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PREFACE 

The first international GASAT-conference 

(CASAT = Gir l s And Science And Technology) 

was held a t the Eindhoven University of Technology (THE) 

in Eindhoven, The Netherlands , November 9 - 13, 1981 . 

These PROCEEDINGS give a report of that conference. 

The text of the papers, discussed during the conference 

and used as material for those discussions, is publ ished in 

Contributions CASAT-conference 1981. 

In the congressbook CIRLS ,AND SCIENCE AND TECHNOLOGY. 

CASAT- con f erence 1981 mo re info rmation is given about the 

conFerence , its bac kg round and the prospects. 

Jan H. Raat 

Jan Harding 

Ilja Mottier 

Eindhoven University of Technology 

Decembe r 1981 . 

Mai I ing address: 

Jan H. Raat, 

THE, Postbox 513, 

5600 MB Eindhoven, 

The Netherlands . 
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1. PREPARATIONS OF THE GASAT-CONFERENCE 

1.1 Deliberations leading to the GASAT-conference 

On recent years in The Netherlands as in other Western countries people 

learned to pay attention to the question of the disadvantage of girls and women 

in the education of science (especially physics) and technology. Here, in The 

Netherlands, there was a workshop "Girls and Physics" (Woudschoten conference, 

1979) and the publ ishing, as a di rect consequence, of the report "Marie, word 

wijzer .. ... van natuurkunde" (i.e. "Girls and physics education")(Mottier, Raat, 

1980. ) 

Prof.dr. Jan H. Raat and drs. Ilja Mottier visited dr. Jan Harding, who 

chairs the Girls and Physical Science (GaPS) sub-committee of the Association for 

Science Education (ASE), at Chelsea Col lege, University of London . She reported 

visits from several people from different countries, who were interested in the 

same problem. The idea arose to have a rather small international working 

conference for those working in the field of reducing women's disadvantage in 

science and technology . 

In The Netherlands there were the HANDROVER-project. deal ing with sex roles 

in textbooks ; started in 1979 (Mottier) and the MENT-project. dealin9 with 

gi rls, physics and technology ;started in 1981 (Raat). 

A grant from the Dutch Ministry of Education helped to real ize the idea-

and the GASAT conference 

CASA T GirZ s and Saience And TechnoZogy 

was held in Eindhoven, November 9 - 13 , 1981. 

1.2 Organization of the conference 

The conference was organized by the Department of Education of teachers 

of physics and technology of the Eindhoven University of Technology (THE), in 

co-operation with the HANDROVER-project on sex sterotyping in textbooks, and 

with Chelsea Col lege London . 

The preparatory committee : Mathieu Dumont, ir. George Itz, prof.dr.Jan H.Raat, 

Marja Rooijakkers (secr.), drs. Gerrit Verkerk - (THE); the programme and paper

committee: prof.dr. Jan H. Raat (THE), drs. IIja Mottier (HANDROVER-project), 

dr. Jan Harding (Chelsea Col lege London). 
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1.3 Invitations to the conference 

After the decision to organize the GASAT-conference in 1981 was taken, an 

invitation was sent to possible participants. The maximum number had been 

fixed at 30 (20 from abroad, 10 from The Netherlands)·. 

Here we quote from this invitation: 

"1 .4 BackS roun~U:~U~~U~?~!_1? :~~l ~T_ 
Girls and women stil I have a disadvantage in science (especially physics) 

and technology, as has been shown by many statistics of the last decades. 

Investigations show that probably most of the causes have to be found in 

sociological circumstances. Society as a whole, education at home as wei 1 

as in the schools, offex more and better opportunities to boys to learn 

science (especially physics) and technology. 

Many researchers assume that the way inwhich physics and technology are 

presented in schools also gives girls less opportunities. 

So one could say that girls and women have at least a double handicap, when 

learning science (physics) and technology: 

10 they may enter the lessons in these subjects wi th a less pos i t i ve att i tude 

and 

2
0 

the content of physics and technology, as offered at schools, and 

the way of presentation attract boys more than girls. 

1.5 !~~_~2~~~9~~~~~~ 
By this girls have smaller chances, when entering a vocational training 

or when choosing a job. Many attractive professions and jobs are much less 

accessible for girls than they are for boys. 

Secondly, by.disadvantaging girls in the field of education of science 

(physics) and technology, one is wasting talent. 

But the most serious grief is perhaps: girls, being systematically 

disadvantaged in the education of science and technology, enter the 

adult 1 ife and society with less formation in such an important 

part of the cultural as well as the professional world as science 

and technology are. 

a. We now bel ieve to be at the point that, whi Ie in many countries one has 

some experience in tackl ing the problem and at the same moment in other 

countries people are starting to see what one could do to make science 

and technology more attractive to girls, it is rather important to 

collect the experiences existing at this moment . 



7 

Maybe it is even more important to bring toget her those who rea lly are 

involved in research now, in designing and/or s tartin g programs to get 

more girls to the study of science (physics) and technology. 

The problem, for this first conference, is - as we see it now- concentrated 

on the science and technology students of secondary schools (students 

of age 12-15 (18)years) . At that age most choices have to be made. 

So, as for us as organizers of the seminar, we 1 ike to declare that 

the main problem the conference wi I I be deal ing with i s: 

what can we do to make science, especially physics and technology 

more attractive to girls; how can we achieve that girls, when studying 

science and technology, have the same opportunities as boys have; 

that girls have the s ame results in science and technology as boys have . 

The problem i s concentrated on, but not restricted to the secondary 

school students. 

b. We hope and expect, that this conference wi 1 1 be fol lowed by more on 

the same topic, the problem of the disadvantage of girls in science and 

technology being at the same time too complex to be solved in one 

seminar and serious enough to go on to over come it. 

As a separate purpose of the conference we see the preparation of the 

second one. 

Those women and men are invited who are actually invol ved in programmes, 

investigations, pol icy regulations. 

The main part of the participant s are the women and men, who bring some 

experience of the conference-subject, and are looking for taking home what 

they learn from others at this point during the congress. 

Since i~ The Netherlands of al I scientific subjects girls are most dis

advantaged in physics, we put the accent on physics (and technology) . But 

participants from other countries may have other experiences and may wish 

to stress other aspects of science". 

Thirty participants attended the confe rence , the names and addresses are found 

in Appendix A. (The Belgian participant and one from the USA cabled on the first 

day of the conference that they were prevented by personal reasons from attending.) 

Although approaches were made to Denmark, Italy and France no participant from 

these countries could be contacted in the time avai lable. Invitations were also 

sent to Unesco , Counci I of Europe and the European Committee. The representatives 

showed themselves highly interested in the topic, but heavy workload and other 

commitments made their participation impossible. 
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J.8 ~9~f!r!~~!_~!~!r! 
In answer to the invitations a number of papers were re ceived. Twenty-one 

contributions were accepted. Some more were produced dur i ng the conference. 

The I ist of the papers is given in Appendix B. The full text of the papers can 

be found in : CONTRIBUTIONS GASAT- confererwe 1981. 

The CONGRESSBOOK, ('IRLS AND SCIENCE AND TECHNOLOGY . CASAT- conference 1981 

to be publ ished spring 1982. wi 11 include the contents of the papers, 

summarized by nat ion. 
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2 . THE GASAT-CONFERENCE. 

Ms. ir. B. ten Zeldam, deputy secretary-general of the Dutch Ministry of 

Education held the opening-address, Monday, November 9th. 

An address of welcome was given by mr. drs. H.J. ter Heege, president of the 

Board of THE. 

2.2 !~~_Q~99~~~~~ 

Tuesday, Wednesday, Thursday, November 10, ", 12 were used for discussions, 

in groups as well as in plenary sessions. The final session on Friday, November 13 

was devoted to the discussion of the group reports and to the expression of the 

RECOMMENDATIONS. 

Before the conference the participants received a copy of the papers 

(nrs . 1-21). As they were asked to have studied them before arriving at Eindhoven 

no lectures were given; the discussions started right from the beginning. 

A series of questions had been extracted from the papers by dr. Jan Harding. 

These were given to each participant on arrival (Appendix C) . 

During the conference time was set aside to show videotapes: 

- Jan H. Raa t p resen ted a vi deo- tape of the pendulum-experiment show i ng 

the different role-behaviour of 13-year-old girls and boys, when doing a simple 

experiment in physics (girl-boy interaction; boy-boy interaction ; girl-girl 

interaction and boy-girl-girl-boy interaction). The tape can be used to demonstra te 

this difference to teachers in pre-service as well as in in-service training. 

The experiment has been described by Mathieu Dumont (paper nr . 20). 

- Deanna Ch i taya t presented some vi deo- tapes prepa red for the SEISMIC- project 

(paper nr. 3). These showed stimulus used in small leaderless groups of teachers 

to enable them to examine their assumptions about sex stereotyping and s ituations 

showing men and women in a-typical jobs, to be used in classroom discussion 

with pup i Is. 

The conference work started Tuesday morning with a plenary session. 

Although al I countries present have problems in attracting girls into science and 

technology, those problems may differ in detail because of the differences in 

the various schoolsystems. Therefore the first hours were devoted to a brief 

explanation of the schoolsystems of the countries represented and to the place 

of physics and technology in these systems. 
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After a short plenary discussion the participants split up in four groups. 

The groups came together without a special programme, but wi th the intention to 

discuss freely al I possible problems, to compare opinions, to see where consensus 

existed, and then to report back which specific points they thought the conference 

should devote attention to. 

The result of the first discussions was that three main topics were 

identified: teacher education, support of women , and curric~rum and teaching 

material. These three groups spent many hours working together. They wrote down 

their conclusions. 

These were distributed and commented upon in plenary session by all the 

participants. 

2.3 ~~9~~_1~_!~~~~~~_~~~~~!i9Q 

The group was formed by: 

Deanna Chitayat, Cathal ijn Drukker, Jan Harding, Jan Hoogeveen, George I tz, 

Lena-Pia Lindholm, Don Low, Isabel Romao, Marja Rooyakkers, Svein Sj¢berg and 

Gerrit Verkc,~. 

The teacher education group wants to influence teachers' assumptions about and 

attitudes towards girls in science and technology and to do it in such a way that 

no extra resistance is created. 

Therefore a number of activities is suggested: questions, discussions, 

development of materials. Finally research topics are formulated. 

1. To challenge teachers' assumptions about girls in science and technology. 

2. To prevent extra resistance. Since science teachers may be suspicious 

about behaviour changing techniques, it is necessary to enter gently. 

Put questions I ike: 

- why teach science? 

how many women work in various activities? 

- what qual ities do males and females possess? 

- what qual ities are needed to study science? 

The level of awareness varies, possibly from cognitive (less threatenin~) 

to affective (more personally involved). 

We can order a sequence of que s tions accordingly: 

(i) How many women/girl s are studying/working in the field of science and 

technology? 



(ii) Why do we want more girls in science and technology? 

(i i i) How do we affect the situation? 

11 

With questions 1 ike these in mind, the following sequence could be 

used, for example in workshops: 

(i) A qu i z: 

Guess statistics about real situations of women and men in occupations, 

girls in subjects at school, in textbooks, etc. 

Then confront with the correct answers (possibly statistics of different 

countries); discuss (with a prize for the best answers! ). 

(ii) Respond individually to a 1 ist of 'why teach science' reasons. 

Discuss in group, defending and attacking positions unti 1 consensus 

is reached. 

(iii) Respond to a list of qual ities needed to study science. 

(iv) Respond to male/female qual ities. 

These lists should be generated by discussions with groups of teachers 

(probably physics, chemistry, biology and technology teachers separately). 

Each activity should include stimulus material for discussion, such as: 

- virleo (if finance available); 

- sl ides and audiotape; 

- pictures, posters; 

- printed materials. 

But care should be taken that they carry conviction, and don't seem al ien 

to the groups which use them. 

These materials should be available internationally through a RESOURCE BANK. 

1. Longitudinal case studies of intervention. 

These may be difficult to carry out methodologically 

but may be valuable to feed as evidence to teachers 

and also may show difficulties in bringin~ about change. 

2. Evaluation of strategies. 

(i) Formative evaluation: continual monitoring, perhaps selfmonitoring, 

of changes in expectations 

(i i) Scale to evaluate sex role attitudes, which could be used in 

pre-course and post-course situations 
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3. Teacher/boy/gi rl interactions. 

(i) Frequency of interaction 

(i i) Quality of interaction type of questions, praise, 

behaviour, etc. 

4. PossIble male/female bias of appeal in topic presention, 

images, analogies and words. 

5. Test construction: 

- science anxiety 

attitudes to science 

- attitudes to technology. 

Existing attitude scales were largely generated with boys. 

They maybe inappropriate to use with mixed groups, or with girls. 

6. High/low performance situations. 

Identification and study of mixed schools with different outcomes e.g. 

of girls choosing to work in science and technology. 

The group was formed by: 

Mary Anderson, Ruth Anne Cade, Geoff Chivers, Mathieu Dumont, 

Janet Ferguson, Lucile Fink, Ineke de Raaff, Barbara Simpson, 

Barbara Smai 1. 

The group has consider~d the needs of young women and women at different 

ages and has formulated a great number of support activities. The suggestions 

are given here without much comment. 

The topics speak for themselves. 

2.4. 1 Q:!~_y~~~~ ___ Q~!~l~~_~!~~~~22~_l~!~r~~~!l2~~ 

A. Non-sexist toys and games 

i. Market argument to be used with manufacturers 

i i. Awareness through Parent-Teacher Associations 

B. Non-sexist books (positive images) 

Guidel ines for publ ishers 

i. Textbooks 

ii. (Children's) literature 

iii. Magazine, comics (also women's magazines) 
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·C. Media 

i. Educational television 

a. Guidel ines for tv-script writers to include women 

(and ethnic minorities) 

b. Positive image of women scientists 

c. Application of science to everyday life 

d. Presence of women at all levels in non-traditional 

occupations. 

e. Social significance of science and technology to 

persona I life 

f. Career information: pamphlets with pictures of girls 

i i. Non-educational television 

a - e Same as above 

f. Featuring more heroines in commercial non-documentary 

programs (non-traditional ''women heroes") 

Research : 

1. ~hat concepts do girls lack at this age relating to science? 

(which make them feel uncomfortable with math and science) 

2. Role of sports in developing skills, concepts and attitudes which 

foster involvement in science 

3. Boy/girl interrelations, differences and consequences 

4. Intrinsic versus extrinsic motivation of girls related to 

sc i ence/non- t rad it i ona I ro I es. 

A. Role Model: ~oman Scientist 

i. Practical Problem-Solving Activities 

ii. Separate boys/girls for activity(ies) 

(same class, same time, same woman scientist 

B. Role Model: Young ~oman studying Science (12-18 years) 

i. Demonstrate Sc ience Fair Project 

i i . Report on Science Club, class projects 

C. ~ork with Girl Scouts or Girls Clubs 

i. Career Badges (Computers, Science, Engineer, etc.) 
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D. Science Field Trip 

i. Visi t high school lab 

ii. Some girls demonstrating in lab 

iii. In conjunction with regular Parent Evenings in high school 

iv. Planned activity to be done by segrated boy/girl groups 

E. Use of Computer to Stimulate Interest 

i. Field Trip 

i i. In-class Demonstration by Woman with Interactive Project 

F. Encourage domestic projects for boys, manual projects 

fo r g i r I s 

2.4.4 

A. Science Club for Girls 

i. Assertiveness training 

i i. Attachment with Women Scientists 

iii. Hands-on projects 

iv. Visit primary schools 

v. Encourage positive self-image as women competent 

with science and technology 

vi. Positive self-image (general) 

B. Establ ish network of high school faculty who are actively 

supportive of women in science 

i. Science teachers taking summer courses such as computer 

course can be used as contact 

i i. Through administration (pol icy incentives) 

C. Summer Science Camps 

i. 3 days-several weeks: beginning computer course , 

for examp I e 

D. Women in Science Visiting Program 

i. Relate work 

ii. Use col lege woman in science 

iii. Career Information 

a. motivation 

b. life style (marriage/fami Iy; job satisfaction) 

c. opportunities 

d. preparation -classes 
-personal contacts 
-understandin9 the system 



E. Career Day 

i. Industrial Involvement 

i i. Exhibitions (pictures of women) 

iii. Career Information (see above) 

iv. Role Models 

F. Use of women's scientific organizations 

i. Society of Women Engineers 

i i. etc. 

