EXPANDING OPPORTUNITIES FOR WOMEN IN THE COMPUTING SCIENCESPRIVATE 

WORKSHOP REPORT

I.
INTRODUCTION 

It seems clear that the status of women in the computing sciences has not significantly changed over the last decade.  Women are still not well represented in the profession.  They are still not present in significant numbers in the ranks of the Full Professors at colleges and universities in the nation, and they are still not seeking careers in the field in significant numbers.  These phenomena are well documented in the relevant literature, and it is time for a thoughtful assessment of whether and how federal agencies can have impact in attracting women to the computing profession, particularly to research careers in the profession, and retaining them in the field for a lifetime.  In October of 1992, a workshop was organized to identify alternatives that could be pursued to encourage greater participation of women in Computer Science and Engineering, both in research roles and those involving education.  

The workshop was organized around four major topic areas.  Each of these represents an area in which there may be significant impediments to women at present, and our objective was to try to identify the source of the impediments and to propose ways in which these impediments may be addressed.  The four specific broad topic areas that were addressed are:


1)
Pipeline Issues


2)
Visibility of Women in the Field


3)
Career Development Issues


4)
Critical Areas in Need of Further Investigation

The body of this report is structured in two parts.  The first gives a brief high level overview of the recommendations that were formulated by the workshop participants.  The second is organized as a summary of discussion in each of the four working groups of the workshop.  Since some of the recommendations reflect a combination of suggestions that originated in different working groups, the synopsis in Section II is keyed to the more detailed discussion in Section III for amplification.  A list of workshop participants is found in Section IV.

II.
WORKSHOP RECOMMENDATIONS

Four working groups were formed to address issues associated with each of the four broad topic areas mentioned above.  Each group was charged with the task of formulating a small set of recommendations.  As a set of recommendations, the suggestions made by the workshop participants fall into two categories: those that affect federal agency policies, but do not have an additional cost, and those that require additional resources.  In this section, those recommendations that are concerned with policy issues are not prioritized. Those that require additional resources are prioritized, to the extent that it can be done.  For the sake of brevity, and because some of these recommendations were made by more than one group, they are only summarized in this section. More complete discussion of each is found in Section III as indicated.

Policy changes not requiring additional resources:

[1]
Require site or multi‑site proposals to indicate support for human infrastructure


In an effort to foster increased breadth of participation in work supported by federal agencies, the workshop participants recommend that policies be put in place to require that proposals indicate ways in which human infrastructure needs will be enhanced under the proposed funding.  (III.1)


For example, a diversity requirement should be added to proposal review criteria.  This requirement would insist that proposals submitted for grants and contracts include a diversity impact plan.  Evaluation of the proposals should take the adequacy of this plan and the indicated mechanisms for assessing its effectiveness into consideration. (III.3)

[2]
Encourage competitive, investigator‑initiated infrastructure improvement proposals


It is recommended that an avenue be provided for competitive, investigator‑initiated innovative proposals to improve human infrastructure. (III.1) 


It should be emphasized that infrastructure grants could be used for improving the infrastructure for women.  Policy should be established indicating that it is appropriate to apply for infrastructure programs for the purpose of improving infrastructure for women in computer science and engineering. Any program involving mechanisms of the kind mentioned here should maintain an element of merit review and accountability for results. (III.2) 

[3]
Supplement existing grants and contracts to support women students


This can be done in many ways.  One mechanism could be pursued with the use of  government/industry internships.  Another could involve a policy of supplementing existing grants and contracts with extra funds if the additional funding were used to support women students. (III.2) 

[4]
Modify research planning awards and Phase I feasibility exploration efforts to encourage collaboration with senior scientists and engineers


Modification of planning grant and feasibility study award criteria to add collaboration with a senior scientist as a requirement.    (III.3) 

[5]
Modify existing programs to be more flexible


This could be done by considering the removal of certain restrictions on award of grants and contracts:


‑ Certain programs require that there be a nondoctoral institution involved.  Removal of this type restriction would expand the accessibility of these programs.


‑ Certain programs require that funding be associated with existing grants.  Removal of this type restriction would make interdisciplinary research opportunity funding more widely accessible.


