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“The idea for this h:indbook originated in a Group 1ﬁdec‘ndcnt Qﬁl“dv'i’roiect, :

':_,n( ISP) a1i gender distingtions insciencé education at Brown University. The (.IQI’
*organized by students.concerned about the um.lur-rcmc:\cntauo'l of women in
science, was designed to examine the role that science education plays.in that
under-representation. The GISP’s goals were to determine the causes of high
attrition rates 1n the undergraduate “pipeline™ in science, math, and cngincering
for women, and to find solutions to deercase the number of students leaving these
fields. The GISPS work included case studies of introductory science classes at
Brown, surveys of svllabi and rextbooks used in science classrooms. a survey of
hrerature on the history of women in science and current rescarch on gender and

scienee educarion, and meerviews with male and female science faculy.

In order to examine issues of science education and women in sctence at
other schools, students in the GISP assembled a conferenee of students from the
New England Consortium for Undergraduate Science Education (NECUSE)
schools i April 1993: NECUSE supports science education efforts at sixteen
colleges and universities in New England. Further consultation with NECUSE
faculty members occurred at a second NECUSE meeting on swomen in science
held at Middlebury Callege in January 1994 and ata third NECUSE-sponsored
mecting on Minontics in Science Fducation held ar Smuth College in January,

1995, This handbook was produced with funding from NECUSE.

Further input on this handbook came from faculty and stafi at Brown
Uhuversity who have been involved in a Sloan Foundation senunar series on
inclustveness in scaence education. Funding from the Stean Foundation has also
h(lpul to supporr other tnitatives to improve science cducavion and to increase
aw .uuus\ of issucs mnu rnm;,\ p,cndc and race in science at Brown; thcsv : -
imtiarives have ncluded science curriculum dudnpmcm by taculty, student-
faculty collaboratian ta redesign science courses, and informational visits to
individual science departments. Feedback and experiences from all these

programs contributed greatly ro the ideas found in this handbook.




- Atrrition. nf women from science is wcll do;umcmcd \T\'SI-, Aprl‘ 1989

Hu:l)crr 1992 \RL 1991.) Although both men and women leave mc “plp(l'nc -

;along the way, studics havc repeatedly shO\\n rhat a hgher puunmg» nf\\ omen . .

- leave, especially during the undergraduare vears.

A common assumption is that students who leave the sciences are less ablc in
rhc sciences than those who continue. The number of students graduating wich
SME {saience, math and engineering) degrees is therefore believed to be
determined by the quality of the students within the pipeline. However, many
studies have shown thar ability is not always the deading factor in determining a
college major.

Suatchers Hrom SME fields] and non-suatching seniors did not
appear to differ ... in abiliy. They shared strong sunilarities in
thetr self-reported mean GPA scores (Seymour 1992b),

Most switchers did not have more conceptual difficrdties wath
science and mathematics, or mclination to work less hard, than
the non-switchers (Seymour 19924).

A number of factors contribute to the high atrrition for women {and under-
represented minority mcn) in science.

Aspects o/’tbe stmctura and udmre of SME [Science,
Madthematics and Engincering] dedrtmentc and. engméermg
schools madvertently encourage attrition and impede retention
e]'/brts. for the whole student popsdation and for important

subsets of 1t (Seymour 19924],

In this handb(mk we dcs’cribe thc aspccts of cul:urc that rese 1rchcn l\chcvc ’

' addrcssmg cach of thc.sc issues. If lmplcmantt'd, these changes may prevént very

Vcnpablc students from leaving the sciences and may also ateract students initally
not invelved in the seiences. We hope that this handbook wilf help faculsy
members become more aware of the issues that affect women in science and wil

provide them with ideas on how to address these issues in their own Jassrooms.

_Many of the changes suggested here are “hased upon qmmloglcal

pqnholoucnl and educational usc.mh on L,cndcr dlttcrcmcs with re e,ard to




smnu icammg nnd attrmon from qumce To thc authors of thxs dogumcm th

yrdlftc'eme:. imply tl'nt to teach for equalltv we must first recognize thar tcachmg

amts dlfhrcnualn affcct varmm p()nulanons in our classrooms.

It ms bccn argucd by nmnv educators that bv usm;1 te1chm;, tuhmuues rhat ‘
rcu)gmu a variety of Icarmm, Sty les in our-cl dassrooms we would not serve onl)
women but would attract more qtudmrs mdudmg men. who are not ledrnmg
under the standard lecturesstyle, lakge-class, science Cddca‘tmn‘ﬁ\'ﬁtcm.‘Sc)ﬁ*.é'
faculty who have considered the challenge of teaching for a more diverse

audience™ have claimed that more.inclusive teaching is simply good teaching. We
believe this to be largelv true, with two caveats. First, some suggestions (such as
out-of-classroom strategics) have less to do with good classroom teaching and
morc to do with creating a welcoming climate. Second, by concentrating on good

teaching alone, we often ignore gender-related differences.




PROBLEM

St wdies have leown that there are gwm’cr d:ffereme: i, conmunication st'vlc L

“in the classrion (Hall 1 982). Iir general, mien tend to respond Lo questions more -

" Tconfidently, aggressively; aiid quackly, regardless of the quality of their responses:

they tend ta speak more freely and spontaneonsly in class, fornudating ther
answeers as they speak. Wonen, ot the other hand., tend to wat longer to respond
to @ question i class, choosing thetr words carcfully, reflecting on the question aud
constructng dit answer before they speak. N
These stucies bave also shown that veomer tond to be wmterriepled prare
trequently than men; when this happens, they get the message that thewr contribu-

trms are not as valwable, and they may besitare tojon: discussioms i the hietuere.