G. Industry 

i. Field trip 

i i . Representative to speak in school 

a. assigned to a particular school 

(included in related activities) 

H."lnsight into Engineering" 

i. Week on universi ty campus 

a. learn about areas of engineering 

b. project 

c. ca ree r info rma t i on 

d. campus fami 1 ia r ization, etc. 

I. University/College Network 

i. Admissions, financial aid for students as well as for 

faculty to facil itate entrance of high school girls to 

college 

J. Big Sister Program 

1. Through science club? 

K. Day contest 

industry and school compet ition by size of school 

i . exams 

i i. practical projects 

L. High School Counsellor Education 

- workshop; some specific direction for women 

15 
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M. Network of supporting scientists - men and women 

Messages on 

Assertive/Self Awareness: 

1. Right to ask 

2. Don't have to I ike math and physics 

3. OK to exce I 

4. Not necessary to excel 

5. Girls often don't decide oro r;aree" until 18 or later 

6. Keep options study or career open by taking math and physics 

7. Science is for everyone (even if not major area) 

a. re spon sib I e cit i zen (dec i s ion s on powe r) 

b. enhance internal locus of control 

c. needed for intel1 igent decisions and choices 

d. personal impact and impact on community, country 

e. many jobs use science 

8. Science can be fun 

9. Working with hands is no t bad 

10. Hands-on experience not a prerequisite to studying science 

11. High possibil ity of need for job 

12. Working can be fun 

13 . Awareness of job market 

14. Encourage consideration of career goals 

15 . Easier to take science now than later 

a. Science is better st udied systematically in schoo l 

b. Othe r subjects may be studied easier later 

16. Test-taking strategies 

a. Guess (unless penal ized) 

b. Do easy que s tions fi rst 

2.4.5 University/Col lege Level 

A. Retention 

i. Pre- i ntroduction Week of (Engineering) students 

develops peer support group 

ii. Counselling 

supportive network (can in c lude women's center) 

iii. Student Society of Women Engineer s 

iv. Good academic advisement 



B. Recrui tment 

i. Women from other discipl ines 

i i. Young women with high school knowledge of science 

C. Career information 

i. Job hunt i ng sk ill s 

a. Resume writing 

b. How to choose a company 

c. Interviewing 

i i. Job opportunities 

j i j. Job content information 

iv. The industrial system 

a. Organ i za t ion psychology: theory and practice 

b. Learning the System 

D. Role models/Mentors 

E. Re-entry Information(before they leave) 

F. Assertiveness Training 

Re-entry Women into Science 

Facil itate re-entry for science and non/science backgrounds 

Science workshops 

2.4.6 ~l!l~~!~_~~~~~~~~ 
A. Publ ic Awareness 

i. Increase positive publ icity for girls in science 

2.4.7 ~~!~~1~!~_9~~_~~~_~g~i!~_i~_~~i~~~~_~~~_~~gl~~~~1~g_ 
A. International Resource Center (Clearing House) 

(Suggestion: such as: American Women in Science 

17 

American Association for the Advancement 

of Science 

NSF (Women in Science, if continues to exist)) 

i. Minimum requirement 

I ist of available material,upon request one copy 

available or where to get, price list 

i i. Center for Distribution 

a. one in United States and one in Europe 

b. UNESCO 

one clearing house (Paris?) 

iii. Committee to fol low-up on establ ishment 
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B. Immediate Action : 

a. Each parti Cipant prepares own bibl iography of materials 

on present topic and other materials of interest for 

distribution to participants within 6 months. 

b. Coordinator of above 

The group was formed by: 

Harrie Hermans, Lore Hoffmann, Jan Hondebrink, Svein Lie, 

I lja Mottier, Jan Raat, Doris Simonis. 

The group concentrated on proposals for change and discussed new 

topi cs that could be introduced in the curriculum. 

Methods of teaching were discussed, where great emphasis, in this group, 

was put on favouring active inquiry in girls, in teaching them to take risks, 

even without praise from teachers. 

The content of existing teaching material was frequently subject of discussion in 

the other groups too. Some of their remarks will be summarized under heading 4 

"Textbooks". 

(See also the recommendations of group 2, especially paragraph I, 

"Outside classroom intervention".) 

Topics in physics should be re-evaluated. Emphases on natural environment, 

energy and famil iar technology should be foremost. 

a. Choice of topics and their development are important. 

Examples of topics I ikely to be more intere~ting and appropriate for 

girls and boys (aged 11-15) than those presently used are: 

weather, earthquakes, tides, topics from 

earth science; 

examples from the human body; 

examples from everyday life("kitchen physics" and 

"bicycle physics") 

Development of topics should start from the fami I iar natural phenomena 

first, concepts second, formulae third. 

b. Some historical examples of scientific methods and contributions 

may be of value to draw attention to science as a creative human 

activi ty. 

Knowledge of the development of modern science and its 

consequences may be important for understanding of its social 

benefits and risks . 
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c. More balanced presentations should be made of concepts and appl ications 

of science, a wider range of examples of useful technology should 

be given. 

d. Controversies in appl ications of science, or in acceptance 

of theories which reflect social concerns (as in uses 

of atomic power and the creation evolution contest in U.S.) 

should be introduced for discussions to highlight the influence of 

science and technology on the welfare and the culture of human 

society and vice versa. 

Teachers should be made aware of 

a. Tendencies to recognize and encourage boys more than girls by 

expecting more active cooperation, di recting more questions, and/or 

call ing more often on boys for responses. "Pygmal ion effect" 

in rea I. 

b. The negative aspects of immediate "positive reinforcement" for 

girls. Encouragement and support for self-initiated inquiry and 

continuing investigations are essential to sustain interest and 

performance of girls as independent learners . 

Because young women are accustomed to seeking social approval 

and thus avoid intellectual risk-taking, science teachers must 

make special efforts to be non-directive "coaches" rather than 

authoritarian directors in their classroom. As Jerome Kagan 

expressed it " Boys figure the task; girls figure the teacher". 

The science teacher may have special responsibil ity to provide 

alternatives to these orientations. 

c. Role- playing, discussions ofcontroversial issues in appl ications 

of science and/or technology where each student must contribute 

an opinion and support it. Brain-storming in groups where every 

student in turn co~tributes to problem-solving are strategies 

to be included in the teacher's repertoire. 

d. Open-ended questions with no "right" answer should sometimes 

be used. 

Questions (to be answered by experiential data) should never contain 

their own answer (e.g. Why is Material A a better insulator than 

Material B7). 
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e. Students should do activities themselves and be permitted to 

observe and explain phenomena that challenge their assumptions 

and expectations . 

2.5.3 ~l~~~~~~~_~~~~g~~~~! 

a. Group activities and team projects may require special 

arrangements if the teacher is aware of young women's less 

active envolvement. Usually girls respond and perform better 

if paired with girls. 

b. Expectations that all students will contribute to inquiries and 

discussions, wi I I form opinions and offer hypotheses, should 

be reinforced by taking turns or sequencing reports arbitrarily, 

if necessary, to insure that each student has opportunities 

to respond publ icly and individually. If team consensus has 

been sought, assign a different "reporter" for each question. 

c. Do not al low neatness and precision in written work to substitute 

for initiative, ideas and risk-taking. 

d. Avoid liberal use of praise and criticism to manipulate behaviour. 

Strive to develop an atmosphere of openness to alternate explanations, 

diverse opinions, and fair comparisons. 

e. Analogies should be used selectively and new ones developed that 

relate to phenomena noted as interesting and familiar to 

young women. 

Youngsters can be taught to develop some analogies themselves, 

displaying understanding of key concepts. 

f . Curriculum should include activities students can do individually 

or in same sex groups. Results of their activities should not be 

isolated bits of information but should be used as a "hinge" 

to the next lesson or topic whenever possible. 

Students should do activities, not just see pictures of 

other youngsters doing them . Reporting and discussing results 

of experiments orally, each person in turn, may be valuable 

expe r i en ce . 
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g. "Fai rness" of experimental set-ups (when used) should be 

emphasized. Encourage development of formal mental structure 

by always asking for adequate comparative data or"control". 

h. When mathematical expression is important, spend time developing 

the formulae verbally and through data collected. 

Point out consistencies, relationships attended to. 

1. Existing textbooks (and other teaching materials) must be 

examined to see whether they contain elements that dis

advantage girls. All sexism must be removed. 

2. Guidel ines must be establ ished for the production of 

new textbooks. They must deal with the content of instruction 

and with the language used, the illustrations, the examples, 

the illustrative texts. 

3. Sl ides or pictures are needed which show men and women working 

in areas related to each science topic on the curriculum. 

4. Research outcomes must be related to the production of 

textbooks. For example the topic raised by group 2; What 

concepts do girls lack (at a certain age) relating to science? 

Or a problem 1 ike this: What illustrations do appeal to 

girls. What makes a textbook attractive? 

The reports of the three groups reflected the views of the 

participants of those groups. This doesn't necessarily mean that 

members of other groups agreed on all points. 

This became clear in the discussion that fol lowed the reports 

of the working groups. 
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On some points differences of opinion arose. 

Much doubt was expressed on the viewpoint of group 3, 

(stating that girls should not be praised too much, since 

this would make them dependent on teachers, but that they 

must be stimulated to think independently to develop their 

creativity). The necessity of fostering creativity was 

unanimously recognized, but many participants felt it 

necessary to encourage especially the girls. 

Another point of debate formed the inclusion of history 

and phi losophy of science in the curriculum. Whereas some were 

in favour of it, others cited experiences of projects where this 

strategy had not worked. 

Whether science fairs, contest s , etc. would be a good thing 

for girls was questioned too. Some said boys were more attracted 

by competitions than girls. But this may depend of the age of 

the students. Young gi rls (9-12 years) are sti 11 1 ikely to 

compete. Maybe competitions with only girls would bring a solut ion. 

The conference agreed upon two important points. 

1. Girls do participate less than boys in science and technology 

instruction and in re lated professions . 

I t is good to formulate an intervention strategy to enhance 

girls' participation. 

But this strategy must be given shape ~ithout reinforcing 

existing stereotypes. 

2. Intervention strategies are premised upon the deficiency of 

girls' enrolment and participation in science and technology 

instruction, not upon the deficiency of female persons. 

Girls must not be conceptualized as deficient boys and the 

male standard need not be the unique standard. 

Problems that were mentioned, but not discussed fully were: 

what do we mean by technology in the school context? Is it learning 

about appl ications of science, or being personally involved in problem

solving or using 'technology'? 

And should we work with boys and men - if so, how? 



After the plenary discussion on the group reports, the 

conference discussed a set of recommendations. 

These are the recommendations that were agreed upon: 
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I. Statistics must separate the data of girls and boys in order 

to make different educational outcomes visible. 

2 . An jnformation ne~ork must be bui I t in order to faci I itate 

communication between educators, scientists and researchers 

involved. 

This purpose wil I be served best by an international clearing 

house, gathering information on: 

- (research) lit erature 

- resource s 

- career information, etc. 

3. Teacher education can play an effective role 

- in pre-service ed ucation 

- in in-service education 

Both for ms of education must be oriented towards the fol lowing 

objectives: 

- make teachers aware of society's attitude towards (young) 

women; 

- make teachers aware of their own attitude; 

- make teachers aware of classroom interactions (teachers - students 

and students - students); 

- make teachers aware of career opportunities for girls and 

boys in science; 

inform teachers about alternative strategies in science teaching . 

These objectives cannot be ful Ifilled only by providing information. 

Other methodologies must be used too in order to bring about 

attitude change. 
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4. Curriculum and teaching material can contribute to promote 

girls' opportunities. 

Sex discrimination in teaching material and textbooks must 

be removed. 

Examples and illustrations in textbooks must be based on 

girls' experience too. 

Science must be presented as an endeavour of women and men 

with historical, cultural, social and economic impl ications: 

- The content of textbooks must not be too far from dai ly life. 

Presentation should not be abstract, formal ized and theoretical, 

but rather concrete, connected with real I ife processes . 

- Science lessons must pay attention to the social implications 

of science and technology. They must deal with the benefits 

of technological development, but also with the negative 

consequences, and/or controversial issues. 

- Textbooks can use the biography of women scien tists as an 

illustration of science as a human activity. 

- Career materials must be developed for girls. 

Teaching materials must include a variety of methods, for 

example problem solving, decision making, design, hands-on. 

5. Informa tive, social and emotional support must be given to 

girls and young women. Some examples: 

Informative support: 

- informati on about consequences of subject choice 

- information about (non-traditional) careers 

Social support: 

positive image in media 

- financial aid 

- extra courses 

Emotional support: 

- role models 

- female networks 
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6. More research is needed in order to know the problems and thereby 

change the situation. 

Evaluation research into the effects of ongoing projects is 

important to form a body of knowledge as a basis for future 

experiences . 

Longitudinal evaluation is essential in this context. 
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It was decided to make a congressbook (of a restricted number 

of pages) 

GIRLS AND scn;,-::;E AND TECHiJ()WGY. GASAT-conference 1981 

with the chapters: 

1. Introduction: How it arose; li st of participants 

2. Opening address: Ms. ir. B. ten Zeldam 

3. Setting the scene: Backgrounds & emphases 

4. Initiatives in The Netherlands 

i i England and Wales 

iii " Sweden 

iv Norway 

v W. Germany 

vi " Portugal 

vii the US 

vii i " Canada 

5. Conference deliberations 

6. Future directions 

7. Bibl iography 

The book wi 11 be edi ted by Jan H. Raat, Jan Harding, Ilja Mottier 

and published by the Department of Physics and Technology Teacher 

Education of THE. 

The congressbook is expected to be ready spr in g 1982 

the estimated price being about Nf 20 (i .e. about $ 8). 
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Recommendation nr. 2 is deal ing with an information network 

in order to facil itate communication in the field of the GASAT

problem. 

It was proposed that the Department of Physics and Technology 

Teacher Education of THE should start this network and spread 

the received information to the GASAT-participants. 

4.3 ~~~l_~~~~!_sQ~f~r~~s~ 
The decision was made to try to organize the next GASAT-conference 

to be held May/June 1983 in Norway. As second possibility for this 

conference Loughborough, U.K. was mentioned. 
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Some questions for discussion 

1. Several papers suggest that the small number of girls in science and 

technology is not recognized as a problem. How best may we arouse 

concern about this issue among administrator.s - head teachers 

(principals) - teachers - parents ? 

2. Girls are said to be the most reluctant to change. Have we the right 

to try to change their attitudes? If so, what methods may we use? 

3. Boys seem to hold more strongly stereotyped attitudes than do girls, 

who are then influenced by them . How may we/ should we work wi th boys ? 

4. Many teachers of physics a nd technology are men . Some are suspicious 

of or feel threatened by what they see as the"women's right" movement. 

How may we change their attitudes? 

5. Science/craft/technology teachers seem less ready to use behaviour

changing techniques. How should we approach these teachers? 

6. Teachers who wish to respond to concern for girls into science and 

technology will need material resources. What resources would be most 

useful? 

7. Several papers emphasize the importance for girls of personal contact 

with industry and with women models . But this may not be possibl e to 

arrange on the scale suggested in some papers. How may we make the 

most effective and efficient 1 inks between girls and women scientists/ 

technologists / craftworkers (especially the latter) and between 

gi rls and industry (personal, video, sl ide?) ? 
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8. Mathematics is recognized as an important ski 1 1. UK experience does not 

support the US/Fennema contention that if girls are taught math. they 

can do it. What may we do about girls' performance in mathematics? 
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9. Interests are at present more strongly stereotyped than are abil ities. 

How may we use only interests without reinforcing stereotypes? 

10. Gi rls-only activities have been recommended. What are the advantages! 

drawbacks of sex-segregated activities? Which would we recommend? 