‑ Some programs segregate funding to faculty and students.  Combining faculty funds and student funding may provide greater flexibility and accessibility to women in the field.

[6]
Replace "chronological age" with "academic age" in all programs


The concept of "academic age" should replace the notion of chronological age in all federal programs.  It is often the case that older women reenter the profession or even enter it as older students in the first place.  Restricting eligibility of individuals for programs simply on the basis of chronological age serves to discourage the nontraditional student  and is unwarranted. (III.3)

[7]
Diversify staff


The diversity of individuals involved in the decision making process  should be enhanced.   Greater diversity of representation brings a greater diversity of perspectives to the process of proposal review and should be fostered. (III.3)

Recommendations requiring additional resources:

[1]
Undertake a mass media effort to inform girls of the opportunities in computer science and engineering.


In order to reach as broad an audience as possible, a mass media strategy is suggested.  (III.2)  


An effective way of disseminating appropriate information to middle school girls should be found.  In order to do this, information should be gathered about programs and materials that are already in place and find ways to make the existence of these programs and their goals known to a national audience.  In conjunction with this effort, there is a need to do longitudinal studies involving students who have already been involved in these programs and the choices they have made. (III.4) 

[2]
Hold a yearly workshop for new women and minority faculty


A workshop for new female and minority faculty should be organized.  This workshop would be focused on such issues as the importance of mentoring and its benefits, the need to build links with senior faculty, techniques for successful proposal writing, available funding opportunities relevant contact personnel, and activities of the professional societies as they affect faculty.  The recommendation also suggests that a number of travel grants should be made available for new  women faculty so that they can attend conferences and establish mentoring  relationships more easily.  The individuals affected by such a program would be new female faculty. (III.3)

[3]
Write and widely circulate a pamphlet to raise awareness of obstacles faced by women


In order to raise awareness of some of the issues faced by women in the field, it is recommended that a pamphlet be prepared to highlight some of these issues.(III.1)  Many people are not aware of the obstacles that they impose and are in  need of sensitivity training. A task force is needed to gather information about these issues and produce a handbook that could be sent to institutions and to accrediting agencies.  (III.4)

[4]
Plan and publicize a Grace Murray Hopper celebration


It is recommended that a Grace Murray Hopper celebration of women in computer science meeting be held within the next 12 months. 


To make it possible for women to come, travel support is needed, as is funding for the convocation itself.  Avenues for dissemination of materials concerning the convocation should also be sought. (III.2) 

[5]
Empower a task force to foster professional recognition of women


It is recommended that a Task force on Professional Recognition Of Women achievEmentSS (PROWESS) be formulated.  This task force should take as its charge the enhancement of visibility for women in the computing sciences.  (2.3)

[6]
Evaluate existing federal programs


It is recommended that a task force be assembled to evaluate current federal programs directed towards the enhancement of opportunities for women and minorities.  Among the current programs that should be included in such a study are all existing fellowships and other programs targeted for women (III.1)  Certainly, the success or failure of the existing programs should be evaluated.  The experience gained from these programs should be put to good use.  (III.2)

[7]
Coordinate retention studies


Retention studies should be conducted to focus attention on problems such as those that cause the high drop out rate (among women) at the M.S. level.  (III.1)

[8]
Conduct a study of current women graduate students to determine what factors influenced them.


There are some programs that are particularly effective in getting students into the computer science and engineering pipeline.  These programs should be identified.  The longer term goal is one of identifying some factors that may be influential, developing an instrument that would be used to investigate program characteristics that encourage students to pursue graduate study, and to publish the results of this research in a form that is useful to those who administer undergraduate programs in computer science. (III.4)

[9]
Conduct a study of style/gender issues


Systematic study of style/gender issues and the changing nature of computer science (cooperative learning/work) should be undertaken so that factors with impact on available opportunities for women can be identified. (III.2)

[10]
Develop support for those who have dropped off the research track


What sort of professional support should be (or is) available for people who already have the Ph.D. but have dropped off the research track? 