RECOMMENDATIONS

Encourage class participation: Allow a wait time before chousing
someone to answer a question. Studies have shown that by waiting,
another two or Hiree seconds, uncomiortable theugh it seems at first,
it is possible to encourage more students to participate in questions
and answers.

~Whom do you call upon? Be aware of whom VOu are calling £ upun,
and how vou respond to” their queslions: .md ANSWOTS. “'tleth have
shown that lecturers tend to call on men more {requently than they
call on women, and that they react more positively to the
responses of men, including coaching their answers. Self menitor,
or have someene else monitor the number of men, women, and

- peopleof color who Speak in vour class. Theresults are often

startling, ¢ven tor lecturers ywho are aware of gemler {and tace
biascs.
Seek outside feedback: Ask semconce from vour college’
education, conurnunication, specch, or theater departments or the
college teaching center to observe your class and give vou
teedbackabout lecture style and the dynamics of the elassroom. 1t

is difficult when lccturmg to concentrate on the content, delivery




' and pahems of mterachons w1th students A trained’ observer can .
~give you valuable feedback about ways to include and encouragg 7
",v_"all students. Some 1n9t1tuhon< have found it uscful to train
' -undergrad uates to act as classroom observers. Another way to .
© “monitor your temhmg is to \'Jdeotape yourself durmg class and

then review the tape later.

Monitor language and materials: Use ¢ gender- neutral langt mgc

refer to female as well as male scientists, and attempt to learn
students” names. Include material that reinforces your support of
women in science, whether it is a journal, a magazine or a book on
gender and science research. This may provide female students
with a greater feeling of connection and inclusion,

Pose a question: Some faculty pose a question at the end of a class,
announcing that this question will start the next class discussion.
This technique extends the time for reflection by those students

who are willing to capitalize on the opportunity.
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'[’ROBI'EM
T When x!mlen. Sicere zsLe’J what they di sliked abowt Jargé classés. women

* tended to respond thai mJJ crmrses woere :mpcrcmml that rl-c pm/mwr didn’t 1‘-':
know who thev weresand trat they felt solated. [ a study of “Stedent erccplrum e
of P'roblems [n Undergraduate Teaching Methods by Sex ™ (Hewatt 19910, thirty
percent of women surveved fisted “professars don't care about you”™ as a problen:,
but no men hsted this as @ prablem. Students were also asked to giee characteristics
of a goad professor. Many women replied that a good professor was approachabie,
friendly, and wanted to knowe the students, Qften, becanse women are wsed to
direct encouragement and personal feedback from Ingly sclool teachers, wupon
reachmy college they feel that learmng s more diffrcidt as a resudt of a lack of close
contact wnh facudey (Sexmar 1992D).

The size and demographics of a college science class pray be qrate different
fromi qehat stidents experienced or gl school. 1ouay be bard for women to niake
friends with the men of the cluss when they find themselves o the mmority, As a
resuli, there can be a level of jormalty oid awkicardness i the classroom whicl
deters women Jron askorg questions, Loen askig what stiedents yay deem to be
Sstuprd T guestions 1s g mreeh less daorting prospect when surrotnded by friends.

_‘-RECOMMENDAHONS S

. Encourage the use of stud} groups Qtud\ grm.pa let ‘:tudcntﬂ
know they are not alone and allow students to process matcrial
more thoroughly by explaining it to others. “Cooperative small -
group work is a more cffective strategy both for achievement and

~ motivation” (Gardner et al. 1989). By cuttm;&J downonthe
competitiveness in a class and enc ouraging cooperatlon, stud\'
groups can be especially beneficial to women. “A necessary ele-
ment for women's success in engineering programs at
Massachusetts Institute of Technology was providing a peer group
or team with whom they could cooperate” (Dresselhaus 1987).

_Encouragement of the use of study groups can be done by
- simply stating-at the beginning of the course that study groups are- .-~ -
encouraged, or by assigning projects or lab work to be done in




groupq Another opt.on may be to glve an a551gnment early in the
~semester for which consultation among class members is hrghly
i} encoura;aed or even required: ‘This may PI‘O\'ldE the push
" necessary to start students workmg together and to stav workmg
E 'together for the remamder of the course. . '

_Create a better sefise of commumty Professors and students

might consider ways in ivhich the studentscan get to hnow one ™
another better in the classroom in order to foster a be ter sense of
community and camaraderie. Work in groups, such as those
mentioned above, provides one such opportunity. During class,
have students discuss a question with their neighbor for a few
minutes before you ask for respenses; not onlv does this give
students time to think through their ideas more clearly, but it also
allows them to meet other students.

Use more writing exercises: Use writing as a tool for
understanding and cooperative learning. For example, have
students write for their fellow students, providing specific
directions for a simple task, or providing an explanation of a
difficult concept for their classmates. This will help foster greater
communication within the class while emphasizing that clear
writing is essential in science.

Rearrange the classroom setting: If p0-<1blc rearrange the
“striicture of the classroom scating. Set up desks ina U-shape or, for
smaller classes, seat students around tables. This can introduce a
level of mformalltv and personal connection to the classroom.
Modifying the way space is used so as to minimize the distance
(physical and mental) between the professor and the students may
 also foster a better sense of community. Moving.around the room -
Adurmb class also allows for increased contact with students..