11. Girls arrive at school with disadvantages in science and technology compared 

to boys. What "remedial" experience do girls need? When is the most effec

tive time to give these? 

12. Several projects speak of changing school physics. What sorts of 

changes are implied? What barriers or constraints may hinder such a 

change? What about teachers I fear of a fall in "standards"? 

13. We use the word "technology" on our title . What do we mean by "technology" 

in the school context? What experience should we offer? At what age? 

For which "abi I ity"? 

14. Young people often see technology as a threat. What do we do about 

"the unacceptable face" of technology? 

15. Concern has been expressed about bias in text-books. Is it possible 

to recommend general guidel ines to publ ishers which wi II be effective? 

Should we have specific guidel ines for physics? 

16. Formal assessment plays an important role in the image of self-as

competent and in the award of a qual ification. How should we respond 

to recent findings of sex-bias in modes of assessment? 

17. How best may we "preserve" the women and girls who have chosen to 

study science and!or technology? 
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1. WOMEN IN SCIENCE AND ENGINEERING: 

A CASE OF AWARENESS AND ENCOURAGEMENT 

Mary R.Anderson, Arizona State University, 

Tempe, Arizona, USA 

In the United States, approximately one-third of the students entering medical, 

law and business schools are now women. Fifteen years ago only one-tenth of 

the entering students in these professional schools were women. 3 Young women 

in great numbers are expanding their horizons and entering these formerly almost 

exclusively male dominated professions . Although the percentage of women 

entering fields in the physical and engineering sciences has increased in recent 

years, the numbers are not nearly as large as those of the women enroll ing in 

the aforementioned professional schools. Science careers are apparently not 

considered attractive or perhaps not even considered by most young women. 

The lack of adequate numbers of scientists is a significant problem with 

grave consequences for any nation. Women remain the largest untapped source 

of supply for this demand. In addition, women have the potential to contribute 
2 

a perspective which differs from the male dominated world of science. We need 

to change the image of science as an inhospitable and unattractive environment 

for women 3 and need to insure that science is a viable career option for 

women. Finally, we need to understand the career decision-making process of 

teenage women. 3 

As a child, I was aware of three career options for a woman: nurse, secretary 

and teacher. Through a process of elimination, by age 7, I had made teaching my 

career choice; the subject to be decided later. At the encouragement of a high 

school mathematics teacher, I took a third year of mathematics and then real ized 

that I had always enjoyed the subject. After majoring in mathematics in college, 

I chose statistics as the major area for the Ph.D. degree because of the influence 

of the major professors in that field . 
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am now an Associate Professor of Engineering, the only woman faculty member 

in the School of Engineering at Arizona State University (ASU). I am convinced that 

engineering in general, and industrial engineering in particular, are excellent fields 

of study for women. I have spoken to high school women and women interested in a 

reentry program. The response of these women to the possibility of entering the 

field of industrial engineering has been most enthusiastic. Wells cites that the 

lack of women in engineering is due to the lack of information and their own lack of 

self-confidence to succeed. II I am convinced that the primary causes for the dirth 

of women in industrial engineering or any area of engineering, is the fact that 

they have not been made aware of the opportunities nor been encouraged to prepare 

for and persevere in such a career. 

In my experience women in general have a very limited knowledge of the possible 

careers in engineering and almost no knowledge of industrial engineering. Furthermore, 

they have neve r associated themselves with such a career. After viewing a role model 

and considering options within the field of engineering, many young women then choose 

to go into engineering. Although television programs feature women doctors and 

lawyers and women in business, the star of the show i s se ldom a woman engineer or 

physicist. I believe that the lack of awa re ness among young women of careers in 

industrial engineering parallels the lack of awareness of careers in physics and 

technology. Common to these career paths is the need for a good foundation in 

mathematics. The techniques discussed in this paper for increasing the number of 

women in engineering can readily be applied to increasing the number of women in 

science and technology. 

Jewell Plummer CObb 2 has a theory about the participation of women in science 

called "Female Filters in Sci ence." This author believes that there are important 

filters present in the life of a young woman who aspires to be a scientist. These 

filters for men are either nonexistent or contain pores of a larger s ize. Some of 

the filters are associated with the field of mathematics. For completeness, a 



summary and discussion for this article follows. 

The first two filters include a lack of awareness and positive association 

with science and mathematics. A socialization process begins at birth with pink 

blankets and dolls for female babies. The first filter occurs during the infant 

and pre-school period. During this period boys receive chemistry sets, erector sets, 

trucks and games geared to large muscle development and to association with science. 

During the elementary school years a second filtering away from science takes place. 

Mathematics is classified as a male subject. This classification is strengthened 

by elementary school teachers, the majority of whom are women, who are rarely 

comfortable with mathematics. 

The third filter is the junior high and high school experience. In a study 

by the National Assessment of Educational Progress, girls and boys performed equally 

on mathematics and science achievement tests at age 9: At ages 13, 17, and 26 to 35, 

however, males performed increasingly better than females. As girls proceed through 

school they are subject to pressures to conform to societal expectations which do 

not usually include mathematics and science as appropriate fields of study for females. 

In mathematics, the father usually becomes the authority as the child progresses from 

si xth grade through high school. Studies have shown that girls were twice as likely 

as boys to conclude that a poor grade in mathematics was due to a lack of ability 

rather than a lack of effort. 

The high school years are the most critical. College-level mathematics is a 

prerequisite for mathematics, science and engineering majors. However, women students 

experience a lack of encouragement by family, counselors and society to continue 

their studies in mathematics. A high school counselor told me a few years ago that 

he only encouraged boys to take two years of mathematics and was very surprised when 

I suggested that boys and ~ should be encouraged to take more than two years of 

mathematics in high school. Girls are nine times less likely than boys to have 
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good mathematical preparation for college. 

The fourth filter, college, i s also usually a pe riod of lack of encouragement 

for girls wh,o have the ability to major in science. Some well-meaning advisors feel 

that it is too difficult' for women to enter and survive in heavily male dominated 

fields. Some male adv i sors do not want to see women enter "the ir" domain. Mothers 

may tell their daughters that they will never marry if they choose a career in which 

they wi ll be competing with men. Cobb feels that the decision to be a science major 

in college requ ires st rong motivation and independence, characteristics expected and 

developed in precollege years in males. 

The fifth filter of graduate school may also be characterized by a lack of 

encouragement. The seni or science researcher, in a period of scarce research funding 

is inclined to invest his time and effort on a male student rather than a female, 

whom the researcher feels may marry, have child ren and leave science. A sixth filter 

centers on the senior scientist or adv isor who may control developmen t. of the 

dissertation, its acceptance and publication, referrals, post-doctorate job 

p 1 ace~e rt and career progression. 

A seventh filter for women after formal schooling includes a "superwoman" 

dilemma. She often must be career woman, wife, mother and homema ker all at the 

same time . Cobb reminds us that to survive, women who choose the role of homema ker 

and sc ienti s t or engineer need a support ive husband and adequate chi ld care 
~ 

arrangements ." My own husband, a Professor of Mathematics, certainly pl ays a very 

supportive role in my career. There is a need for more part-time positions for 

women scientists to supplement the child care. I was fortunate to be able to survive 

in academia in spite of l"iorking part-time for 12 years while my boys were young. 

A final observation is that women scientists on the campus are underrepresented 

in tenured positions at top universities ~Ihere major research is conducted. The 
u 

"good old boy netl1ork" is still very much a1ive.--
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I suspect that this filtering system is becoming more porous, especially at 

the college and graduate level. In addition, programs such as the Women in Science 

program of the National Science Foundation have been developed to enhance opportunities 

for women in science. These programs, through workshops and career facilitation 

projects, are attracting greater numbers of I"lomen to science and helping them to 

prepare for a career in science. The workshops give science career information to 

high school and college women as \olell as women interested in reentry after a career 

interruption. 

Those women who were filtered out of science have a second chance in some 

science career proj ects. I am the Project Director of a National Science Foundation 

supported science career facilitation project. I am currently accepting applications 

to a reentry program for some thirty women who have held their last degree for at 

least two years and are unemployed in a technical field or are underemployed in 

terms of their potential . Although an undergraduate degree in a science field is 

preferred, applicants are being considered with non-science degrees. In similar 

programs highly motivated women with non-science degrees have proved that they can 

succeed in a science reenty program. In my particular program, a Master of Science 

degree can be earned with a major in Industrial Engineering and concentrations in 

information systems or organizational control. This fast track program of 15 months 

features registration fee waivers, a professional development seminar and paid 

half-time industrial internships. A year of Calculus is required as a program 

prerequi site. 

At the time of this writing, close to 90 women have inquired seriously about 

the program and it is expected that most of these women will apply. ~lany of these 

women, especially biology and non-science majors, have not had Calculus, but are 

taking it this school year in preparation for the program. Since they acquired their 

degrees many of these women have been introduced to the computer and are very 
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interested in learning more. With this awareness, they now have the motivation 

to take another year, or even more, of mathematics to enable them to pursue this 

new interest. Many of these women studied traditional "female" fields only to find 

no employment in their field or that the available jobs were not demanding, 

rewarding, nor well-paid. To avoid ill-chosen fields of study or at leas t to enable 

a woman to make a career choice fully aware of the options and possible consequences, 

programs of awareness of career options must begin in high schoo l, junior high and 

even grade school. 

The last two years of high school may not be too late to encourage women to 

consider engineering as a career. In a study by LenS, it was reported that although 

most men majoring in engineering in college had decided to do so by their freshman 

year in high school, most of the women engineering majors had chosen their field of 

study during their senior year in high school. While the mathematics required for 

science and engineering majors can always be made up upon entering college, to 

facilitate career options in science and engineering, girls should be encouraged 

while in junior high to take three or four years of mathematics in high school. To 

offset the women grade school teachers who are uncomfortable with mathematics, girl s 

in the grades need to be exposed to positive science and engineering role models 

and told that it is "OK" to study science and mathematics. At a minimum they should 

be made aware early that by avoiding sci ence and mathematics courses or by taking 

the lowest level of such, they may be decreasing their options of a career choice 

at a later date. 

Young women need to be told that engineering (science or technology, as the 

case may be) is no longer nearly closed to women. Industry is now actively seek ing 

women engineers and myths about the engineering profession are disappearing . In a 

recent study by the Department of Education and the National Science Foundation 

entitled, "Sci ence and Engineering Education for the 1980's and Beyond," three fields 
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were identified in which severe man power shortages could develop by the end of the 

century: computer specialists, industrial engineering and aerospace engineering. 

In this study industrial engineers stood out as members of the engineering profession 

with the widest gap between the number of graduates and the number of job openings: 

96% more openings expected than IEs being graduated! Women are needed to help fill 

this critical shortage in personnel. l 

In addition to general job availability information, young women need to be made 

aware of career options in industry, government, laboratories and academia. For 

example, currently in the United States there are more than 2000 open faculty 

positions in Engineering schools. Young women need to be encouraged to consider 

teaching at the college level in engineering as a viable career. An academic 

career usually does not preclude the freedom to pursue individual interests and is 

very compatible with the raising of a family since vacations and summer breaks 

usually coincide with those of the children's school year . Young women need to be 

made aware of the various areas of concentration within a general field, as well 

as salary and job location information . A woman role model who finds ,her career 

in engineering or science demanding and rewarding can be very effective in encouraging 

young women to consider her field as a possible future career. 

There are also misconceptions that need to be put to rest. One of the myths 

for engineering is that engineers work mostly with things, e.g. concrete and steel, 

as opposed to people. However the fact is that most engineers devote a major portion 

of their careers and their daily activities to communicating, getting along with, 

and helping other people. S Since Industrial Engineering is the branch of engineering 

most concerned with people oriented systems, industrial engineers, especially, spend 

a major portion of their time with people. 

A second myth is that an engineering curriculum is unsuitable or too strenuous 

for a woman. Women students achieve in an engineering curriculum as well as men 
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even if they haven't built model airplanes or taken apart lawn mower engines. 

Engineering is so broad today that many competent engineers don't have hands-on 

experience with eng ines or motors or farm machinery.5 

A third misconception is that you have to like mathematics to go into engineering. 

An enthus iasti c attitude toward mathematics will probably make pursuing a career in 

engineering more pleasant, but it i s not necessary. Most of my statistics students 

in Engineering do not like mathematics and statistics, however they realize that 

they have to take these courses in order to study and to work in the areas of 

engineering they will enjoy. 

One more myth is that engineering students have such a stringent class and 

laboratory schedule that they don't have time to enjoy co l l ege life . Most engineering 

students find that their schedule is interesting, rewarding and demanding, but there 

i s still some time for a social life: 4 The "career/family conflict" myth can be 

answered by the fact that approximately seven out of every ten women in engineering 

are married and most of them have children. 4 Incidentally, one study showed that 

half of the recently graduated married women engineers are married to engineers!lD 

And as more \>Iomen enter the predominantl y male field of engineering, they are finding 

less problems on the job due to sex stereotyping . One practicing woman engineer 

stated: :'\~orking \'lith all male engineers seems to pose no more problems than it did 

in school. Engineers in general are some of the most even-tempered, steadiest 

people whom I have met. They t reat you according to the caliber of engineer you 

are. Tact, understandi ng and pa ti ence are trai ts tha t stand women in good stead." 4 

We need then to make \'Iomen aware of engineeri ng (or science or technology) as 

an appropriate and appealing career choice, and to encourage them to prepare for, 

to pursue and to persevere in such a career choice. But how can we make high school 

women aware of engineering (or physics) and encourage them to consider a career in 

the field? Most high schools do not have a course in engineering, although some may 
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have a course in electronics. Most high schools include physics in their 

curriculum. A young woman would usually need some positive encouragement to take 

electronics or physics: to increase her options or to prepare for a chosen career. 

Exposure to the subject however is not adequate. I took Physics in high school 

and for four semesters in college, enjoyed the courses, but still have very little 

knowledge of the careers available for physics majors other than in academia. The 

physics teacher, at a minimum, if not a \-Ioman enthusuastic about the field of physics, 

should invite a woman physicist to address the class and tell about her career and 

other career options in physics. 

We at Arizona State University are involved in an expanding program to recruit 

high school students to the College of Engineering and Applied Sciences. This fall 

the third annual Scholastic Competition and Design Contest will be held on campus to 

attract top students through a mathematics and science oriented examination contest 

and des i gn competiti on. Las t fall thi rty-four school s \vere represented and 300 

students participated in one or more events. The examination areas were Mathematics, 

Algebra I and II, Trigonometry, Engineering Graphics, Chemistry, Physics, and 

Calculator. The design competition included a bridge, a protective egg container 

(tested by dropping from several stories high onto concrete), and a candle-pOllered 

car. Engineering and Applied Sciences faculty monitored the contests and competition. 

As an exam proctor. I used the opportunity to encourage the women especially to take 

all the mathematics that they could in high school to increase their options and to 

consider engineering as a career. 

The event was sanctioned ~y the Arizona Interscholastic Association and students 

competed in three school categories: (1) AAA; (2) AA; and (3) a combination of 

A, B, and C. Awards for first, second and third places were presented for all 

exam ination and design areas in the three school categories. The school with the 

largest number of winners in each of the three categories was presented a trophy. 
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The cost of themedals and trophies accounted for the largest single expenditure. 

The Papago section of the Arizona Society of Professional Engineers donated $300 to 

help defray expenses. The Arizona Section of the American Chemical Society assisted 

in the preparation of the Chemistry exam. 7 

On March 20, 1981, the second Mathematics-Science Teacher Workshop designed 

to provide mathematics and science teachers with information on all programs offered 

by the College of Engineering and Applied Sciences was conducted. Eighty-nine 

teachers from 42 different secondary schools were present. A panel of students 

participated in the program and responded to questions. The student panel was 

mentioned most often in the end of workshop questionnaire as a beneficial part of 

the program. A similar workshop for principals and Board of Education members was 

suggested and received unanimous support from the participants. 7 

Mathematics and science high school teachers would do well to invite college 

students in their area to speak to their classes. Some of our women engineering 

students routinely return to their secondary alma mater and speak to mathematics 

and science classes. Although women students particiapted on the panel, this workshop 

did not give any special emphasis to potential women engineering students. My 

participation as a woman in engineering is planned for the next workshop to suggest 

that women mathematics and science students need to be made aware of the opportunities 

for women in engineering and to be encouraged to pursue such careers. 