Individuals who are unemployed or who are not in current faculty positions are not eligible for many research awards.  These people (both male and female) need an intense immersion into the field, including access to courses and equipment and an opportunity to participate in research. (III.4)

III. WORKING GROUP REPORTS

The workshop was organized around a set of broad topic areas.  Each of these topic areas was the subject of a focused set of discussions by one of the four working groups of the workshop.  In the following paragraphs, the discussions and recommendations made by each of the subgroups are outlined. It should be noted that some of the recommendations are mentioned in this section with associated priorities.  These priorities are those that were voiced by the individual groups as they formulated their recommendations.  They do not necessarily reflect the intent of the workshop as a whole.

III.1    Pipeline Issues 

It is possible to view the career of any individual as being one in which that person passes through a succession of pipelines.  For example, girls are often thrust into a pipeline that produces successful wives and mothers, just as boys frequently pass through a pipeline that encourages development of the competitive skills that they will need as professional men.  The pipeline that produces faculty and research personnel in the computing sciences is one that probably begins in the middle school years, when children are 12 to 14 years old.  The literature concerning the misdirection that young girls receive in these years is very rich.  It was not our intention to add to that literature. The group discussing pipeline issues focused its attention in the time a young woman is studying for her baccalaureate degree and the years following it. Topics for discussion included:


encouraging entry into the undergraduate programs


encouraging entry into graduate programs


stopping at the Master's level


collection of available information on existing programs


encouraging students by exposing them to the research environment



through attendance at conferences



through master's level fellowships


re‑entry issues encountered by women


role of the single gender institution


mechanisms for sensitizing faculty

After discussing these matters for some time, the working group on pipeline issues formulated several recommendations.  These fall into three broad categories:  recommended policies, suggested programs, and suggested action items not necessarily directed towards any particular program.

Recommended Policy:

In an effort to foster increased breadth of participation in computer science and engineering research, the workshop participants recommend that a policy be put in place to require that proposals indicate ways in which human infrastructure needs will be enhanced under the proposed funding.

Recommended Programs:

1. It is recommended that an avenue be provided for competitive, investigator‑initiated innovative proposals to improve human infrastructure.  The emphasis in such a program would be on encouraging submission of creative proposals to address the improvement of human infrastructure for women and minorities.  It should be stressed that proposals must also indicate how the programs that are being proposed would become self sustaining, and each proposal should contain a plan for outcome assessment that is feasible and effective.

2. It is recommended that a task force be assembled to evaluate current federal programs directed towards the enhancement of opportunities for women and minorities.  The purpose of such a study should be to coordinate retention studies and focus attention on problems such as those that cause the high drop out rate (among women) at the M.S. level.  

Action Item:

In order to raise awareness of some of the issues faced by women in the field, it is recommended that a pamphlet be prepared to highlight some of these issues.  Examples of the kinds of issues that should be highlighted include factors associated with the tenure clock and classroom factors that are more of an impediment to women than to men.  In order to achieve as wide an impact as possible, it is strongly suggested that this pamphlet be prepared and distributed with the support and endorsement of organizations such as the ACM, the IEEE Computer Society, and CRA.

III.2   Visibility of Women in the Field

As children, most women were not taught to view themselves as eventual competitors in the industrial and scientific world.  As a result, many of the strategies that men often employ to gain and maintain visibility and effectiveness in the field are not strategies that young women know.  There are few visible role models that young women can emulate as they plan their lives in the computing sciences.  There are few women on editorial boards and in high level, visible academic positions.  One group considered issues and strategies for gaining visibility in the field.  Topics that were addressed included:


issues involving role models


visiting scholar or visiting scientist positions


strategies for advancement in professional organizations


higher level professional activities

The group that was focused on visibility issues identified three major areas of concern:  recruitment, advancement, and retention of women in the field. This group felt that visibility is critical for recruitment of women into the field because if women are not aware of such things as career options, there will be no incentive for them to choose the careers in the computing sciences. Visibility is also critical for advancement because individuals who are not visible in the profession do not advance.  Finally, it is important to enhance visibility so that women who have chosen this field do not leave it.  The group formulated several recommendations directed towards enhancement of visibility in ways that are intended to address these areas of concern.

Recruitment (Priority 1):

In order to attract young women into the field, it is necessary to show high school girls as well as students in their first two years in college a positive image of careers in computer science using women role models. Materials prepared for this purpose should indicate what kinds of preparation are necessary, the breadth of career opportunities, and viability of these opportunities for women.