Start an e-mail list: Start up an electronic discussion list. Make it
possible for students to ask anonymous questions. A chemistry
professor at Brown University who started an electrenic discussion
list for his class found less of a rush at his office hours around
~cxam times; when he asked his students why, they said that the
discussion list had provided them with the opportunity to get




" most of their questlons answered: {by the professor, TA’s or other =
"studenfs) throughout the semester mbtead of waltmg to ask them— -~~~
-all at once. A

_"Use undergraduate teachmg assmtants Usmg undergraduate T/\ .—,"

B lwlps those studefits to gain mon. confldeme in their own- abllltle T
“and an undcrgladuate TAmay seemmore approachable to other - 7
~students in the class, especiallv female students. However, itis .

important to remember that some TA’s may simply remnforce

gender stereotypes and may therefore be counterproductive;
always educate your TA's about these issues and issues of
appropriate boundaries, and monitor the classroom dvnamics in
their sections or labs.

Provide opportunities for the students to meet outside of the
classroom: Somie teachers have found it appropriate to invite small
classes, groups of undergraduate TA's or large classes divided into
sections to their homes or labs either for informal discussions
about their field or for a discussion section of the class. This
provides students with the opportunity to get to know each other
as well as the professor in a more informal environment.

‘ célFT FROM A COMPETITIVE TO A COOPERATIVE.
EDUCATIONAL MODEL

PLOBLEM

It is acommon belief among first-year students that introductory science -
classes aré “weedauts,” and that sich conrses are designed-to eluninate those -~
students in the class whao are not deemed “fit” to be in science. The perception of a
“weeding out” atmosphere discoz:réges many interested students from pursuing
science in college. Some faculty members belicve that “a lack of certain attributes of
ability andfor character distinguishes those who leave SME majors from those who
rentain in thern. Widespread acceptance of this theory allows SME schools and '
departments ... to regard their leaving as a kind-of-‘natural-selection’ process” ———---
(Seymour 1992). In fact, studies have repeatedly shown (Astin et al. 1987, 1988.




(.rcen 1 989 Qevnwur 1992a ) t/JJt asy sllm’enr; " bo Iem'c ﬂ"' i '-1cv< are
antelligent and strougly motivated. but are ducoumged by-the atrm'e _
- dtmmpbyrc and the belief that the depariment 1s trying 1o judge {l)c-xr ab :htw< atan ‘.
Cearly stage. —U{brmgl) many da<ses are dc’algncd to set stidents in competttion,
stidents oflwr rc<pom{ more po:mm’h- to an arrnospberz' of cooperaine Ieammg In-
hir rcqt'anb Elithe Se ymour fownd that o or a third of the students su rid}mg out
“of @ sciciée, wiath or et'qnw( riveg field indicated that one of their primuary reasons
for leaving was that therr “morale was undernuved by competite cultiere”
(Sevmaur 1993) )

Caoperatiee learmng s an approach-to learnmg which uses simall groups of
students warkmg together to solve problems, complete a task or accomplish a
connnon goal. “Small growps prowide a forum mwinel: students ask questions.
diszuss ideas, make nustakes, learn to histen to others’ ideas, offer constructiee

criticism, and summarize ther discoveries inwnitimg " (NCTM 1989).

RECOMMENDATIONS

Faculty who teach introductory sciznce courses should address the weedout
perception so that students are not “seared away” from science for reasons other
than their abilities and interests. By shifting the pedagogical focus away from a
competitive, “weeding out™ maodel to a cooperative, welcoming, and stimulating
model we are likely to retain more talented students. Thcrc are several ways to thft

this focus:

"+ - Address the weedout theor) Some engmvcrmg professors at - ,
Brown University have found it useful to talk to classes about the
weeding out theory, explaining to them that the admissions
process was the weed out and that they expect all their students to
do well. If a professor -has confidence in and high expectations for
aclass — and-tells the class that — students often have more -
ronfidence in their own abilities and perform better.

Change the grading system: Do not grade on a curve; instead, use
a criterion or competency-based grading system. Grading on a
curve forces students to compete against each other for-grades; it
one student scores very high, this automatically results in other
students getting lower grades. Since their g grades-are relative,

students may. be more hesitant to help each other or to work in

';tudv groupe Wthh could enhance thmr own learmnb At the

1 i




~ same tirhe it can be uaeful to gn e qtudents a handout clearly

explaining the goals of the course and your expectations.

Encourage use of the pass/fa:l option: Encourage apprehensi'vf\

students to take the course pa:s/fall this allows them to explore a -

sub]ect of potentlal interest without having to worry as much
about the grade. It also allow's them to base decisions about their”

- future on'how much they are learning and their interest in the - -

subject matter instead of basing decisions primarily on a numeric
grade too early in their academic career.

Address grade anxieties: Stress that performance in introductory
courses is not necessarily an indicator of future performance or
ability. Students must be aware that low grades in introductory
science courses can be the result of a combination of reasons —
such as a weak high school science background or difficulty in
making the transition to the callege environment — many of which
may have nothing to do with science ability.

Utilize cooperative and collaborative work: Design introductory

courses that are more discovery-oriented and cooperative, and
explore interesting topics while not ignoring the “basics.”




. Encomage the use e of studvbroups both formal and mformal in-
class and out of class (see Personalize Large Classes, pg.9).
Encourage the student-as-learner/ teacher-as- coach model. Help

' qtudents to sce that science is not static, that there are quesnonq fO' 3
be answered, and htlp them todevelop critical thinking skills-and -
group-work skills which are used evervday in research by _

~-scientists: Havethen design their own lab to address a question -~ -

~.they have about a topic that has come up in class or about a topic
which s implicit in the scope of the course. (See Works Cited and
Other References for references on cooperative and collaberative
learning.)

VG'AONSIDER A VARIETY OF EXAMINATION OPTIONS

PROBLEM

Exams in college are usnally graded on o curve, Students iz introductory
science e < aften pame and become discouraged when they receive their first
exam grades, not realizing that there 1s a scale. Grades that are n fact above
average may appear to be “bad” especially in comparison to grades received in high-

school-Women i particular “may develop extremely, pcr!mps event excessively,
fiigh standards for rhvmsyh s as a prevequisite for stayig o saence” (Ware et al.
1985).
Students™ different learnmg styles may also cause them difficultios 1enth exants.
A student’s performance on it exant 1s not ondy an wdicator of the stident's
understanding of the course material but also of the cmdl M's respuse (o.a

,!urtmdar examn st\lc and tnue constramnts.