For four years a High School Summer Institute has been conducted by the College 

of Engineering and Applied Sciences. During the summer of 1981 a series of four 

programs designed to increase the number of minority group students in engineering 

was held. The program was organized into four separate one week sessions to bring 

the following minority high school students onto campus for an orientation and intro

duction to engineering: (a) Native American; (b) Gifted; (c) Women; and (d) Hispanic/ 

Black. It should be noted that women participated in all four weeks of the institute. 
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A total of 91 high school students participated, 57 of them women. The students 

were introduced to the various fields of engineering, listened to appropriate role 

models from industry and academia, toured the engineering laboratories, and were 

taken on tours of local industrial facilities. The program was financially supported 

by contributions from Arizona industries totalling $28,000. Out of town students 

were housed on campus for the week. The program was advertised through the mathematics 

and science high school teachers. The number of students enrolling in engineering 

at the college level after attending this institute is over 50%.7 

am a regular speaker during the weeks for women and the gifted students. 

The institute week for women includes as speakers practicing women engineers and 

women engineering students representing different areas of engineering. The 

high school women are very interested in information on career/family balance and 

treatment in a male-dominated field, as well as the opportunities and salary levels 

for women engineers. Again I urge the women to take as much mathematics as possible 

to increase their options for a career. Also at this institute the women hear about 

Industrial Engineering, often for the first time. 

Most of the women are surprised to learn that Industrial Engineering is the 

branch of engineering most concerned with people oriented systems and that thus 

Industrial Engineers are a prime source of technical management talent. Very few 

engineering managers are women. It is therefore important for women to know that 

if they choose the organizational control concentration in Industrial Engineering 

they will be exceptionally well prepared to compete for management positions. These 

high scool students are also informed that even if they do not major in engineering 

at the undergraduate level, they can obtain a Master of Science degree in any 

engineering discipline after completion of some deficiency work. This exposure 

should help to increase the number of students, specifically women, in engineering. 
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The College of Engineering and Applied Sciences recently hired a full - time 

person to engage in activities to identify. recruit, enroll, retain. and graduate 

minority students. The tasks of this Minority Coordinator include facilitating the 

flow of information to minorities. visiting high schools and community colleges. 

organizing and running the High School Summer Institute and other special institutes. 

developing financial support for both minority students and programs, and counseling 

and advising minority students . Women are included in the definition of a minority. 

and although most of the efforts of this office thus far have been directed at 

ethnic minorities. it must be noted that minority women are being recruited and 

served by this office . In fact. many of the applicants for the scholarships designated 

for minority engineering students have been women . This past year $35.000 was 

awarded to minorities through the University Industry Program administered by the 

Financial Aids Scholarship section and by the School of Engineering. The announcement 

of these scholarships to the high school students visited by the Minority Coordinator 

is an effective recruiting tool. 

An additional recruitment incentive used by the School of Engineering is a 

Cooperative Education Program initiated in September 1979. Undergraduate students 

are given the opportunity to interrupt their studies for a work period to gain hands 

on experience in engineering and to help finance their education. The first work 

period was from January to July 1980. During the Fall 1980 (July to December 1980) 

14 students were placed with local industrial companies. In the Spring 1981 

(January to July 1981) 25 students participated . Five of the 25 Spring 1981 students 

were returni ng for thei r second coop work experi ence. 

The students have been placed with 22 cooperating companies. Twelve of these 

companies have received more than one student during a work term or have had a 

student return for their second work period. Salaries for the students ranged 

from $700 to $1300 per month. Comments from the students and their immediate 
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Cooperative Education Program. 7 
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Our Graduate Engineering Minority Program is one more example of a program 

that can aid in recruiting minority women. ASU was accepted as one of 25 universities 

awarding graduate engineering degrees for a program in which qualified junior minority 

engineering students are employed during the summer at a participating company and 

upon acceptance by a graduate college, receive a stipend of $4,000 per year and 

paid tuition and books to complete a graduate degree. One ASU student has been 

accepted into the program and four students from other participating member 

universities have applied for admission to the engineering graduate program at 

Arizona State University.7 

The Admissions Offices of the three state universities in Arizona have organized 

a state-wide workshop for high school counselors each year. The workshop location 

is rotated among the three campuses. During this all day workshop, a representative 

from the College of Engineering and Applied Sciences gives an hour presentation to 

the counselors on all the engineering programs and their basic prerequisites. It is 

hoped that this type of information is then translated into informed counseling and 

that any student considering a mathematics, science or engineering career will be 

encouraged to take as much science and mathematics as the student's program allows. 

Other universities and professional organizations use other techniques for 

educating and encouraging young women concerning scientific and technical careers. 

For example, the College of Engineering at the University of New Mexico established 

an Engineering Program for Women in 1977. The objectives of this program include 

providing current students with information on scholarships and job opportunities, 

and working with high schools to provide information on opportunities for women in 

engineering. This center has produced an attractive four page brochure for 

distribution to high school women. The brochure contains information on women as 
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engineers, typical job situations, needed skills, mYths about women in engineering 

and what engineering has to offer as well as specific information on the engineering 

program at UNM. 4 

Another example worth noting is the Women in Science ~ Engineering Network 

(WSE) in New Mexico: a non-profit association of scientists, engineers, educators, 

parents, community leaders, and business and industry people. Network members work 

to develop and conduct innovative mathematics and science education programs for 

young WOmen. As early as 1974 WSE founders were developing programs to encourage 

the participation of women in science and engineering. In 1979 WSE began the 

Visiting Women Science Program in which members visit midschools to discuss their 

work in science and or engineering, the rewards of such careers, and the preparation 

necessary . 

In March, 1980, WSE along with help from local industry, school districts and 

national corporations, sponsored career awareness conferences (called Expanding 

Your Horizons) for high school wOmen. The objectives of these conferences were to 

provide career information, hands on activities related to specific career options, 

and models of successful women involved in nontraditional employment. Over 500 

young women have attended these conferences which involved over 300 professional 
6 

wo~en. 

The Society of Women Engineers (SWE) is a professional, non-profit, educational 

service organization of graduate engineers, and men and women with equivalent 

engineering experience, dedicated to the advancement of women in the engineering 

profession. It is a national organization with international membership numbering 

in the thousands . One of the objectives of the Society is to inform young women, 

their parents, counselors, and the general public of the qualifications and 

achievements of women engineers and the opportunities open to them. 
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One chapter of SWE annually holds an all day Saturday conference for high 

school women to acquaint the women with the opportunities available through a 

career in engineering and to encourage them to consider such a career for themselves. 

Other SWE chaper projects include high sc hool visitation programs and volunteer 

work with the Girl Scouts of America. In this last project, women engineers work 

with girl scouts on career badges in engineering. Thi s is an example of an excellent 

opportunity to work within an existing organization to educate girls about 

engineering. 

Our local Southwest Chapter of SWE is a prime source of speakers for the High 

School Summer Institute held at our Univers ity and for the student chapter of SWE 

on campus. This chapter also helps provide judges for the semi-annual Science Fair 

held by the local junior and senior high schools in which students submit a scientific 

exhibit and report. Our SWE chapter donates and awards a trophy to a young woman 

in the competition to increase the awareness of women about engineering. 

The national organization of SWE includes financial aid for freshman women 

entering engineering school in its scholarship program. Both the national and 

local organizations award scholarships to encourage the retention of women enrolled 

in engineering programs . 

Representative of the professional organizations for each discipline within 

engineering is the American Institute of Industrial Engineers (AIlE). The local 

chapter of this organization has a high school visitation program also. AIlE members 

vi s it with high sc hool counselors and high school students and leave literature 

on the field of Industrial Engineering which includes the high school preparation 

necessary for study at the college level. 

Our Department of Industrial and Management Systems Engineering also makes 

high sc hool visitations on an individual basis, usuall y speaking to mathematics 

classes . An example of the impact of such presentations is found in one of our 
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current women industrial engineering senior students. She attended a presentation 

made by my chairman and me. This young woman liked mathematics, but did not want 

to teach. Her counselors had not been able to help her. When she heard about 

the people oriented field of Industrial Engineering from my chairman and heard my 

suggestion that Industrial Engineering was an excellent choice of a career for a 

woman who liked mathematics, she made a career choice for Industrial Engineering. 

Some high schools have their own career programs. participated in a 

Mathematics Career Day for women held by one high school. All of the women students 

enrolled in mathematics classes were released for the day to attend the conference. 

Male students also attended segments of the program during their free hours. The 

purpose of the program was to inform the young women of the role and importance of 

mathematics in various career options. Women role models addressed the entire 

assembly. Several small group discussions followed. 

In another local high school, the top women enrolled in mathematics and 

science are excused from their classes once a month to attend a Career Seminar. 

I spoke to this group of women on engineering in general, on industrial engineering 

in particular, and on my o~m experiences as a wOman engineering professor with a 

family. I also stressed to them the importance for me to keep a balance between 

the spiritual, career, family and recreational (golf and running) spheres of my 

life. At the end of my seminar, over half of the women indicated that they were 

considering engineering as a career choice. 

An additional avenue for increasing the awareness of engineering as a career 

for women has been afforded me through invitations to speak to profeSSional 

organizations. As an example, made a presentation to a Regional Conference of 

Community College counselors and mathematics instructors. The opportunities for 

women in engineering and the importance of a good mathematics preparation for such 

a career was of extreme interest to the participants. The value of encouragement 
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by a mathematics instructor was also stressed. I was told by a female graduate 

student in engi neeri ng, "Because I see tha t you a s a woman ha ve made a ca reer in 

engineering, I have the courage to continue my studies." 

Evidently some of our programs of awareness for the College of Engineering 

are working. The freshman engineering class at ASU is now approximately 20% 

wOmen. The number of female engineering students at ASU has risen 300% since 1977. 

Opportunities for women for a career in science and en9ineering have never been 

better. We just need to broadcast this message and to encourage women to prepare 

and to persevere. 
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INTRODUCTION University of Southern Mississippi 

This paper will discuss several projects and research studies which 

the authors have conducted. All of these projects have been effective in 

encouraging, either directly or indirectly, regional women to choose educa-

tional programs which lead to careers in science. The first author is a 

native of the region and holds a Ph.D. degree in Engineering Mechanics. She 

received all of her education in the l ocal public schoo l system and in 

univers ities located in the South. She presently serves on the faculty of 

the Department of Computer Science and Statist ics and directs the high school 

recruitment for that Department. The second author, Dr. Robert Burr Cade, has 

extensive experience in mass media and is a faculty member in the Department 

of Radio, Television and Film. Both authors are employed at t~e University of 

Southern Mississippi which is near the coastal region of the state. Their 

diverse backgrounds and experiences have enabled them to design projects for 

recruitment of women into the sciences which have a much broader scope than 

projects designed primarily by sc ientific personnel. 

The results of several studies conducted in connection with these 

projects will be presented. Demographic characteristics of 270 regional women 

planning to enter scientific fields will be presented . Enrollment figures for 

the Department of Computer Science and Statistics will be presented for the 

years 1975-1980. Results of sex-role identity studies of regional women 

choosing careers in science are presented. 

In the following sections, severa l factors which influence the design 

of an overall recruitment program will be considered. Although all of the 
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factors which influence career choices of women appear to be interrelated, each 

section will describe one phase of the overall program and point out factors 

which are considered to be important in the design of that particular phase of 

the program. 

DESCRIPTION OF THE RECRUITMENT PROGRAM 

Determining the Characteristics of the Target Group 

Although it might appear that a successful recruitment program in one 

region should produce success in any geographical area, the authors believe 

that careful study of the demographic characteristics of the target population 

is essential. The target group in the program discussed in this paper is 

comprised of the women of the southern region of Mississippi, although some 

projects have been state-wide in scope. 

Mississippi is an economically deprived state with over 25 percent of 

its population living in families with incomes below the poverty level. It has 

a high rate of unemployment (7.4 percent) and a low average level of formal 

education (median, 10.7 years.) The state's population is 37.2 percent black 

and 55.5 percent of its people live in rural areas. I 

The social structure of the region is based on an agrari.an economy, 

which produced strong and large family units. Family ties are a primary factor 

in the development of acceptable social behavior. Women in the South have 

been more reluctant to leave the home and enter the labor market than their 

counterparts in other geographical areas. However, a recent increase in indus-

trial development and a changing population--caused by a rapid influx of 

people from harsher climates--is affecting changes in the traditional social 

and economic structure of the state. Large family units are dissolving as 

young people move to find employment, since the family farm can no longer 

support several generations. 
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In the past, the education of young women in the South has been 

planned around a life spent as a homemaker. Prevailing societal attitudes 

toward career women serve to discourage young women from selecting a career 

in science. The low level of formal education of the general population also 

proves to be a mitigating factor in the motivation of young women to obtain 

higher education . Most high school counselors and many high school teachers 

have no background in science; and, consequently, they tend to steer their 

own students--particularly young women--away from science and mathematics 

courses. 

A paucity of women in educational programs leading to careers in 

science is understandable when they grow up in an environment almost hostile 

to changes in the traditional roles of women. However, a knowledge of the 

societal attitudes, family influences, economic pressures and educational 

environments to which young women are exposed should be acquired before a 

program is designed for recruitment. 

Developing Contacts in Regional High Schools 

Programs designed to provide interaction among scientific academic 

personnel are effective in developing contacts within the high schools. The 

authors have conducted two summer workshops, sponsored by the National Science 

Foundation, for teachers of science and mathematics at the high school level. 

These workshops provided the teachers a means to obta i n training in the use 

of minicomputers for classroom instruction and enabled the faculty to interact 

with members of the group . The 76 teachers were chosen from all areas of the 

state and contact with them proved to be most beneficial in . the implementation 

of a high school recruitment program. For most of the teachers, the workshop 

provided their first exposure to a woman with a Ph.D . degree in engineering. 

Informal conversations on career counseling occurred spontaneously. These 
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contacts .lithin the school system provided a f-lechanism for interaction l'Iith 

regional high school students. 

Teachers began to identify young women with high aptitides and refer 

them to the author. In one particular case, a local algebra teacher who had 

attended one of the workshops asked the author to help a talented black girl. 

The young girl's family income was quite low and she was under heavy pressure 

to quit school and help support her siblings. After many talks with the girl, 

she asked for help in obtaining financial assistance for attending college. 

She has recently started her internship in surgery at a regional hospital. 

Conducting Women in Science Careers Workshops 

The National Science Foundation has sponsored two Women in Science 

Careers Workshops at the University of Southern Mississippi, both directed by 

the authors. A third grant has been awarded for a workshop this winter. These 

workshops serve as a vehicle to provide career information and expose young 

women to successful women scientists. The advertising campaigns associated 

with the conducting of these workshops allows the directors to reach a segment 

of the population inaccessible to conventional career counselors. Those older 

women who are either unemployed or underemployed have difficulty in obtaining 

any counseling. Mass media advertising has proved to be an effective method 

of getting these women to attend the IoJomen in Science Careers Workshops. 

Intensive exposure of young women and older, reentry women to role 

models appears to be quite successful in encouraging them to choose a career 

in science. It is the authors' belief that effective role models must be 

attractive, personable, and well-adjusted in a family situation. A role model 

must also be someone with whom a young woman can identify. Preferably, the 

role model should come from the same geographic region and have a similar 

socio-economic background. 
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Disseminating Career Information 

As discussed previously, one effective method of reaching some members 

of the target group is by interpersonal communication through direct contact 

with teachers or other influential persons. However, the older women in the 

region can only be reached through the mass media. The authors have conducted 

several state-wide media campaigns. These campaigns included television talk 

show appearances, radio spots, and articles sent to daily and weekly news

papers . The number of radio spots actually used cannot be documented although 

many applicants for the workshops first heard about the workshop activities 

on the radio. Clipping services provided 42 published newspaper articles 

which advertised the second Women in Science Careers Workshop. 