In order to reach as broad an audience as possible, a mass media strategy is suggested.  Specifically, a satellite symposium, with videos, and a booklet are proposed.  Relevant information should also be incorporated into the occupational outlook handbook distributed to students.  As a part of this effort, market research should be conducted and promising distribution channels should be identified.

In addition to a satellite symposium with appropriate ancillary materials, a career/resource handbook should be prepared and distributed.  Mechanisms for providing online resources (materials, speakers) should be put in place, and the cooperation of organizations such as PBS and NTU should be sought in order to maximize the impact of the overall effort.

It is suggested that developing a program to fund an approach of this kind be considered.  The cost estimate is on the order of $150,000.

Advancement (Priority 2)

In general, the accomplishments of women in computer science and engineering are not well known.  The kind of visibility that leads to advancement in the profession often eludes women.  It is important to make accomplishments of women scholars in computer science and engineering visible so that women can get recognition for their accomplishments, so that more women can be motivated, and so that women at various levels of their career can be brought together.  Two recommendations have been formulated to address these issues.

1. It is recommended that a Grace Murray Hopper celebration of women in computer science meeting be held within the next 12 months.  The celebration would be an event bringing together noted computer scientists and women in the field.  Speakers would be invited to address the convocation and special issues of journals could be devoted to publication of a collection of these invited lectures.  This event could be coupled with the awarding of the ACM Grace Hopper memorial award and with other professional society awards that women may have been awarded (e.  g.  IEEE Fellow, ACM Fellow, etc.).

To make it possible for women to come, travel support is needed, as is funding for the convocation itself.  Avenues for dissemination of materials concerning the convocation should also be sought.

2. It is recommended that a Task force on Professional Recognition Of Women achievEmentSS (Prowess) be formulated.  This task force should take as its charge the enhancement of visibility for women in the computing sciences. It should develop a database of qualified women to serve on program committees, as speakers, and as role models.  It could encourage publication of special issues in magazines and serve as an advocate in formulation of special publications highlighting accomplishments of women in our field.

Retention (Priority 3)

A significant number of women enter the field at the undergraduate level, then drop out before completion of a Ph.D.  If undergraduate students knew what it is like to do research or work as an advanced computer scientist in industry, they might be more willing to pursue an advanced degree.  If women graduate students were provided with support to pursue advanced work and funding of their work were encouraged, they might be motivated to complete the Ph.D.  It is important to make the need for proper support and infrastructure for women visible.

This can be done in many ways.  One mechanism could be pursued with the use of government/Industry internships.  Another could involve a policy of supplementing existing grants and contracts with extra money if it is used to support women students. Finally, infrastructure grants could be used for improving the infrastructure for women.  Any program involving mechanisms of the kind mentioned here should maintain an element of merit review and accountability for results.

Independent of the issues involved in encouraging recruitment, retention, and advancement, there are some other actions that should be taken.  First, the success or failure of existing programs should be evaluated.  The experience gained from these programs should be put to good use.  Second, policy should be established indicating that it is appropriate to apply for infrastructure programs for the purpose of improving infrastructure for women in computer science and engineering.  Finally, systematic study of style/gender issues and the changing nature of computer science (cooperative learning/work) should be undertaken so that factors with impact on available opportunities for women can be identified.

III.3  Faculty Career Issues

Faculty women in the computing sciences at colleges and universities in this country almost invariably find themselves in departments dominated by their male colleagues.  It is relatively rare to find more than one female faculty member in a department.  There has been some progress in that there are more tenured associate professors in the nation than there were ten years ago.  It is unfortunately true that the "glass ceiling" that has affected women in managerial careers seems to be a factor in the university environment as well.

Women face a different and arguably somewhat more difficult set of challenges in the mid‑career years.  Due to the realities of biology and relationship stress, women find themselves dealing with career interruptions, necessity for developing an alternative path to the traditional one, and the exigencies of family responsibilities that do not commonly devolve on men.  In addition, they face the same set of stereotypical disadvantages faced by women in industry as they seek funding for their research.  For these reasons, one group directed its attention towards faculty career issues.  Topics addressed included:


career interruption


advancement (to tenure and beyond)


alternate career paths (adjunct and part time service)


funding opportunities and challenges


resource availability and acquisition

Four recommendations were formulated as a result of these discussions. They are:

1. Modification of the award criteria for some research planning programs to add collaboration with a senior scientist as a requirement.