RECOMMENDATIONS

* Explain the grading system: Before students receive their first
grades the professor should explain how his or her overall grading
system works and whether the exams are graded on a curve, to

avoid. any. ‘undue anxiety. Clearly state fhe ov erall goals. and
expectations for students.




=—==%" " Eliminate the curve: Some professors find it effective not to use a
curve at all and instead give students at the beginning of the -
course the total number of points they must attain for a particular

grade. This system helps to eliminate competition among students
and creates a more amicable classroom atmosphere and

» encourages studying in groups (see also: Change the Grading

St System, pg. 12).

¢ Give a word of encouragement: An easy, vet effective, strategy for
professors to undertake is to write a word or two of
encouragement on students” exams — including those students
who did not do well. A professor can also casily take a student
astde and ask if she or he has thought about graduate school.

‘These things take only a minute or two and can make a world of
-l ~ difference to any student. Many scientists have reported that such
small vet pivotal experiences helped change the course ot their
lives.
Follow up on poor exam/lab performance: Request that students
who scored below a certain grade meet with you during office
~hours, or with a TA or knowledgeable dean. This could provide the

student with the opportunity to explore why they think they did
poorly and to discuss ditferent study strategies for the future. This
also provides the opportunity for certain students to be directed to

campus tutoring facilities, study skills support programs, or
learning disability resources that students may have previously
* been unaware of.

-
It




straints on exams may help reduce students’ stress and emphasize

logical, ordered thinking and more in-depth analysis of material.

* Vary the exam structure: A combination of multiple choice, true/
false, mathematical problems, short essav questions and long
essavs may provide students with a better opportunity to
demonstrate their understanding of the material in the course by -
allowing them to present their knowledge in a variety of formats.

(" NCOURAGE ACTIVE PARTICIPATION IN LABS

PROBLEM

Women tend to be more passire vi labs at coed colleges. This may be dwe to
gender differences in socialization (iwhereby boys are mare exposed to mechamcal
tovs than girls), Observations of women at woren’s colleges wi dicate that they
hecome mere engaged wi Libs than ther counterparts al caed colleges, suggestmyg
that greater encouragement by facudty and carefud planug of lab teams can
mcrease engagentent by women e labs.

While labs grve students the opportionty to apply ther knowledge of the
subject, students often farl 1o see the connection beteeeen laly and lecture, As a

learning tool, students cxpect labs to reinforce the material learned w lectiere.

RECOMMENDATIONS

* Divide lab roles: Assign roles (such as note-taking and taking
measurements) to cach member of a lab group and rotate the roles.

*  Emphasize lab/classroom connection: The correlation bebween
what is learned in lecture and what is to be carried out in lab
should be stressed by the professors znd the teaching assistants. If
the connection between the lab work and the coursework is
explained (to teaching assistants as well as students), the lab work
may help some students understand the coursework with which

they may be having difficulty. Some concepts mayv even be much

easier to get across in lab than in lecture’

1/ | -
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correlation between actual research in the field-and their current
lab and/ or coursework can encourage more interest in the field of

study. Professors should encourage independent lab studv, and (if

possible) spend a class showing the students around their oswvn
research labs.

Provide an open-ended structure: Give introductory-labs a more -
apen-ended structure. The student is forced to think about the lab
rather than follow “canned” instructions to already known
answers. Emphasize the path to the solution, not just the final
answer, and encourage students to share the diverse paths they
have taken to get to solution.

Have students design labs: Give students a topic or issue thev
must explore through a lab exercise and have them design the
exercise themselves. This exercise may give students a sense of
“ownership” of the lal which may help to motivate them to
participate more actively and which may help them gain mare
confidence through the experience. Having students design the lab
themselves mayv also enable them to gain a better understanding of
the topic or problem being addressed.




{%IGHT NARROW STEREOTYPES OF SCIENCE

PROBLEM

Students are deterred from constdermg science as a career because of negatie

wrongrrogd v detired maages of <oentisgs presented by the medir and soaety
weneral. When bundreds of sl and tenth graders iwere asked to draie a scientist,
almost all drewe preeres of @ “nerdy ™ wlate male wenth a3 heard and glasses wearing
dchie Ll coar  Gardner eo 2l IS Wl donized pnages of women as scientists,
i 1:'7["”‘;' {kn‘ TLitg ;,':rf: dad wonien o nhagine themselves v the fu;[d. Ou the
other hand kv arcientist personally may make 2 wonmas much more hkely
Lo prersice Doy mteresss orthe scrences: o an oormad survey bythe GISE at Bronen
Ui eraeey, the neost mportans actor determpung whether awonvonwed! pursice
SUICU ¢ ST CTreer teads 1P s acation f Per mather and ar fither.

Mam people also bave negance and wareoe mages of science as o disciphne,
cdrees or g conerse ot stedy Moy ovoung people see the study of saence ot
sedr et as deadoig primaridy (o a freld pthe sulitary, This s dllustrated by
numierons exdamples draen frome the nulitary e college texthoaks and o the
medi’s portrayal of scrence, Winle this may be a posttive connection, st proluably
appeals to mre men then waomern and may gree the napression that scrence Las a

very marrowe range of applications.