Through visits to high school classes, talks to local clubs and civic 

groups, participation in professional teacher organizations, and campaigns 

using the mass media, career information and counseling can be provided to 

most members of the target group. This phase of the projects appears to be 

crucial to the successful recruitment of women into science curricula. 

RESEARCH FINDINGS 

The data collected during several projects are presented below, along 

with a short discussion of some of the conclusions drawn from analysis of this 

data. 

During the first two Women in Science Careers Workshops projects, data 

were collected on 270 r egional women who were either already in science 

educational programs or who planned to enter science programs. The respondents 

were mostly 18 or 19 years of age (50 percent) with a mean age of 20.3 years. 

They were predominantly caucasian, with 23 percent being black. The mean 

American College Testing Program (ACT) composite score was 19, with a range 

from 8 to 30. The mean ACT science score was 22. 
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Over 74 percent of the respondents had no high school career education. 

Mathematics was the most frequent minor (20 percent) and less than 5 percent 

received any encouragement to enter a career in science from either parent. 

Statistical analysis of the data showed few significant relationships among 

the demographic variables. The respondents' career aspirations were not 

significantly related to their parents' occupation or level of education. 

There was a positive correlation between their ACT composite scores and their 

choice of a non-traditional career in science. There were no significant 

relationships among the demographic variables: (1) age, (21 expected years of 

employment, (3) desired family structure, (4) race, and (5) choice of a career 

in science. A control group of 115 college women who were in non-science 

educational tracks was used for comparison. 

The sex-role classification of each of the participants in the Women 

in Science Careers Workshops was tested using the Bem Sex Role Lnventory as the 

test instrument. 2 A pre-test and a post-test was given to the participants 

in the workshops and each participant was asked to rate herself on both a real 

and ideal basis . The Bem test was also administered to 115 non-participants 

and this set of data was used as a control group. Sex-role classification 

was assigned for each respondent according to Table I. 

Table I. Sex-Role Classification From Test Scores 

Classification Masculine Score Feminine Score 
Compared to Median Compared to Median 

Androgynous Above Above 

Masculine Above Below 

Feminine Below Above 

Undifferentiated Below Below 
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The hypotheses that the workshop participants would score significantly 

more androgynous on their ideal and real sex-role identities after their 

participation in the workshop than the control group were supported by statis-

tical tests, using the analysis of covariance. The ideal sex-role identities 

of the workshop participants were shown to be significantly more androgynous 

than their real sex-role identities as measured by the post-test. Analysis of 

the data also indicated that the participants did not differ significantly in 

their sex-role identities from the control group prior to participation in the 

workshop.3 These results are presented in Table II. 

Table II. Bem Sex-Role Inventory Median Scores for the Workshop 
Participants and Control Group 

Characteristics 

Masculine 

Feminine 

. Participants 

Pre-Test Post-Test 

Real Ideal Rea 1 Idea 1 

4.53 5.85 5.19 5.80 

5.02 5.23 4.96 5.34 

CONCLUSIONS 

Control Group 

Rea 1 Ideal 

4.70 5.55 

5.19 5.44 

No one approach will bring about sex parity in scientific careers. 

Any program for recruitment of women into the sciences should be multi-phased 

and implemented over a period of time. Those working in projects of this 

type should not be discouraged by initial low response, since tremendous 

change in the sex-ratio in scientific fields has occurred in the past three 

decades--when viewed in the context of the centuries which passed with almost 

no change . 

Most young women have been conditioned to believe that a career woman 
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loses her femin ity and must sacrifice marriage and a family. This appears to 

be a major obstacle in their choice of science as a career. Once exposed to 

ro l e models who have successfully combined careers and family life, many young 

women raise their own educational goals and feel more confident about seeking 

a career i n which they can find financial security and interesting work. The 

"mascu li ne" characteristics2 which they have been associating with careers in 

science become more desirable; and they tend to become more androgynous in their 

own sex-role identities--especially in their ideal identities . 

A most important factor in recruiting young women from high schools 

is the development of good relations with high school teachers . Most educa

tional systems, especially on the secondary level, do not provide career educa

tion. High school counselors have little information about science careers 

and tend to guide students into fields about which they have personal know

ledge. It has been the experience of the authors that teachers will serve as 

career counselors, if provided information which they feel comfortable in 

discussing . Family members usually do not encourage their female children 

to pursue academically strong educational tracks, even on the secondary level. 

Whether the family's negative attitude toward women obtaining educat ion for 

careers in science is caused by ignorance of the opportunities or sex bias is 

not apparent. 

Recruitment programs which are carefully planned can yield results. 

Although success should not be measured in numbers only, enrollment figures do 

provide one measure of success. Enrollment figures for the Department of 

Computer Science and Statistics at the University of Southern Mississippi are 

presented in Table Ill. As shOlvn in Table III, the total student enrollment 

has grown rapidly during the last six years . Early estimates of the 1982 

enrollment indicate that the enrollment may reach 1,000. It should be pointed 

out that, while the overall enrollment has risen, the percentage of women 
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has increased from 11 . 4 percent to 40.0 percent of the total student enroll-

ment. The percentage of women ove r 25 has climbed from 1.0 to 4.9. Blacks 

have been able to attend the univers ity for les s than 15 years and their 

participati on in computer science has increased from 3.1 percent to 8.8 

percent. 

Table I I I. Students Majoring in Computer Science and Statistics 
at the University of Southern Mis s iss ippi 

* * 
Year Males Females Females Mi nority Total 

Over 25 Females Enrollment 

1974 171 22 2 6 193 
1975 150 30 4 10 180 

1976 155 46 6 9 201 

1977 176 B8 14 28 264 

1978 208 120 13 40 328 

1979 260 168 19 51 428 

1980 400 267 33 59 667 

* Figures in these columns are included in total figures for females. 

The retention of women in science programs is necessary also; and th i s 

issue ha~ not been addressed in this paper. However, efficient recruitment 

into these programs must be the primary focus, since retention problems do 

not arise until they have entered these programs. Sex-role bias is thought 

by many computer scientists not to be a major factor in this field. The 

reason most often given is that this is such a new field that it has never 

been sex-role stereotyped. Performance on a computer can be viewed as indep-

endent 07 sex, since there i s no means to build a sex bias into a machine. 

Perhaps the future will eliminate the sex bias now existing in educational 

institutions and in industrial complexes--this, however, cannot occur until 

sex-role attitudes change in our societies. 
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3. PROJECT SEISMIC 

Deanna Chitayat 
City University of New York, USA 

Proje c t SEISMIC is designed to encourage secondary school 
personnel to increase sex equity in the educational system and 
to promote practices free of sex bias within th e community. Project 
components include a staff development program, curriculum methods 
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and materials, and community outreach strategies. Teachers, counselors, 
and administrators can use these components in a comprehensive effort 
towards increasing equal treatment of the sexes in educational and 
vocational settings. 

Project SEISMIC contains a broad array of materials for use 
by teachers, students and employers. Materials include video tapes, 
student worksheets, lesson plans and guides to conducting workshops. 
The materials have been tested and refined in many school settings 
and are now in use throughou t New York State. 

The ultimate goal of Project SEISMIC is to open up career 
options for females (as well as males) beyond those dictated by 
trad ition. In order to do so three groups need t o be educated: 
the faculty, the students and the employers. Thus Project SEISMIC 
provides interactive education al experiences targeted for each group. 
Todays presentation will provide the rationale and a sample of the 
materials and ac tivities for two of these g roups: the teachers, 
and the students. 

Staff Development: Educators need to participate in sex-equity 
workshops because their training has con tributed to their sex
stereotyped beliefs (Harris and Smith, 1976 and McCune, 1977). 
Counselor education has not been any better than teacher education 
in reducing sex-bias . Verheyden-Hillard writes that the research 
literature indi ca tes that counselor preparation and practice are 
perceived to be sexist and discriminatory. Nevertheless, few 
counselors or teachers of either sex would describe themselves as 
sexist. Thus, the sex-bias in their interact ion with students is 
often subtle and frequentl y unrecogn ized by both counselor (or 
teacher) and students. 

Pietrofessa and Schlossberg (1971) tape r ecorded interviews 
of counselors with a female student who expressed indecision about 
whether to enter engineering or the field of education. Results 
indicate that both male and female counselors displayed disapproval 
towa rd the female students entering the "masculine" field. Counselors 
suggested to their students that engineerin g "is a man's field," 
"takes longer than education to tra in for," "lower status," "requires 
working after 3:00 p.m.," "is unpeopled" etc . The authors indicate 
that such statements influence female students tm"ard tradition-
bound stereotyped options. 
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The findings of Thomas and Stewart (1971) suggest that students 
who are ambivalent regarding a non-traditional career may find 
counseling more of a hindrance than a help. Counselors rated 
tradi tional goals more "appropriate"; were more accep ting of s tuden ts 
with traditional goals; and considered students with non-traditional 
goals to be in need of counseling. 

At a recent meeting of the American Educational Research 
Association (April 1980) the Sadkers provided additional evidence 
demonstrating that teachers receive virtually no exposure to sex
equity issues during their years of training. Less than 1% of the 
content of the most popular textbooks in teacher education (all 
subject areas) deal "'ith sex-equity. Project SEISMIC compensates 
for this ommission in teacher training . 

In that it is socially undesirable to manifest sexist attitudes 
and behaviors, school personnel are not likely to accept, confront, 
and deal with their own sex-biases. The first component of Project 
SEISMIC was designed to help counselors and teachers become more 
aware of their own attitudes in this area. 

A series of activities are designed to familiari ze faculty 
wi th the social and legal impac t of sex-ineq ui ties. (.Jorkshops 
focus on increasing teachers self-awareness of the attitudes they 
hold towards expanding sex-roles and the effect of these attitudes 
on the teaching and counseling process. 

Each of the activities require that small leaderless groups 
of teachers work together in analyzing their own views which are 
then compared to research findings. The activities which are highly 
structured, are guided by both videotape and print material. These 
materials allow any small group to run a sex-equity workshop without 
requiring the leadership of a trained expert.-

The workshops assist participants in clarifying their own attitudes 
concerning sex role expectations and to sensitize them to subtle 
revelations of sex role stereotyping in faculty/student interactions. 

Participants engage in the following activities: 

~ Examine sex differences in occupational choices. 
~ Examine their 01<0 views of the roles of men and women on 

the job and in the home. 
Ii) Examine their OI"n views of working women. 
e Evaluate the effect of faculty responses on students' career 

choices. 

The aim of the first three activities is to provide an environ
ment for reflection and shared experiences with regard to expanded 
sex roles. The last activity focuses on the effect of faculty/ 
student interactions on students' career exploration in a rapidly 
changing world. 



.LExcerpts from the videotape, "Issues in Sex-Equin" will be shown 
t o the audienc~, If suffic ien t time is scheduled, then the audience 
,,·ill have the opportunity t c participate in one or_two of the activ
ities. The guide for these activities is enclose£/, 

Classroom Curriculum 

The effort to wipe out sex inequity in the schools has often 
overlooked the most sex-stereotyped participant in the educational 
system - the student, 

The Project SEISMIC Curriculum guide is for thos e educators 
who wish to introduce their students to a broader perspective 
concerning the roles of males and females in our society, Teachers 
and other educators can be influential in exposing their students 
to a wider range of options than those espoused by traditi on . In 
many communities teachers are among the most educated and outspoken 
citizens. They are, in fact, role model s for generations of young 
people . Through their considerable influence, educators can guide 
their students beyond a mere acceptance of the status quo. 

Stereotypes about roen and women stil l abound in our society. 
Although many younb people no longer accept blatant myths about 
the inadequacy of women for certain jobs and careers, neither they, 
nor anyone else living in American society, are immune from the 
more subtle forms of stereotyping: students roay admit that a 
woman can be a mechanic, but they suggest that she wouldn't enjoy 
it, There are unasked questions when a male chooses to be a nurse, 
questions that are seldom contemplated when a female makes the 
identical choice . 

For those students who continue to support traditional roles, 
there is often a cost in the loss of human dignity and self-esteem . 
Research demonstrates the negati ve results for both males and 
females of continued sex-stereotyped thinking: 

• By the time they reach the upper elemen tarv grades, girls' 
visions of future occupations are essen tially limited to 
four: teacher, nurse, secretary or mother. Boys of the 
same age do not view their future occupational potential as 
so limited. (O'Hara, 196 2) 1 

• Although women make better high school grades than do men , 
they are less likely to believe that th ey have the ability 
to do college work , (Cross, 1978)2 

1. Robert O'Hara, "The Root s of Careers," Element an' School Journal, 
62, no. 5 (Feb. 1962): 2i7-280. 

2 . Patricia Cross, " College Women: A research Descr iption," Journal 
of National Association of Women Deans and Counselors, 32 , 
(Autumn 1978): 12 : 21. 
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• Decline in career commitment has been found in girls of 
high school age. This decline was related to their 
feelings that male classmates disapproved of a women's 
using her inte1lignece. (Hawley, 1971)3 

• Of the brightest high school graduates who do not go to 
college, 75-90% are women . (tfEAL)4 

By having chosen teaching as a career, most educators have 
made a commitment to introduce students to new skills and ideas. 
The Project SEISMIC curriculum guide is for those educators who 
would like to introduce their students to the idea that career 
aspirations need not be limited by stereotypes but can be a true 
reflection of the individual's skills. 

The Project SEISMIC: Curriculum guide, used in conjuction 
with videotapes and classroom materials, forms the basis for a 
comprehensive sex equity unit for use with secondary school 
s tuden ts. 

Materials I. Curriculum guide. This guide includes all 
print materials necessary for faculty pre
paration of classroom lessons. 
A) Introductory material 
B) Six fully developed lessons 
C) One copy of all materials to be duplicated 

for classroom use 
D) Videoscripts/videotape synopses 
E) Concise references providing background 

on sex equity issues. 

II. Video tapes" 0/1," color casse t tes) 
A) Person to Person: Choices in a Changing 

Hor1d - Stimulus "dilemmas" designed to 
focus attention on sex equity issues to 
be "solved" by s tuden ts. 

B) New on the Job - A 1S-minute documentary 
videotape featuring two women and one 
man who have made non-traditional career 
choices. 

J. Peggy Hawley, "(.,That Homen Think Men Think," Journal of Counseling 
Psychology, 18, no. 3 (Autumn 1971): 193-191,. 

1,. Facts About Homen in Education, prepared by the Women's Equity 
Action League . Can be obtained from WEAL, 1253 I,th St., SH; 
Washington, DC. 



;The presentation will include a description of two lessons. 
One of these focuses on choosing non-traditional ca reers and the 
other helps students to provide peer support for those individuals 
who have made non-traditional ca reer choices . Excerp ts from the 
videotapes, which are components of these lessons, will be shown. 
The overview (or summary) of the two lessons is enclosed. Also 
included is a description of the videotapes for each lesson~7 
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Module A: Pro35 ure 

The goal of Module A is to assist you in examining and clarifying the 
attitudes you hold about sex equity issues which may affect your interactions 
with students. Module A is also concerned with exploring ways in which to 
handle faculty-student interactions so that they are free of sex bias. 

The activities which comprise this module are directed by both this 
workbook and the videotape: Issues in Sex Equity. In each of the activities 
there are a series of tasks. Some of the tasks ask you to work independently 
by reading or by filling out a worksheet; others ask you to share your views 
in your small groups. 

The module is designed to be leaderless, i.e., you will be able to follow 
directions without the intervention of a leader. The Facilitator functions only 
to operate the videotape machine and to remind the group of the time 
constraints. 

You are now ready to begin Module A. 

Go to next page. 
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Task 1.1 

Facilitator: 

Partici pants: 

Facilitator: 

Activity l' Occupations 

Use the videotape: Issues in Sex Equity. Set Memory counte," at #000 
and turn on videotape. 

View videotape. 

When directed by narrator, turn off videotape. 

Go to next page. 