Research planning grants are usually intended to act as a stimulus to encourage new research.  It seems that often the individuals who submit proposals for this program would benefit greatly from the mentoring and guidance that could be provided by an experienced senior scientist.  This change could be put into effect, with additional promotion of existing programs. As an assessment mechanism, grant and contract managers should monitor such factors as the rate of proposal receipt and the rate of success on followup proposals.

In addition, the program itself would benefit from increased awareness in the community.  This could be provided by promotion through such organizations as CRA, the ACM, the IEEE Computer Society, and systers.  Organizations such as these, through their newsletters, could act to promote the program and encourage increased participation on the part of women.

2. Establish a new program that incorporates a combination features from research opportunity programs and undergraduate research programs,  with the following changes:


‑ 
remove the restriction that the institution be nondoctoral


‑
remove the restriction that an opportunity grant  must be associated with an existing grant


‑
combine faculty funds awarded under an opportunity program with undergraduate funds awarded through an undergraduate researchprogram.

The problem that is addressed by this recommendation is that of providing incentive for career advancement for women faculty at small colleges.  Faculty in these institutions often do not have a group of graduate students on whom they can draw for research assistance.  They also often have heavy teaching loads, so that the time for research activity is limited.  Formulating a program with an award structure similar to the one described above removes one of the limitations in the environment by providing support for research activities that are directed by the faculty member and undertaken by the students.  This has two benefits:  the faculty member is engaged in quality research and the faculty member's "formal teaching load" may be reduced by virtue of the fact that the faculty member is engaged in "independent study" type course work.

As with any program, the effectiveness of a program such as the one that is proposed here should be assessed.  Potential metrics are those that can be applied by monitoring the rate of proposal generation relative to the program, participants' rate of publication as a result of the grant, and the number of women and minority students who become involved in research as a result of the program.

3. Organizion of  a workshop for new female and minority faculty and should be considered.  This should include a program of travel grants for the purpose of establishing mentoring relationships.  The individuals affected by such a program would be new female faculty.

New faculty at any institution often have difficulty determining appropriate advancement strategies.  New female faculty, in particular, frequently do not have access to people and resources that will enable them to be successful in academia, gaining promotion and tenure.  There is a need for mentoring by senior faculty so that new faculty learn how to obtain external funding and become visible in their institutions and in the discipline at large.

This recommendation suggests that an annual workshop involving new female faculty and several senior faculty members be held.  This workshop would be focused on such issues as the importance of mentoring and its benefits, the need to build links with senior faculty, techniques for successful proposal writing, available funding opportunities, relevant program contacts, and activities of the professional societies as they affect faculty.  The recommendation also suggests that a number of travel grants should be made available for new women faculty so that they can attend conferences and establish mentoring relationships more easily.

4.    It is also recommended that three policies be implemented.


i)
A diversity requirement should be added to funding programs.  This requirement would insist that proposals submitted for infrastructure grants and research contracts include an diversity impact plan. Evaluation of the proposals should take the adequacy of this plan and the indicated mechanisms for assessing its effectiveness into consideration.  


ii)
The concept of "academic age" should replace the notion of chronological age in all federal programs.  It is often the case that older women reenter the profession or even enter it as older students in the first place.  Restricting eligibility of individuals for programs simply on the basis of chronological age serves to discourage the nontraditional student and is unwarranted.


iii)
The diversity of individuals involved in the decision making process should be enhanced.   Greater diversity of representation brings a greater diversity of perspectives to the process and should be fostered.

III.4   Critical Areas in Need of Further Investigation

A thoughtful consideration of the issues affecting women in the computing sciences quickly leads to one inescapable conclusion.  There are a number of areas in which there is simply not adequate data to support conclusions of any kind.  Identification of these areas that are in need of further investigation is important because the impact of programs intended to expand opportunities for women cannot be assessed until there is adequate information available.