The pasitive benefits of SEF jsaence and cugmecringf research

and development bave not been the provary focus of the pueblie
tsatage, nor have science and exngacermg een viewed by the

pichlic as cnnabling carcers (NAS 19891,

Stdents frequently belicee that science classes are too difficidt and 100 tone

consiomng, witlhout secorg the patential benefuts of science or where a particudar

sctence course fits on the “lig puctire.” This deters some students o are

wndecided or therr area of study from ever taking a scence class,

RECOMMIENDATIONS
It 15 difticule to counter stereotypes that are so ubiquitous. Nevertheless, some
steps can be taken:
- * Applications of science: To shed a positive light on science, pro-
fessors can show applications of the coursework so the students




can connect what they are studying to the “real world.” One physics
professor at a NECUSE school altered the examples used in class so
that the problems he presented were based on a mix of scenarios
that were accessible to a range of students. He limited both the
number of military and sailing examples, believing that they
reflected neither the interests nor experiences of most students.

Science education should ... emphasize life fearning and
life skills. The percerved relevance of seientific process and
content to everyday life experiences is a factor in scienee
interest and participation at botl the pre-college and
collegiate levels (Gardner et ai. 1983).

Labs and sections are often an effective place to stress such
applications if they relate directly to the coursework (See also
Encourage Active Participation in Labs, pg. 16).

Show alternatives to and within academic careers: Faculty at four-
vear colleges tend to only invite faculty from other academic
research institutions to give colloquia. Consider also inviting
scientists who work in government labs and industry, as well as
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which a solid understanding of science can be valuable, such as
law, education, science writin -, and public policy. Speakers may
also be willing to meet with dasses or to present less technical -
fectures to undergraduates.

Discuss the value of a science education: Talk to ymir students
about vour views of science in general. Discuss the skills one gains
while pursuing an undergraduate science degree and how those
skills relate to life skills. It may also be helpful for students to hear
about the value of undergraduate science training even for those
students intending a career in a very different field.

Outreach to primary and secondary schools: To confront these
stereotvpes when they form, some professors and undergraduates
participate in science workshops and outreaches for elementary
and secondary school students. Not enly does this work to change
stereotvpes at a young age, but it can also help the college students
gain more confidence in their abilities by enabling them to see
themselves as role models for younger students.

7,

«/ ROVIDE DIVERSE ROLE MODELS

PROBLEM

Womers e d exprosire o nale aad femaleomentors for alt the reasons stated o
frerioe steps Marn wondereradeatcs ond seamier o science e the miportanee of
Hecn nndlcovoic prededs o mientoas g asastong themy g therr pursiat of @ scfence
carerr, Wande waen bare bees mmpomtant colivagioes advacites, rofe madels, wnd
RIS For 1 e SCHen L, weomten stdents alse veed exposaere to woment weho

are et oy SME efds Tz cnli G Lang beld Beliet thae,

P rold bon netieonk webach drane < prromnsinge male students
prtoresearch projects and mentored relationsbips with facele

tends by exclude women (Sevmour 199201,

D additon, there are a lack of female and male role models m scrence wio

bar e suceessfully balanced work and ontside mterests, Often college women are




thinking ahead to their hapes for children and a famuly, but cannot find many role
models who are women and mothers, and who manage to balance the needs of
both job and famuly life. More and more wndergraduates, both men and women,
are looking for examples of scientists 1wha pursuc interests autside of the lab

without sacrificing their careers.

RECOMMENDATIGNS

When students see people like themselves in a field, they are much more likely
to create goals for themiselves within that ficid because it appears more accessible.
Women students need exposure to women with a variety of life-stvles who are
successful in SME fields so thev can beheve science is accessible to all, especially
people like themscelves.

* Female faculty: Ultimately, the best solution is to hire — and
retain —- female faculty who can serve as role models. Women
faculty members who have families can also choose to share their
stories about balancing work and family. “The faculty are very
important in creating an environment that is supportive of women
students” (Finholt 1990). According to the National Resource
Council, “the presence of women faculty at all ranks” would be “a
signal to women students that they will be respected and treated
fairly” (NRC 1991).

+  Utilize women TA's: While increasing the number of women
faculty takes time, employing women graduate and under-
graduate teaching assistants can be done more quickly. Also, make
sure that your TA’s recognize the importance of their role in
students’ learning experiences.

*  Guest lecturers: Professors can provide role models for students
by bringing guest lecturers to class to talk about their experiences
in science or to give a lecture in their field of expertise (NRC 1991).
Female scientists, including post-docs and graduate students from
other universities, government and industry, can be invited to give
colloquia as part of a department’s regular colloquium series.
Many speakers will also be more than happy to meet with a group
of female students before or after the talk. Both male and female
students from the introductory or intermediate level science
classes can be invited to attend the talk.




Acknowledge women’s contributions to science: Mention the
contributions of both female and male scientists when appropriate.
Instead of simply mentioning a scientist’s last name, include the
first names of women scientists so that students do not assume
you are referring to a man. A textbook with pictures, not just brief
menlions, of women scientists can also make a very positive
impact on students. It is true that choosing a good textbook can be
a tricky process. In a study of textbooks by Jane Butler Kahle,
“women, for example, were ... pictured in approximately 50% of
the illustrations. However, their meaningful contributions were
seldom cited or referenced” (Kahle 1985). For more information on
the historical contributions of women to science, see Margaret

Rossiter’s 1982 book, Women Scientists in America: Struggles and
Strategies to 1940. '

Act as a role model and mentor: Professors themselves are in
positions to be excellent role models. Try meeting with students or
groups of students informally. Talk about how you became
interested in science, your life as a scientist, and whatever vou feel
comfortable revealing about your personal life. A teaching
assistant can serve as liaison to help arrange an informal meeting,.