Task 1.2 

Participants: 

Facilitator: 

Participants: 

Facilitator: 

Activity L OCCU 37 'YYlS 

Read this page. 

Allow up to 2 minutes. 

Rationale for Activity 

Everyone has personal views on the roles of the sexes. These views 
influence our life styles. our attitudes towards ourselves and others, and our 
actions. 

Many people believe that particular attributes or characteristics of the 
sexes are biologically or genetically determined, when frequently they are the 
result of subtle, yet pervasive conditioning starting at infancy. Such beliefs 
obviously playa significant role in the way educators counsel students. even 
thOugh all professionals would agree that personal values should not influence 
such counseling. 

Biological and physical differences do exist between the' sexes. It is 
important to acknowledge these differences, but they should be separated 
from those which are ('1liturally determined. Career exploration and 
counseling should be based on an individual student's characteristics, 
interests and abilities, as well as on the requirements for success in the 
career he or she is considering. 

We are in a time of transitio,1 when our society is struggling to shake off 
long established, deeply rooted, yet subtle biases. Educators, therefore, have 
special responsibilities to achieve greater awareness of their personal 
attitudes and beliefs. 

Achieving greater self-awareness requires that you, as an educator: 

1. Examine your personal views from time to time. 

2. Examine why you believe what you believe and to what extent this 
is based on evidence. 

3. Determine what actions you can take so that your attitudes and beliefs 
will not get in the way of your responsibility to work objectively with 
students in a rapidly changing world. 

To help you with these steps. this workshop will focus on increasing self
awareness. If you approach these activities openly. you can gain a great deal 
from them. If. on the other hand. you try to anticipate the outcome of these 
activities by taking the view that there are no differences between the two 
sexes at all. or by indicating only the most "socially acceptable" responses. 
these activities will have less value for you and for other members of your 
group. 

Wait for Facilitator signal to proceed. 

After no more than 2 minutes. move on to next task. 
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Task 1.3 

Participants: 

Activity L Occupations 

On the next page you will find a worksheet listing selected occupations. 
For each occupation. do the following without consulting with your' 
group: 

Column I . Enter your own estimate of the percentage of 
workers that are female in today's labor force. 

Column II . Enter your own estimate of the per'centage of the 
labor force that would be female in a futu're 8oC'il'ty 
that would have no sex bias. 

Column III . For any occupation that you feel would not have 
approximately equal representation of male and 
female workers in the future. indicate the reasons you 
feel the imbalance would still occur. 

Go to next page. 



Activity 1: OCC'! 39 :wns 

Facilitator: Allow up to 15 minutes. 

Worksheet: Task 1.3 
Percentage of Females in Selected Occ'upations 

FEMALE REPRESENTATION 

OCCUPATION PRESENTLY IN THE FUTURE 

I II m 
PERCENTAGE PERCENTAGE" REASON 

1. Engineer 

2. N ursery School Teacher 

3. Practical Nurse 

4. Keypunch Operator 

5. Bus Driver (Public, School) 

6. Construction Worker 

7. Office Receptionist 

8. Automobile Mechanic 

9. House Worker (Private house-
hold cleaner, servant) 

10. Firefighter 

11. Machinist 

12. Building Maintenance (Janitor, 
Sexton) 

13. Shipping. Receiving Clerk 

14. Plumber, Pipefitter 

15. Electrician 

16. Hairdresser. Cosmetologist 

17. Secretary 

18. Bank Teller 

19. Lawyer 

'If future pert'ental!e is not at Or elol,e to 50 ..... )l:ive reason for imbalance. 

Participants: Wait for Facilitator signal to proceed. 

Facilitator: After no more than 15 minutes. mO\'e on to next task. 
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Task 1..4 

Facilitator: 

Participants: 

Facilitator: 

Task 1.5 

Participants: 

Facilitator: 

OCC UPATION 

Activity 1: Occupations 

Turn on videotape to Activity 1: Feedback: Occupational Statistics on 
EmplO'yment O'f Women." Memory counter at about 11135. 

View videotape and compare your worksheet, Column 1. estimates with 
those reported . 

Turn off videotape as directed by narrator. 

'A co p,' of the,e , tati , tics can be found in the Appendix. 

Arrive at a group consensus on the reasons the occupations listed below 
presently have a very low representation of female workers. Space for 
notes is provided. 

Allow up to 10 minutes. 

Worksheet: Task 1 . .5 
Occupations with Law Female Representation in 19HO 

PERCENTAGE 
REASONS FOR UNDER·REPRESENTATION 

OF FEMALES 

Construction Worker 2.7% 

Firefighter 0.4% 

Automobile Mechanic 0.6% 

Plumber 0.7% 

Electrician 1.3% 

Engineer 2.9% 

Participants: Wait for Facilitator signal to proceed. 

Facilitator: After no more than 10 minutes, move on to next task. 



Task 1.6 

Participants: 

Facilitator: 

OCCUPATION 

1. 

2. 

Participants: 

Facilitator: 

Activity 1: OCC1A 41 ,ons' 

As a group, select 2-3 occupations from your Worksheet: Task 1.B, 
Column III, that you feel will be less than 30%female in a future where 
there is no sex bias. Arrive at a grOU[) consensus on the reasons for this 
imbalance. Space for notes is provided below. 

Allow up to 5 minutes. 

Worksheet: Task 1.6 
Occupations with Few Females in the Future 

REASONS 

Wait for Facilitator signal to proceed. 

After no more than .5 minutes. move on to next task. 
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Task 2.1 

Facilitator: 

Participants: 

Facilitator: 

Task 2.2 

Participants: 

Activity 2: Roles 

Turn on videotape to A ctiv ity :2: Roles, Int1·oduction. 
Memory counter at about 11215. 

View videotape. 

Turn off videotape as directed by narrator. 

On the next page, you will find a worksheet containing statements about 
the various role~ of women. Without consulting with your group, review 
each statement on the worksheet, indicate the strength of your personal 
agreement or disagreement. and circle the appropriate number. You 
will have an opportunity to discuss these statements with other members 
of your group during a subsequent task. 

Go to next page. 



Activity r · Roles 
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Facilitator: Allow up to 5 minutes. 

Wcrrksheet: Task .'2.2 
Role Expectations fO'r Women-Personal Beliefs 

ROLE EXPECTATIONS PERSONAL BELIEFS 

STRONGLY STRONGLY 
AGREE DISAGREE 

1. Although women may say that they want careers. their 2 3 4 5 
primary interest is to become wives and mothers. 

2. Although women can be socialized to be competitive 2 3 4 5 
in the business wor ld, this is contrary to their 
tendency to be gentle and nurtu ring. 

3. Since most women are subject to mood swings and 2 3 4 5 
can become emotional and excitable at least part 
of the month. they should not hold positions that 
require stable judgment. 

4. Due to the fact that women do not do as well as men 2 3 <1 5 
in scient ific subjects. it would be a disservice to 
encourage them to pursue careers in this area. 

5. Assertive women alienate their co-workers. bosses. 2 3 4 5 
and teachers. Therefore. it is important for coun-
selors not to provide encouragement for out-spoken 
behavior in female students. 

6. rn the long run. since men a re heads of hou~eholds. 2 3 4 5 
IVomen who work are taking income away from families . 

7. While one may legislate sex equity principles. the 2 3 4 5 
actual practices lag so far behi nd the rulings that 
it would be a disservice to encourage women to 
train for non-trad itional careers. 

8. A working wife will become too independent. 2 3 4 ;) 

9. A married man's chief res ponsiblity should be to his job. 2 3 4 5 

to. Pre-school children suffer if their mothers work. 2 3 4 5 

11. rf a woman is not satisfied being a wife and 2 3 4 5 
mother. it is a sign she has emotional difficulties. 

Participants: Wait for Facilitator signal to proceed . 

Facilitator: After no more than 5 minutes. move on to next task . 
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Task 2.3 

Participants: 

Activity 2: Roles 

Now that you have considered your personal beliefs concerning role 
expectations of women. consult with your group as follows: 

1. Use the copy of Role Expectations for Women: Group Consensus 
on the next page (Worksheet: Task 2.8). 

2. Discuss each statement on the list. 

3. To the extent possible. try to come to consensus on how your 
group feels about the statement. 

4. Circle the number that most closely reflects your group's decision 
about each statement. 

Go to next page. 



Activity 2: Roles 
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Facilitator: Allow up to 15 minutes. 

Worksheet: Task 2.3 
Role Expectalions for wom.en-Graup Cansensus 

ROLE EXPECTATIONS GROUP CONSENSUS 

STRONGLY STRONGLY 
AGREE DISAGREE 

l. Although women may say that they want careers, their 1 2 3 4 5 
primary interest is to become wives and mothers. 

2. Although women can be socialized to be competitive 2 3 4 5 
in the business world, this is contrary to their 
tendency to be gentle and nurturing. 

3. Since most women are subject to mood swings and 2 3 4 5 
can become emotional and excitable at least part 
of the month. they should not hold positions that 
require stable judgment. 

4. Due to the fact that women do not do as well as men 2 3 4 5 
in scientific subjects, it would be a disservice to 
encourage them to pursue careers in this area. 

5. Assertive women alienate their co-workers, bosses, 2 3 4 5 
and teachers. Therefore, it is important for coun-
selors not to provide encouragement for out-spoken 
behavior in female students. 

6. In the long run, since men are heads of households, 1 2 3 4 5 
women who work are taking income away from families. 

7. While one may legislate sex equity principles, the 2 3 4 5 
actual practices lag so far behind the rulings that 
it would be a disservice to encourage women to 
train for non-traditional careers. 

8. A working wife will become too independent. 2 3 4 5 

9. A married man's chief responsiblity should be to his job. 2 3 4 5 

10. Pre-school children suffer if their mothers work. 2 3 4 5 

II. If a woman is not satisfied being a wife and 2 3 4 5 
mother, it is a sign she has emotional difficulties. 

Participants: Wait for Facilitator signal to proceed. 

Facilitator: After no more than 15 minutes, move on to next task. 
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Task 2.4 

Facilitator: 

Participants: 

Facilitator: 

Task 2.5 

Participants: 

Activity 2: Roles 

Turn on videotape to Activity 2: Roles, Commenta11/ on Issues. 
Memory counter at about #225. 

View videotape. 

Turn off videotape at end of Activity 2: Roles. 

You have now completed Activity 2. As a group, decide on when to 
continue with Activity 3, which runs for about 30 minutes. 

Go to next page. 



Task 4.1 

Facilitator: 

Participants: 

Facilitator: 

Task 4.2 

Participants: 

Facilitator: 

Task 4.3 

Facilitator: 

Participants: 

Facilitator: 

Task 4.4 

Participants: 

Facilitator: 

Activity 4: Faculty-Student Interq,ftions 

Turn on videotape to Activity 4: Faculty-Student Interactions: 
Introduction. Memory counter at about #375. 

View videotape. 

Turn off videotape as directed by narrator. 

Identify all the verbal and non-verbal cues in the faculty member's first 
response that could discourage Mary's interest in Electrical Trades. 

Allow up to 2 minutes for discussion; then move on to the next task. 

Turn on videotape: Activity 4: Feedback far Respon.se #1; Response 112. 
Memory counter at about #405. 

View videotape. 

Turn off videotape as directed by narrator. 

Identify all the verbal and non-verbal cues in the faculty member"s 
second response that could discourage Mary's interest in Electrical 
Trades. 

Allow up to 2 minutes for discussion; then move on to the next task. 
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Task 4.5 

Facilitator: 

Participants: 

Facilitator: 

Task 4.6 

Participants: 

Facilitator: 

Task 4.7 

Facilitator: 

Participants: 

Facilitator: 

Task 4.8 

Participants: 

Activity .4: Faculty-Student Interactions 

Turn on videotape: Activity 4: Feedback for Response #2; Response #3. 
Memory counter at about #425. 

View videotape. 

Turn off videotape as directed by narrator. 

Identify all the verbal and non-verbal cues in the faculty member's 
third response that could discourage Mary's interest in Electrical 
Trades. 

Allow up to 2 minutes for discussion: then move on to the ncxt task. 

Turn on videotape: Actil'ity 4: Feedback for Resp(mse #3. 
Memory counter at about #450. 

View videotape. 

Turn off videotape as directed by narrator. 

Read this paragraph. 

As you have seen in the videotape segment. negative and discouraging 
messages can be sent to students through non-verbal cues. Although the 
actual words used may be neutral and provide accurate information. the 
faculty member still must be on guard not to convey negative feelings 
through tone of voice and body language. The following tasks are designed to 
help you further evaluate faculty interactions with students. 

Go to next page. 
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Theme-

Concept 
Development 

Concept 1:. 

Concept 2: 

Concept 3: 

Concept 4: 

COncept 5: 

ConceptS": 

Procedure 

Materials 

Teacher
Preparation: 

Lesson Ovenriew 3: N on-Traditional Careers 

Sex stereotyping in job choice is challenged through a two-step procedure. 
First,. student stereotypes are revealed and then they are shown to be invalid. 
This is accomplished. through discussion questions. a written exercise, and a 
lS-minute videotape depicting people in non-traditional careers. Finally, 
students are encouraged. to expand their own career choices. 

Six. successive- concepts are taught,. each one building on the preceding one. 
Concept development proceeds as follows: 

Many facto~ affect your choice of job. 

Other people subtly influence your choice of job. 

We have expectations- about which- jobs are suitable for males and 
females.. 

Sex stereotyped expectations- about job capabilities are not always valid. 

Some people have- found non-traditional jobs very rewarding. 

You; can expand your work. options- beyond traditional choices. 

In the lesson plarr orr the following pages each activity segment builds toward 
a particular concept. In order to provide closure, the teacher should 
emphasize or- highlight the concept at the end of each segment. 
The lessonplarr is- highly structured. to develop the concepts. However, it also 
allows for a flexibility of uses- and creative expansion by the teacher. 

Student Worksheet: Who Does This Kind of Work? (see page 23) 
Videotape: Neur an the Job /(l5 minutes) 
Videotape Synopsis: (see page. 24) 

Read lessorr plan 
Review worksheet: Who- Does- This- Kind of Work? (see page 23) 
Preview-videotape: New on the Job (lSminutes) 
Read Sex: Equity- Rcl'erences~ 

Historical Perspectives of Sex Role Expectations: 1930-80 
Sex. Stereotyped. Occupations in the Labor Force 
Secondary Level Sex Stereotyped. Occupational Education Courses 
Sex. Equity in the Workplace: It's the Law! 
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Videotape Synopsis-New on the Job (15 minutes) 

This documentary presents live videotaped interviews with three people 
working in a non-traditional setting for their sex. A narrator sets the scene 
by referring to the changing work world. 

Jackie Simmons is an electrician apprentice working at an apartment 
building construction site. She enjoys seeing the product of her work
all the apartments lit up-and know.ing she helped make it happen. She 
sees the men on the job as individualS; some accept her and others are 
more traditional in their ideas: "It would even be hard to bring them 
into the space age!" Her supervisors feel she is doing her share of the 
work; if she needs help, she'll ask for it. They are proud that their union 
has opened the field to women before the government laws forced them 
to do it. 

Mary Jane Squires is a customer engineer for IBM. She services 
typewriters for clients by operating· the machine, diagnosing the 
problem and fixing the machine, using her fingers and hand tools. She 
is aware of the problem of some women using their "femininity" to get 
special treatment or to explain difficulties. However, her attitude is that 
"all of us will face a situation in which we don't know how to fix one of 
the machines-that's a customer engineer problem, not a female 
customer engineer problem." She also speaks of the pressure to do well 
when you are the "only one of your kind" at a meeting. Her supervisor 
speaks of the need to keep expectations the same for all workers. He also 
points out the opportunities for women, and men, in this growing field. 

