
01.1804

Thomas, N., Bystydzienski, J., and Desai, A. (2015). Changing institutional culture
through peer mentoring of women STEM faculty. Innov. High. Educ. 40,
143-157. doi: 10.1007/s10755-014-9300-9

Xie, Y., and Shauman, K. A. (2003). Women in Science: Career Processes and
Outcomes. Cambridge: Harvard University Press.

Xie, Y., and Shauman, K. A. (2006). Women in Science: Career Processes and
Outcomes. Cambridge: Harvard University Press.

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2016 Horner-Devine, Yen, Mody-Pan, Margherio and Forde. This
is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) or licensor are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Ecology and Evolution | www.frontiersin.org

October 2016 | Volume 4 | Article 119


https://www.insidehighered.com/advice/2015/06/26/essay-diversity-issues-and-midcareer-faculty-members?width=775&height=500&iframe=true
https://www.insidehighered.com/advice/2015/06/26/essay-diversity-issues-and-midcareer-faculty-members?width=775&height=500&iframe=true
https://www.insidehighered.com/advice/2015/06/26/essay-diversity-issues-and-midcareer-faculty-members?width=775&height=500&iframe=true
http://www.nsf.gov/statistics/seind12/c3/c3h.htm.nsf.gov
http://www.nsf.gov/statistics/2015/nsf15321/
http://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=1999-02001-000&site=ehost-live
http://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=1999-02001-000&site=ehost-live
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Ecology_and_Evolution
http://www.frontiersin.org
http://www.frontiersin.org/Ecology_and_Evolution/archive

	Beyond Traditional Scientific Training: The Importance of Community and Empowerment for Women in Ecology and Evolutionary Biology
	Introduction
	WEBS: Women Evolving Biological Sciences
	Assessing The Impact Of Webs
	Webs Program Framework
	Conclusion
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