PROBLEM

Some students perceee that faculny are too busy 1o @tk or meet with them. in

a study by Naney Hewendt and Flaine Sevmiorer, 129 of mieneand 20% of women

mdrcated that “professors bave no tone for studenis " citmg this'as a probles u

undergradiate science courses (Hewrtt 19910, Conversely, many of the prifessors —
mterviewed by stidents i the GISE progect did ot geel this was the case. The
factdty complamed that very few stiddents came ta office bowrs even thowgh this
teeas tony mtenttonally set asule for ther stedenis. 1t mav be that professars are not
commterteating thewr interests accurately or adeguately to the students. However, a
prafessar’s willvgness to provide belp is nat the only factor infleencing a sticdeat's
deciston to seek hetp from any particudar faculty member or graduwate TA. There
are often other factors present that wdtwately deter students from gettmg the belp

l’)(,’:\' ”l'(’«i.

RECOMMENDATIONS

Make yourself accessible: Remind students throughout the
semester that their questions and visits are welcome so they don't
feel that the short mention of office hours on the first day of class
was onlv a formality. Give students an e-mail address where they
can send questions. Also, encourage students to utilize their
teaching assistants for hclp and.then stay in close touch with those
assistants for feedback about what thev are hearing.

Leave the door open: Leave your door open, literally. Sexual
harassment is of real concern to women in science; if is important
to create an environment of mutual respect, free from intimidation
and bias. Leaving vour door open sends a message that the
conversation is nat private or of a personal nature. Let the student
decide when to shut the door as it is sometimes appropriate to
discuss test scores or course standing in private.

Also, arriving at a closed door during “open hours” mayv make
students feel that they are interrupting vou, even when they arrive
during office hours.




Require a student visit: Requ

in the first two weeks of class, just to make sure that every student
gets introduced to her ot his professor. This could also be a good
opportunity to get to know something about the students as
individuals, such as why they are taking the course and where

they see themselves going in the future.

ZOSTER SFI F-CONFIDENCE

PROBILEMN

Womnerr ne onr socieey oftea e an extrinsic sense of self weorths; that 1s they
butre a tendenoy, more so than wien, to place a bigher value on whar others think of
them I additvon, womten are more Lkely to oy the Dlane arnernally — to are
then oien madegracy s the conrce of Bttty ™ whes encountenng problems;
whereas "oen Jtesd] to place responsibiity: for difficietees autside themselves”
Ware cral, FONS1L A male student’s response tao a fioar test grade, therefore, may
be tor blame the exanmation Jas @ poor wdge of bis kanaweledge or to blame the
frojessar for pradequeaately preparmg bon jor [":v(‘ exXQnIation.

Womten are more likelv to believe they are wmntelligent when they recene pest
one bad exant grade and are or general less confrdent of their perfermance,
Subsequently they make lmpurl.lﬁl dectsions, such as the decision to change majors,
based on either an nraccurate appirasal of thewr perfarnguce or on an wmsifficient
amenond of data, sich as one poor test grade.

I tact, o study of undereradiate nology magors, Marsha Lakes Matvas
deternuned that the women nr her sample bad Ingher average GPAs than men, but
dropped the mazar at a greater rate becawse of personal factors (Matyas 19881,
Reticecrr T0% and 80U of females who siestched owd of the science track felt
discowraged and suffered i loss of self-esteem cven thongh their grades were the

sdime as those of nier: (Seymaour 19931

RECOMMENDATIONS

Provide personal encouragement: Be aware that women will be
more likely than men to perceive their performance as less
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m\[hlddon than ivisavrealityyand theyaremorelikely:than: menff—»rv-- =
~ to attribute this supposed unsatisfactory portormance to

themselves. Provide encouragement to students and suggest
oppuortunities for summer research, either at the university or at a
summer program sponsored by another university or lab.,

Rememtber that even small twords of encouragement can have a
-powerful positive effect an a student and are remembered for

vears.

Provide experiences that foster students’ confidence: Women's

success in science can be influenced by an environment that fosters
self-contidence. Self-confidence in the science classroom is
bolstered by providing a variety of participatory experiences. At
Alverne College, an all women's college in Milwaukee, “science
classes, particularly the introductory ones, are structured around
cooperation ... this shows our women that thev can do ~cience. It
gives them the self-contidence to continue on” (Alper 1993),
Science faculty at women's colleges realize the importance of
woemen handling the lab equipment; at coed institutions women
otten watchas their mate classmates conduct the experiments.
Provide research opportunities: Summer or academic-y car
research opportuntties offen allow stodents to get a better sense of
the purpose of what they are learning in the classtoom A rescarch
project may also help students to recognize skills and abulities that
mav net have been utilized in their dassroom expericnces. Fosttiy e
outstde experiences can help increase students” contidence i their
ability to “do” scicnce. Working with a faculty member or other -
rescarcher also provides students with the opportunity to find role
madels and mentors and to develop a better sense of what a
research career in science would entail. -

Form a Women in Science program at your school: (;.od support
systems for women can increase the percentage of women
eraduating with degrees in the sciences to higher than the national
average. For example, in [989-90, 24% of the engineering,
graduates at Purdue (swhich hosts a strong program for women in
engineering) were women, compared to the national average of

only 15%. These programs can address many of the personal and




g‘;}éiiacadem::issuefaffECtingiwoménfihrscieﬁc'e';f such as alleviating ™

o feelings of isolation, helping women to form support'and

- professional networks, and providing mentoring opportunities.
Talk to faculty and administrators in the Dean’s Office, or at the
Women’s Center, about establishing 4 Women in Science Program
that can provide co-curricular support for women.