Luis Serrano is a day care worker in a center for 3- and 4-year-olds. He 
is seen leading the children in song and helping them at a "milk" break. 
He speaks of serving as a male role model for the children of women 
without husbands and of showing through his activities that males do 
not lose their manhood by caring for young children. His supervisor 
points out that there have been no complaints from parents about a male 
working with young children. He mentions the common traits of all 
people who work with children: caring about children and deriving a 
sense of self-esteem from working with them. 
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Theme 

Concept 
Development 

Conceptl~ 

Concept 2: 

ConceptS: 

Concept 4: 

Procedure 

Materials 

Teacher 
Preparation-

Lesson Overoiew 4: Peer Support for 
N on-Traditional Choices 

A stimulus videotape helps students develop peer support for individuals 
making independent, non-traditional choices in courses and careers. Acting
according to one's own abilities and needs is supported as being a source of 
satisfaction_ 

Four successive concepts are taught, each one building- on the preceding one. 
Concept development proceeds as follows: 

Choosing to do something different from your peers may arouse feelings
or eonflict. 

Not acting on-the basis of your own interests can cause feelings of 
dissatisfaction. . 

Supporting peers who make non-traditional choices is encouraging 
independence-_ 

Supporting non-traditional choices now will make it easier in the future 
for males and females. to choose careers and courses based on ability 
and interest. 

In the lesson plan on the following-pages each activity segment builds toward 
a. particular concept. In order to provide closure, the teacher should 
emphasize or highlight the concept at the end of each segment. 

The lesson plan is highly structured to develop the concepts. However, it 
also allows for a. flexibility of uses. and creative expansion by the teacher. 

Student Worksheet What Should They Do? (see page 29) 
Videotape: Person to Person: Choices in a Changing World 

Section 1, MiI.ry; John (3 minutes) 
Videoscript (see page 30) 

Read lesson plan 
Review worksheet: What Should They Do? (see page 29) 
Preview videotape:Person to Person: Choices in a Changing World 

Seetion 1. Mary; John (3 minutes) 
Read Sex Equity References: 

Historical Perspeetives of Sex Role Expeetations: 1930-80 
Women of Importance in Fields Perceived to be Male Domains 
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Videotape/Videoscript-Person ro Person:Choices in a Changing World. 
Section 1: Mary; John 

Mary 

John 

Well I've been thinking about my future a lot. I'm in a secretarial 
program at Manning Vocational and I really hate it. I like working with 
my hands but don't like being in an office all day. I was thinking-my 
dad is an electrician and I've gone on jobs with him and my brother. I 
really like the work and my dad thinks I'm good at it. I know this might 
surprist: you-but I'm thinking of switching over to the Electrical 
Trades program. Now my counselor didn't seem to think the idea was so 
hot. He said I'd be the only girl in Electrical Trader. and that once I got 
out I might have a hard time finding a job. But. still. I like electricity. 
and so I'm not sure what to do. 

I'm at William S. Morrison High School. Last semester. everybody had 
to take sample courses in wood shop, sewing, metal work, and cooking. 
In the sewing section, Mrs. MacElroy-that's our teacher-said that last 
year in the elective sewing class a couple of students made down vests 
for themselves. 

Well. I've been wanting to get a down vest since last winter. but my 
parents say they don't have the money now. And I think that I would 
make a down vest if I took elective sewing. But ... here's the problem. 
Boys don't usually sign up for sewing. I'd be the only boy in an all girl 
class. I don't mind that so much but I wouldn't go for it too much if 
everybody laughed at me. Well, that's my problem: do you think I should 
take elective sewing or not? 
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The work described in this paper stems originally from my concern 

about the very low proportion of girls and women studying physical 

sciences and engineering in the United Kingdom with a view to careers 

in technological fields. The U.K. has about the lowest proportion of 

WOmen professional engineers of any country in the developed world. 

Undoubtedly the situation is particularly poor because the British 

place engineering in rather low esteem, and completely misunderstand 

the role of professional engineers in society. 

While some of the work described here is concerned with influencing 

older girls (over sixteen years) taking science subjects to consider 

careers in engineering, interest has also developed in the reasons why 

younger girls (twelve to sixteen years) drop the study of physical 

science subjects (especially physics) . This interest arises because 

few girls in Britain continue with the study of physical sciences beyond 

the age of fourteen or fifteen. Once they decide to drop such studies 

it then becomes very difficult for them to go into any kind of tech-

nological career at a later stage. This falling away of interest in 

physical sciences is illustrated by the fact that girls constitute 28 per 

cent of ordinary level physics candidates, 18 per cent of advanced level 

physics candidates and 12 per cent of undergraduate physics students. Part 

of the reason for the very low proportion of girls who achieve the necessary 

qualifications in physical sciences and maths at school is the lack of effective 

careers advice for girls. 

We have formed a small research and development team at Loughborough 

University to investigate all these problems and to develop programmes to 

overCome them. 
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Initial Research 

A study of the career development of 345 women engineers in 1974-76 

showed that they had received very little encouragement at school to take 

up careers in engineering. Only two per cent felt that their schools had 

been most influential in encouraging them towards such careers. Friends 

and family were a much more important influence, indeed many had fathers 

or close relations who were engineers. Thus, this research which was 

mainly concerned with later career development indicated that an important 

part of the overall problem lay with schools. 

A further piece of evidence in 1976 was the response from schools to

wards a pilot scheme developed by the Engineering Industry Training Board 

to encourage more girls into industry as technician engineers. This scheme 

involved payments to girls (and subsequently to their employers) who would 

take up training places to train as technicians. Although employers were 

willing to develop the scheme, many head teachers in schools were initially 

hostile to the idea. One head teacher described the thought of girls from 

his school training to become technicians in engineering as ridiculous. 

This was despite the fact that many boys from the same schools were training 

as engineering technicians. 

It was clear from this reaction that many schools were either failing 

to give girls any information or advice about careers in technology and 

engineering, or were actually discouraging them from considering careers in 

these fields. In the end the EITB was able to contact enough girls interested 

in becoming technician engineers (often through women's magazines) to get the 

scheme started. So far this scheme has proved successful and the EITB became 

interested in the possibility of an initiative to encourage more girls into 

engineering at the professional level. 

In 1978, Mr. Eric Lake of the EITB was given special responsibility for 

new initiatives in this field. He visited me at Loughborough University 

because of my research activities on women in engineering and we discussed 

possible developments. At this time I had become aware of developments in 

the USA concerning women in engineering. The American universities and 

engineering institutions had been working hard during the 1970's to increase 

the proportion of women going into engineering. I therefore visited the USA 
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in the Spring of 1979 to investigate the initiatives which were being 

taken, and to find out which ones were proving most successful. This 

visit showed that perhaps the most useful way in which universities 

could encourage girls to consider careers in engineering was by holding 

residential courses for interested girls during the Summer. 

We therefore decided to hold a one week 'pilot' course at 

Loughborough University in July 1979. This would be for girls aged 

seventeen who were taking maths and physical science subjects at school 

or college and who wanted to know more about professional engineering 

as a career. The costs of the course would be covered by the EITB and 

girls would be selected on the basis of academic ability, interest in 

learning about engineering careers, and evidence of wider interests and 

suitable personalities. A natio~al publicity campaign was carried out 

and over 600 applications were received for 30 places on the course. 

This was far in excess of our expectations and the number of places was 

in fact increased to 45. Even so many applicants had to be disappointed. 

The 45 girls were split into five groups of 9 girls and each group 

was placed under the direction of a group leader. The group leaders 

were all women engineers in their rr.id-twenties with degrees and further 

professional qualifications working in industry . They were released for 

the week by their employers who paid the women engineers as normal in the 

belief that the programme was very worthwhile. These group leaders spent 

the whole week with their girls and acted as advisers and role models. 

The residential course consi s t~~ or talks about various areas of 

engineering, visits to relevant University departments, talks by oider 

women engineers about their careers, advice about degree courses, and 

most importantly a full day in industry. The day in industry consisted 

of small groups of girls (usually three in a group) visiting a range of 

manufacturing and consultancy companies in the vicinity of the University. 

The whole day was spent with professional engineers of the company dis

cussing their work and showing the girls what they did in their normal 

work. 

At the end of the week the girls had a very much better idea of what 

engineering was about at professional level. They were in a position to 
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decide whether a career in engineering appealed to them or not. If 

it did interest them they could begin to decide which branch of 

engineering they wanted to study, and which degree courses to apply 

for. 

Follow-up studies of the outcome of the course were twofold. A 

questionnaire on the course itself showed that the girls found the day 

in industry to be of particular value, closely followed by visits to 

University engineering departments. However, all aspects of the course 

programme had been considered very worthwhile and our confidence was 

rising that some of the girls might indeed be considering engineering 

careers. The role played by the group leaders was particularly impcrtant 

and most girls commented very favourably on the help and advice given by 

them. We asked all the girls who attended the course to let us know later 

in the Autumn about their career decisions. We finally received information 

on the decisions reached by 41 of them. Of these 41 girls, 37 decided to 

take a degree course in engineering or engineering science, with the remainder 

deciding to take degree courses in maths or physics. 

In view of the great success of the course in encouraging girls to take 

up careers in engineering, the EITB decided to arrange for nine universities 

spread around the U.K. to offer similar courses in 1980, while ten universities 

offered courses in 1981. Loughborough University has been involved for all 

three years and we have continued to take 45 girlS each year. Over 400 girls 

are now placed on these one week courses (described as 'Insight' courses) and 

applications for places in 1981 numbered over 3,000. An impcrtant feature 

of the 'Insight' courses has undoubtedly been the fact that they are restricted 

to girls. While this may seem unfair to boys, it has resulted in the courses 

having much more impact with the media. Indeed, it could be argued that the 

publicity impact of the 'Insight' programme has been at least as important as 

the outcome of the courses themselves. Another impcrtant consideration is 

that the majority of girls on the first 'Insight' course stated that they 

would not have applied to attend if the course had been open to boys as well 

as girls. This reluctance of girls to compete with boys in science and 

technology is a continuing problem from a young age, and does argue for some 

sex segregation in teaching and a good measure of positive discrimination in 

training. Another impcrtant spin-off from 'Insight' courses is the likeli

hood that the girls involved will go back to their schools full of enthusiasm 
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for technological careers. and armed with valuable information of benefit 

to other school pupils (and also teachers). 

Important general conclusions from the 'Insight' programme are that 

girls are very lacking in information about technological careers and 

industry, that they benefit greatly from direct contact with engineers 

and technologists in a working situation, and that young women engineers 

are of great importance as role models for these girls. 

Research Studies with Insight Applicants and Women Engineering 
Students at Loughborough University 

The Survey Sample 

The 'Insight' programme applicants provided a pool of girls from whom 

we could select a cross-section for interview. We were particularly 

concerned to obtain information on what had attracted them towards engineering 

as a possible career. Also of interest were the attitude of parents and 

teachers, and the sources of careers advice -which had been available to the 

girls. One difficulty was finding the resources to interview applicants 

because they came from allover Britain and a good deal of travelling was 

involved. Finally, 29 girls were interviewed (alone) at their homes or at 

school using a very detailed and structured questionnaire. A wealth of 

valuable information was obtained, and even with a sample of this size we 

have a good deal of confidence in the significance of the results obtained. 

However, while this work was in progress a parallel development was 

taking place which proved of great value to our research and development 

programmes. I had found in the USA that at a number of universities which 

had achieved success in recruiting women engineering students, campus based 

student societies for women engineering students had been formed. These 

societies were affiliated to the national Society of Women Engineers (SWE) 

and were very active in recruitment and careers advisory work on behalf of 

the universities concerned. The student members found considerable benefit 

in joining a society of women engineering students from all branches of 

engineering who could support and assist each other. We therefore decided 

to work with interested students to form a women's engineering student 

society at Loughborough University. In order to do this we had to cont-act 
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women engineering students across the University, and obtained for the 

first time a listing of all such students. We were pleased to find 

that the University had well over 100 women students in engineering 

departments, and from these a sufficient number have been interested 

in joining the new women's engineering society. These students have 

been a very useful source of support and role models for a programme of 

school visits and continuing liaison which is described below. They 

were also another pool of girls that we could interview. We therefore 

decided to interview SOme of the students (on a voluntary basis) to 

provide further information on developments during their school days. 

We also used the opportunity to obtain some information on their 

experiences of university life as women engineering students. Very 

similar results were obtained from each group concerning experiences 

and problems at school, so that we were able to pool the results to 

obtain a total sample size of 55 for key questions. 

Subject Choices at School 

The background of the girls interviewed in terms of their home area, 

social class, type of school attended, occupation of parents and related 

factors will all have SOme bearing on the responses to particular questions. 

However, in this paper we are not reporting the differences and correlations 

based on these criteria. Rather we are reporting the many clear similarities 

in the problems faced by the girls as a result of their deciding to look into 

or indeed follow very atypical careers for women. 

Investigations of ordinary level and advanced level subjects taken at 

school (or college) by the girls interviewed, their reasons for taking them, 

problems over choosing between subject options and related issues have revealed 

considerable variation in practice from school to school . The secondary 

education system in the United Kingdom is decentralised, with head teachers 

having a great deal of control over the bias oE subjects taught. The results 

obtained from our study were therefore rather complex . However, broad 

agreement was reached with other research concerning the key issues, 

particularly the very young age at which girls have to decide whether or 

not to continue studying science subjects, and the ease with which they are 

allowed to opt out of physical sciences. At no schools were girls required 

to take physics beyond the age of fourteen, and in some schools girls could 
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drop all science subjects (even the biology option) at this stage. 

In some schools the option choices were arranged so that girls 

had to choose between physics and 'arts' subjects such as history or 

a second foreign language, subjects which are certain to be popular 

with girls. In many schools practical subjects which might attract 

girls towards engineering, such as metal work or technical drawing 

were seen as alternatives to science for the less academically able, 

and were likely to be offered as option subjects against physics or 

chemistry. In any case, single sex girls schools did not always have 

facilities for such subjects, and in mixed schools there was still a 

strong tendency to organise the study of practical subjects on sexist 

lines, with boys taking technical drawing or wood/metal work, while 

girls took domestic science or home economics. 

Questions on the relationship between subject choices at thirteen 

and decisions about a career in engineering were extremely revealing. 

Thus, of the total group of 55 in the survey, fully 29 of the girls 

decided on a career in engineering only after choosing their advanced 

level subjects. A mere 5 of the girls had decided on a career in 

engineering before choosing their ordinary level subjects. Hence, only 

these five girls were influenced in their choice of ordinary level subjects 

by the idea of a career in engineering, while 29 girls made their choices 

of subjects to study at thirteen and sixteen without any thought of 

engineering as a career. It is not surprising that girls of thirteen have 

not given much consideration to possible careers, and this result should be 

taken in conjunction with later results on lack of effective careers advice 

at school for the girls in the study. 

Careers Advice While at Sohool 

The survey showed that while 45 of the girls had talked to a careers 

teacher, only one of the teachers concerned was dealing with careers 

advisory work on a full-time basis. In addition, only 20 per cent of the 

part-time careers teachers to whom the girls spoke were science teachers. 

Thus, most of the formal careers advice given to the girls at school came 

from teachers of arts subjects, with only a part-time involvement with 

careers. Some very critical comments were made by girls interviewed about 

the lack of useful advice given by these teachers to girls expressing an 
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interest in careers in engineering or applied science. 

Many of the girls had turned to their teachers of physics, chemistry 

and mathematics for advice on careers. Unfortunately, even these teachers 

often had very limited knowledge about careers in technology. We obtained 

clear evidence of some teachers trying to put girls off careers in engineering 

in favour of careers in pure science. This is despite the much better career 

opportunities for engineers in the U.K. Those few teachers who were enthu

siastic about careers in engineering had invariably worked in industry before 

entering the teaching profession. 

Over half of the girls had seen a local authority careers adviser to 

discuss their ideas about careers in technology.While some of the girls 

found the careers adviser helpful, others were again critical, either of 

their lack of knowledge about engineering careers, or the amount of time 

available for the interview. 

Most of the girls had discussed their career ideas with their families 

and friends. A significant proportion of the group had fathers or close 

relatives in engineering, and this had undoubtedly been an influence for 

some girls in deciding on a career in engineering. Amongst other possible 

sources of information about engineering careers, leaflets and brochures 

were most frequently cited as being an influence. However, careers con

ventions, television and radio programmes, books, newspapers and magazines 

were all quoted as sources of information about careers in engineering and 

science. Only 5 girls remembered finding the careers room at school a use

ful source of information. 