Topics of this kind that were discussed include:


style and gender issues as they may act as impediments to women and the extent of this impact


motivating disincentives that young women face and the extent of their impact


mechanisms for encouraging re‑entry and their degree of success

In the course of the discussions, four major questions surfaced.  These are:

1.
What sort of professional support should be (or is) available for people who already have the Ph.D. but have dropped off the research track?


Individuals who are unemployed or who are not in current faculty positions are not eligible for opportunity research awards.  These people (both male and female) need an intense immersion into the field, including access to courses and equipment and an opportunity to participate in research.  One way of addressing this need may be to institute a visiting scholar program with support for participant expenses.


Before such a program is instituted, the eligible population should be assessed.  Because people who could be helped by such a program are not in traditional roles, some mechanism that would encourage them to identify themselves should be devised.

2.
Girls in middle school often make choices that close the doors to educational and career possibilities in technical areas.  Education of these middle school girls and those adults who are influential in their lives is very important.


Middle school girls typically have no good knowledge about careers in computer science and engineering or mathematics and they have inadequate knowledge about careers in the laboratory sciences.  An effective way of disseminating appropriate information to them should be found.


In order to do this, information should be gathered about programs and materials that are already in place and find ways to make the existence of these programs and their goals known to a national audience.  In conjunction with this effort, there is a need to do longitudinal studies involving students who have already been involved in these programs and the choices they have made.

3.
There are some programs that are particularly effective in getting students into the computer science pipeline.  These programs should be identified.


At the present time, there does not seem to be hard data which indicates the kinds of undergraduate programs that produce successful graduate students in the computing sciences.  It is recommended that a sampling of current graduate students could provide a basis for more research on this topic.  The longer term goal is one of identifying some factors that may be influential, developing an instrument that would be used to investigate program characteristics that encourage students to pursue graduate study, and to publish the results of this research in a form that is useful to those who administer undergraduate programs in computer science.

4.
Faculty are in need of sensitivity training.


Many faculty today adopt styles of interaction that demonstrate a lack of sensitivity to the needs of female students.  Often this is subconscious.  The faculty member simply does not realize that certain actions or attitudes are offensive.


A task force is needed to gather information about these issues and produce a handbook that could be sent to institutions and to accrediting agencies.  The National Research Council could take a leadership role in this area, with cooperation from the ACM and the IEEE Computer Society as well as organizations such as the AAAS. 

VI. PARTICIPANTS

Dr. Vickie Allan


Utah State University

Dr. Greg Andrews


University of Arizona

Dr. Bruce Barnes


National Science Foundation

Marjorie Blumenthal


National Research Council

Dr. Anita Borg



Digital Equipment Corporation

Dr. Regina Brunner


Cedar Crest College

Dr. Doris Carver


Louisiana State University

Dr. Lillian N. Cassel


Villanova University

Dr. Lori Clarke


University of Massachusetts, Amherst

Dr. Mary Connolly


Saint Mary’s College

Dr. Susan E. Conry


Clarkson University

Dr. Mary Ellis



Hampton University

Dr. Gerald Engel


National Science Foundation

Dr. Susan Gerhart


National Science Foundation

Dr. Nico Habermann


National Science Foundation

Dr. Adele Howe


Colorado State University

Dr. Shiela Humphreys


University of California, Berkeley

Dr. Mary Jane Irwin


Pennsylvania State University

Dr. Deborah Joseph


University of Wisconsin

Dr. Laurel Kaleda


IBM

Dr. Nancy Leveson


University of California, Irvine

Dr. Doris Lidtke


National Science Foundation

Dr. Jane Liu



University of Illinois, Urbana-Champagne

Dr. Joseph O’Rourke


Smith College

Dr. Linda Parker


National Science Foundation

Dr. Shari Lawrence Pfleeger

MITRE Corporation

Dr. Robert W. Ritchie


Hewlett Packard Company

Dr. Rita Rodriguez


University of West Florida

Ms. Ellen Spertus


Massachusetts Institute of Technology

Dr. Anneliese von Mayrhauser
Colorado State University

Dr. Caroline Wardle


National Science Foundation

14