Alper, Joe, 1993, “The Pipehine s Leaking Women All the Way Along.” Saence,
260: 409411, o -

Astin, AW, et al. 1988, The Amerrcan Freshan: Nattonal Norms for Fall 1985:
UCLA: Higher FEducatnon Research Insniture. As ited in Sevmour 1992D, 231,

Astin, AW, K.C. Green and WS, Korn. 1937, The Americar Freshnnam: lu_'cnf‘y
Year Trends. UCT A Higher Educanon Rescarch Instigute. As cited i Sevmour 1992h.

231,

Cook, Thomas and Steven Dvche, May 19870 " Bonus Homework, Study Group,
Iarr Test. And Test Retake. ™ Journal of Codlege Science Teacknyg. :

Dresselhaus, Mildred. 1937, Personal communication while Phi Bera Kappa
Vistong Lectarer at the Universioy of South. Carohina., As cired Rower 19849, 373,

Engmeering Manpower Commission. 1987, Fugmeering und “Technology
Frrollnents, Fall 19856, Washington, DC: Amernican Asodunon of Fnginedring
Societies. As cited in NRC 1991 30,

Finhole, Tames B, 1990, *Carlion Chemastrv: W\ suceess stosy for women.™ Tn
Sandra Z Keith and Phallip Keath, eds, 1991, Prececdanes -f e Natzonal Conterence on
Wormen Mathematacs and the Moencocs, st Cloud, Minnesota SeoClond State Uhiveran,
As ated in NRC 199y,

Cordner Aprd [ Chandd T Masan, Maesha Dakes Many e, 1989 2 F Guns

“
[IENTSIERN

Fuoellenee & st Phan Good feacihane e Amerecor B doey Teacker, S0 72

Coodvhedl, oMU NLhen Vo Tosto B osacch 0] Mo Grepor 8952 il d e e
Toning, Adomretook for Higihon Lidoc st VS N e res on Dot ocagnden

Teactnmy Fearmme ind Assessnien:.
Coormch, Vivranm, P985 Woonor o0 Soiene oo New Yorke Sinon aaad Schusrer

Grreen. Kenneth v s =4 Proede o Uaderae ndenites e the Soeqeed 7 e

Angerrcan Screntiat, SeproOc A7 5d800 Ve ced mosovmonr [uslbh 250

T, Roberta M. 19S2 The Clisar o Cloprte: A CL Oie o0 Woniien I’rr-.;t;'.

ot the Status o Eduecation of Women, Assacianon ot Amercan Colleges, Waishingroy,
D.C. '

Hewirt, Nanev M.oand Flame sevmour 1991 Factors Contridietong to Higle
Attrition Rates Among Scrence, Matbematics, and Engoeeermge Undereradiate Magors.
Boulder, CO: University of Colorada. As cited in NRC, 199229, '

4
Humphreys, Shetla M. 1952, Women and Mmorties i Serence: Stiategies for
Increasmy Parncipation. Boulder, CO: Wesrview Press.




e Joe 19935 The Pipeline i Leaking Women Al The Way Along:™ """
- Scterice; 260: 409:411. - SRR R

Asun, AN et al 19880 The American Freshman: National Nornes for
Fall 1988, UCLA: Fhgher Fducanon Research Institute. As cited in
Sevmour 1992b, 231,

Ason, AW K.CL Green and WIS Korin 1987, The American Freshman:
“Treenny Year Trends, UCLA: Higher Educaton Research Instrure.
As aited in Sevmour 1992h. 237,

C ook, Thomas and Steven Dyvche. Mav 19870 " Bonus Homework, Study
Group, Pair Test, And Test Retake.™ Journal of College Science
Teacking.

Dresselhaus., Mildred. 1987, Personal communication while Phi Beta
Kappa Visiting Lecturer at the University of South Carclina. As cited
Rosser 1989, 373.

Fagmeering Manpower Commussion. 1987, Engineering and Technology
Enrollarents, Fall 1986. Washington, DC: Amernican Association of
Engimeenng Soctenes. As aited in NRC 1991, 30.

Finholt, Jame« E. 1990, =Carlton Chemistry: A success story for women,™
in Sandra Z Kaich and Phllip Keth, eds. 1991, Proceedings of the
National Conference on Waomen Mathematies and the Sciences. St.
Cloud, Minnesota: St Cloud State Universiry. As cited in NRC 1991,

Gardner, April L., Cheeyl L. Mason, Marsha Lakes Marvas. 1989,
*Fquity, Excellence & *Tust Plain Good Teaching'.” The American
Biology Teacker, 5112): 72.77. )

Goodshello AL M Maher, Vo Tuwo, B, Smich, | MacGregor, 1992,
Collaboratrre Learnmg: A Sourcehook for Hagher Edwcation. USA:
Nauvonal Center on Postsecondary Teaching, Learming, and
Assessment,

Gormick. Vivian, 1983, Wossen i Serentee. New York: Sitmon and
S huseer.

Green, Kenneth C. 1989, % A Protile of Undergraduates in the Sciences.™
he Ameriean Screntist. SeprsOet. 475-480. A aieed in Sevmour
1992h, 231

Flall, Reberta M. 19820 The Classroom Chmate: A Chidly One for
Wormen, Project on the Sratus of Fducation of Wamen, Association
of Amerivan Colleges. Washington, D.C.

2Y . BESTCOPY AVAILABLE




“Hewitr, Nancy M. and Flaine Sevmour, 1991 Factors Contribring e High= -~

e Attrreron Rates Among Science, Mathenaties, and Engmecering Under-

graduate Marors. Boulder. CO: University of Colorado. As cited in NRC
1992, 29, :

Humphrevs, Sheila M. 1982, Women wird Momonnes i Science: Strategies for
’ Increasimg Parnciparion. Boulder, CO: Wesrview Press.

Kadel, S and [ Keehner. 1994 Callaborative 1earnmg: A Sourcebonk por
Higher Fducatron, Volwme 110 USA: Naronal Center on Postesecondary
Teachmg, Learmng and Assessmenr.

Kahle, Jane Butler. 1988, “Recruement and Rerentie.. 5 Women in College
Scrence Majore™ Jourad of College Scence Teackig, Mateh/April: 382-

384

Kable, Jane Budern ed. 19850 Women i Saence: A Reprort Frow ¢he Field,
New York: The Falmer Press. 32064,

NMarvas, Maesha Takes, 1992 2 Overview: The Status of Women i Science

and Eoginecring.™ Scrence and Fuagmeermg Programs: On Target tor
= Wonren? CSWE Washimgron, DO Navonal Academy Press, 151160,

Marvas, Marsha Lakes, 1989 *Predicnion of Atrrnition Among Male and
Female College Brofogy Majors Using specifie Atntudmal, Soao-culrurai,
and Tradinenal Predicove Vamables,™ PhaD. Theas, Purdue Universiov, A
ctied in Kahle TYRS.

MoCarthy, Bermee, 1985, 2 The 4 MAT Sestem Teachimg to Fearning Stvles
with Right/T et Mode Techmqgues,”™ Baremgton, 11

MoRvadhie, WO Piench, Y. Dins DL Smrh, and RO Sharma. 1986, Teacling
and Learming m the College Classroom: A Reviete of the Rescar )
Lueratiere. Nhichigan: Regenis of Uiverary of Michizan.

Mulling, Ina V. and Lyvnne B, Jenkims, 1988.-The Science Report Card:
Flewments of Risi and Recorens, Trends and Adbicy cments based on the
te8a National Assessment. 'nnceton. NJ: Fducational Testing Service.
A ated in Sevmour 19920, 230.23] ’

Natonal Academy of Sciences (NASY, Comnuttee on the Conduct of Science.
1989, On Bemg a Sciennst. Washmgron, DC: Navonal Academy Press.
As ated i NRC 1991,




, Qu.zhrv n}‘ Frgineering | {m ation (111 . ( orimittee on tlu Qualm' ot
Engincering Educanion, Commussion in Education for the Engineering
Professions. Wasiungron, DC: NASULGC As cited in Seymour 1992b.
230-231.

Natonal Cénrer on Postsecondary Teaching, 1 earning and Assessment
NCTEAS 199d, Whar Works: Baldmg brfective Collabarataee
Learnpey Dxperence: National Conference on Collaboranve Learning.

USA: NCTLA.

Nattonal Councti of Teachers of Marthemanes, Comimission on Standards for
School Mathemates, 19549 Currcuchiens and Fraluanaon Standards for
School Mathematics. Reston. VA The Counall

Navonal Revource Councatl: Commiteee on Women o Saience and Engineer-
ing. 1992, Sarence and Engoreerg Programs: Oln Target for Waoren?
Woshmgron, D O Natonal Academy Press.

Natonal Resource Counal: Commutree on Women in Scaience and Engineer-
g, 1998, Woren v Scrence and Fugmeerig: ncreasmyg Therr Nunibers
vr the 19905, Washington, DC: Navonal Academy Press, 727

National Sarence Foundanon. 1989, Forergn Students Aceonnt for Most
Groweth m Gradwate Science and Fugmeerng Furollment, Science
Resources Studies. Washmgron, DO NSE As ated i Sevimour 19924,

A0-231.

Rosser, Stey ed. 19950 Teachmg the Marority: Breakog the Gender Barvier m
Scrence. Mathenaatics, and Fagieering, The Arhene Series, Teachers
Callege Press.

Rasser, Sue 19900 Feruale Friendy Sowence. The Athene Series. Pergamon
Press.

Rasser, Suc. 1989, “Teaching Techniques to Attract Women ro Science:
Applicavons of Fenumist Theories and Methodologies.™ Women's Studies

‘..—.

[nternatronal Forune, 12(31: 363

Seiberr, Eleanor DL Women in Saence? ™ Joural of College Science Teachimg.
MarchiApril 19492, 269-27].

Sevmout, Elaine. Lecrure. “Why Are the Women [ eaving?™ NECUSE Confer-
ence. Brown Umversity, April 10, 1993,

3!




Su.mnu" Elaife 19925 = The Problem ﬁhc i fathematics:
Fngineering Fducaton: Student Explananons tnr Figh Attriion Rares.™”

Jotrnal of College Scicrice Teadliny. February, 2340 --232,

Sevmour, Flamne. 1992b. “Undergraduate Problemis with Teaching and
Advising in SME Majors: Explaning Gender Differences in Atention
Rates.” Jonrnal of College Scionce Teachmg March/Apnl, 284 - 292,

Tobias. Shéila. 1992, *Women 1 Sachce - Women aond Saience.” Jourmal of
College Science Teackomg, ApnibNMav, 276-278..

Tobuas, Sheila, 19900 Theyre Not Db, They re Different: \m[ng.rlv
Second T, Anzona: Rescarch Corporaton.

Ware, Norna Coand Vo Lees 1987, =5en Ditferences m the Chower of College
Screnee,” Unpublisiied paper, Radehitte College, As ated in Kahle 198K,
IR2.

Ware, Norma UL Nicole A steckler, and fane Tessermon. 1983, “Undergradu-
ate Wonren: Who Chooses 1 Saence Magors ™ Jorrnal of Fligher Fdieca-
fron, S6, 00 T84,

Widnail, Sheilla. 19585, "AAAN Prevadennal Lecture: Voices trom the Pipe-
line.™ Serestce 2410 17401748,




Office of the Dean of the College
Brown University
Box 1939
Providence, RI (02912

—Z . -~
B} S Y XY