When pressed to state the most important source of information about 

engineering as a career, 24 considered that informal talks to people in

volved in engineering had been most important, while 15 thought careers 

literature most important, and only 11 cited events at school or teachers 

as most important. On the amount and nature of careers advice at school 

only 5 girls thought that there was sufficient advice, while 29 girls 

thought there was not nearly enough. Many of the girls felt that top 

priority should be given to improving direct contact with engineers. Closely 

allied to the need for careers advice given by engineers was the need to visit 

industrial sites to see engineers in action. This result agrees closely with 
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our finding that the most worthwhile component of the 'Insight' course 

programme is the day spent in industry alongside working engineers. 

From these results it is clear that even for girls who ultimately 

opted for careers in engineering there were many problems and deficiencies 

within the education and careers advisory system at secondary school level. 

We feel that this lack of identification of physical science studies with 

any recognisable career goal is a major missing dimension for the vast 

majority of girls at school. This is particularly important since girls 

are more mature than boys in outlook and even at the age of thirteen or 

fourteen are beginning to feel their way into womanhood and looking towards 

their future roles in society. The inability of school teachers to explain 

the vital importance of competence in physical science and maths for many of 

the worthwhile careerS that will be available to women in the future is a major 

problem. In addition, young school girls lack role models of successful women 

in science or engineering. The vast majority of physical science teachers are 

men and except in single sex girls schools where there are more women science 

teachers, the school girls find it very difficult to relate to their science 

teachers. Furthermore, . men science teachers may well believe that girls are 

not suited to the study of phYSical sciences, and particularly not engineering 

or technology. 

Thus, while there is a very important role to be played by changes in the 

content of physical sciences courses to make them more relevant to the interests 

and attitudes of girls, we believe that the direct input of information about 

careers for women in technology and engineering can also make a powerful con

tribution to changing attitudes. This information is best imparted by young 

women scientists, technologists and engineers in successful careers outside 

teaching. These women act as role models for younger girls and carry far more 

credibility than older male scientists and engineers (or male school teachers). 

The Loughborough University School Link Programme 

As explained above, we recognise that in the U.K. it is vitally important 

to change attitudes and increase knowledge amongst school girls aged 13-15 

years concerning the relevance of technology to their lives. In order to 

test out our views on the value of using women in technological careers to 

impart information to schoolgirls, we have been developing contacts with 

local secondary schools. We aim to establish continuing links with the schools 
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so that girls from thirteen years old onwards have direct access to the 

University project team. The links will continue over a number of years 

and we hope to encourage many more girls to continue with studies in 

physical sciences and maths and to have careers in technological fields. 

Most of the local schools in the area of the University which take 

girls as pupils have agreed to take part in the programme. We have visited 

the schools to make preliminary contact with head teachers, careers teachers 

and science teachers. Generally, the first step in establishing the link 

will be to speak to groups of schoolgirls in the age range thirteen to fifteen, 

in the presence of their careers or science teachers. This process has already 

started although it will be some time before we have meaningful statistical 

information on the effects of the programme. We aim to both impart information 

and change attitudes. 

The presentation consists of a short introduction explaining the aims of 

the programme, a fifteen minute tape/slide show which outlines career 

possibilities in technology at professional and technician level, and short 

talks by young women engineers or women engineering students. The tape/slide 

show places strong emphasis on the need for continuing studies in physical 

science subjects and mathematics for a worthwhile career in technology. The 

women engineers or engineering students who speak talk mainly about the 

reasons why they opted for careers in technology and about their experiences 

so far. These women tend to be enthusiastic and place stress on the interest 

and variety which they find in their careers, the opportunities for advance

ment, for travel and the relatively good pay and conditions of work. Usually, 

the rather large group of girls is then split into a number of smaller groups 

so that they can talk to the' presenters informally. We also take some 

exhibition stands to the school with a good deal of information on them about 

careers for girls in technology. We feature photographs of women engineers 

and women engineering students prominently on these stands since pictures speak 

louder than words to girls of this age. Alongside the exhibition stands we 

place a variety of printed information about careers in engineering, technology 

and applied science, with the emphasis on the opportunities for women at 

professional, technician and craft levels. 

We hope to establish links with the girls and with their teachers on a 

continuing basis. In this way questions which arise in the girls' minds as a 
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result of the presentations can be followed up later. The girls are 

encouraged to contact the University Project Team, either through their 

teachers or directly, to obtain more information or talk further with us. 

about their career aspirations o They can then be directed to contact 

University engineering, technology or science departments to talk to 

academic staff, arrange visits, or be sent relevant information. 

Alternatively, they can be directed to Loughborough Technical College 

to discuss careers as technicians or as craftswomen. We are also able 

to arrange visits by groups of girls to local employers to see the work 

of technologists in industry, or in public sector employment. The 

University has very close links with industry, and most local employers 

have a positive attitude towards women taking up technological careers. 

Most schools have already agreed to put up notice boards where in

formation relevant to girls interested in careers in technology can be placed. 

We expect to go into schools at least once each year to present our 'information 

package'. In addition, events will be organised at the University for girls 

of various schools with an interest in a particular area of technology (say 

computing or materials engineering) to attend with their teachers. 

As stated above, we have already begun the series of presentations in 

schools, which started in June 1981. While it is much too early to report 

on the long term outcome of our contacts with schools, there are some prelim

inary observations which are worth making. 

Preliminary Observations on School Links Programme 

Firstly, we have found that the majority of teachers are initially in 

favour of the programme. Some are very concerned about the future career 

prospects for their girls, especially with the present high level of un-

employment in the U.K. They recognise the need for a move away from the 

traditional women's careers (teaching, nursing and office work for example), 

Some of the more enlightened teachers recognise that there is no reason why 

girls should not be able to take up technological careers. We have also 

found that for science teachers in mixed schools there is a strong interest 

in encouraging more girls to take physical science subjects. This is 

because of the steady decline in the birthrate of the last twenty years which 

is leading to fewer boys being available to take physics and chemistry. 
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Unless more girls can be persuaded to take physical sciences (especially 

physics) the numbers in classes may drop below the size for realistic 

viability. This would inevitably lead to physics being largely dropped 

from the syllabus f o r older children, affecting boys' education as well 

as that of girls, and leaving teachers of physics with a very limited role. 

Evidence from discussions with (male) physical science teachers indicates 

that they place all or most of the blame for the negative attitude of the 

majority of girls towards physics and chemistry on the girls' parents and 

on society generally. They do not accept that the school experiences of 

girls have played any part in forming their attitude. We have found some 

hostility amongst teachers to our view that schools do discourage girls from 

taking a serious interest in physical sciences, if only by failing to stress 

positively to girls the importance of studying in this area. 

We have so far found considerable interest amongst the girls themselves, 

even those who are already considering careers in other fields. Their level 

of knowledge about careers in applied sciences, technology and engineering is 

extremely low. It is therefore necessary to pitch the content of the session 

at a rather basic level, but to inject interest and enthusiasm into the presen

tation. Often, the girls are reluctant initially to ask questions and need 

encouragement from their teachers. This reluctance stems both from shyness 

and a desire not to show the severe limitations of their knowledge about the 

material we are presenting. However, once initial questions have been raised 

by the girls a vigorous discussion usually takes place. The girls ask their 

most interesting questions when placed in small groups with the women engineering 

students with whom they can more readily identify. They show a considerable 

thirst for information of all kinds, both perso nal information about the women 

engineers and more general information about careers. 

We find that the girls are extremely keen to see all the printed careers 

literature that we take to the schools. Generally, they have seen very little 

of this material before, although it is all freely available from the 

professional institutions, industrial training boards, universities and colleges. 

This is of course a reflection of either the lack of time or lack of interest 

of careers teachers and science teachers . in obtaining this material. 

We have found a completely serious attitude amongst the groups of girls 

we have spoken to so far, even the younger ones aged only thirteen. This 
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increases our conviction that girls of this age are ready to learn about 

careers which are as yet unconventional for girls to take up. We have 

discovered that girls of this age are keen to discuss with us their ideas 

for various careers outside the technological fields we are promoting. 

This indicates their desire to talk to anyone other than their parents or 

teachers who seems to be interested in careers for women outside the con

ventional fields. 

From the initial reaction of girls to these first presentations we 

feel that the basic format is sound, and that the initial approach ~lone 

looks likely to have some impact on the numbers of girls deciding to con-

tinue with physical science subjects. The teachers seem pleased to· have 

identified a source of information about technological careers which they 

can draw on in the future. The women engineers and women engineering 

students find the experience rewarding in itself and beneficial in helping 

them to learn to speak in front of an audience. 

The most contentious aspect of this work is the way in which we are 

restricting the link to girls only. There is no doubt that many boys 

would benefit from the information imparted by the presentations and by 

links with the University staff and students. However, we feel that the 

whole thrust of the activity must be towards girls and ccncentrated on the 

role for women in technology. In a mixed group of boys and girls, the 

boys will almost certainly take the lead in discussion and may well scoff 

at girls asking very basic questions about technology. The girls on the 

other hand are likely to become very inhibited and unwilling to show keen 

interest in the presentation when a large.: number of boys is present. 

So far teachers have accepted the idea of presentations being for 

girls only. However, they may be more reluctant to accept the idea of 

continuing links being available to girls only. Indeed, the Project Team 

has rather uncertain views on this, especially as regards older children, 

and it may be that in years to come some of the contacts and assistance 

will be for boys as well as girls. 

Undoubtedly, the biggest problem for this programme will be finding 

sufficient resources to sustain the links after the initial schools 

presentations have taken place. Most of the women engineering students 
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are only available during term time since they return to their homes all 

over Britain for the University vacations . The Project Team will be 

aiming to increase the interest and commitment of academic staff of relevant 

University departments so that we can confidently pass on enquiries and 

requests from girls and their teachers knowing that they will be dealt with 

properly. This is reasonable since the University departments have a good 

deal to gain from attracting a greater number of girls into engineering. 

We will be following-up the outcome of the programme closely in order 

to justify the resources committed. The major interest will be in the extent 

to which the number of girls continuing with physical sciences and going into 

technological careers increase at each school. 

The Future of the Loughborough Project 

We hope to continue and expand the programmes described in this paper. 

There is continuing and growing interest in the U.K. concerning the issues 

of girls and science education, and technological careers for women. 

Loughborough University is becoming well known for its contributions to 

developments in this field. We wish to use our present reputation to attract 

careers advisers and concerned teachers onto a series of conferences and courses 

at the University. We are convinced that progress in this field will be 

relatively slow unless we can influence the attitudes of these staff and 

increase their knowledge about careers for women in technology. The two 

aspects reinforce each other since negative attitudes amongst teachers often 

stern from lack of knowledge. Indeed, we feel that teachers in general are 

at least as lacking in understanding that girls can be engineers or technologists 

as members of the general public. Indeed, because of their isolation from 

industry and the generality of working life, teachers may have a poorer under

standing of the role of engineers and technologists at professional level than 

most people. 

At the same time we are working on the development of literature about 

women in engineering ar.d technology . Compared with the USA we still lack 

sufficient well presented and eye catching brochures and literature. Photo

graphs of young women engineers and technologists at work will feature strongly 

in this material, as will case studies of the careers of women working in these 

fields. 
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Finally, so far as encouraging girls into technological careers 

is concerned, we wish to promote the work we have been doing so that 

others will be encouraged to develop their own activities. If most 

of the higher and further education institutions in the U.K. were to 

develop links to local schools to promote science and technology for 

girls, the vast majority of school girls and their teachers across the 

country would be involved. We therefore try to take every opportunity 

to publicise our work in newspapers, popular magazines, and journals, 

and on local radio. Women in engineering and technology is a subject 

with considerable news value which we seek to exploit. 

We encourage all our women engineering students to talk to interested 

groups about their experiences whenever possible. Certainly, the va&t 

majority seek opportunities to go back to their old schools and talk 

both formally and informally to younger girls and to teachers. We en-

courage them to talk particularly to head teachers, especially where the 

head previously had doubts about girls going into technological careers. 

We are helped in this by the fact that girls have so far done well on 

engineering degree courses at Loughborough University, so the students have 

a very positive message to pass on. 

As explained in the introduction to this paper, the overall project 

is also very much concerned with the career development of women engineers 

and technologists. Our research shows that there are considerable problems 

to be overcome by women pursuing technological careers, especially with 

respect to career interruption for family reasons. A full discussion of 

our research and programmes in this field is beyond the scope of this paper. 

Suffice it to say that we are working on schemes aimed at minimising the 

difficulties of career development and continuation. This is very important 

since we are beginning to see signs of a definite upturn in the number of 

girls taking up technological careers in the U.K. The numbers are likely 

to accelerate in the next few years and it will be very unsatisfactory if 

a large proportion drop out of such careers at a very young age and do not 

return. 

We feel that there is every prospect of women being able to have full 

careers in technological fields in the future, even if they marry and have 

children. 
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As part of our work we attend conferences and meetings to pass on 

the experiences we have gained so far and to learn from others. Although 

we have a considerable body of knowledge about relevant developments in the 

USA, our knowledge of progress in other European countries has been rather 

weak. We are therefore most grateful to the organisers of the GASAT 

conference for this opportunity to describe our work and to learn from 

other European colleagues about their activities in this vitally important 

field. 
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I'ITRODTlCTION 

5. THE Sr-:IF.IU;" EDUCATION OF GIRLS IN r:ANADA 

A Strategy for r:hange 

by Janet Ferguson 

Science r:ouncil of r:anada 

Ottawa 

You who are attending this conference have a special concern about 

increasing the participation of girls in the world of science and 

technology. It is unlikely, therefore, that you would be surprised to 

learn that technology 1S rapidlv and radically changing the shape of 

society ln Canada, as it is elsewhere in the world. This has been the 

result of technological innovation since the invention of the 

ubiquitous wheel. But the rate at which technological change is 

occuring has acceleraterl to an explosive pace, and the expression "nelY' 

today and gone tomorrow" has come to represent a way of li fe. Future 

shock affects us in every area; in the workplace, where silicon chips 

are making iobs obsolete; in the home, where computers are about to 

become commonplac~; in science, where the fundamental blueprint of 

living material, the gene, can now be designed and built to 

specification; and in medicine, where these genes can be used to 

produce life-saving drugs. A short time ago few science professionals 

would have predicted such developments within this century. Yet today 

they are accepted as commonplace by many people. We no longer even 

marvel at the social revolution created by the introduction of the 

birth control pill. 

Yet, in the face of the obvious and enormous impact of science and 
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technology in our daily lives, the maiority of girls in Canadian high 

schools still no not choose to study science or mathematics. They 

apparently do not realize that at least a minimal understanding of 

these subjects might be important or useful to them in their lives. 

And, up to this point educational policymakers, teachers, parents, 

researchers, counsellors and other adults who have an impact on 

students' education, seem to have accepted this choice as natural ann 

inevitable. The ansence of girls from physics and math classes has not 

provoked much comment or concern. From the point of vie" of most 

adults, there is no prohlem regarding the science education of girls. 

In other words, our first pronlem is that nobody seems to care. 

It is this "nonony cares" prohleM that is currently hein~ attended 

to by the ~cience and Education r.ommittee of the Science Council of 

Canada. The strategy which has neen ildopted to approach the problem 1S 

a natural and necessary consequence of the broader context within which 

this specific problem is heing examined. Thus it will be helpful to 

outline the role of the Science r.ouncil of Canada and the nature and 

origin of its Science and f.ducation study, within which the prohlem of 

girls and science is but one issue. 

neliberative Inquiry as a General Strategy 

The Science Council is Canada's national institute for science 

policy research. Though funned hy the federal government, it functinns 

as an independent institution, rather than as a government department. 

Its nuties are to assess our country's scientific and technological 

resources, needs anrl pot P:n t ial, to make recommenda t ions to the l.1.iniste r 



for Science and Technology, and to seek to increase public awareness of 

scientific and technologic a l issues. 

In IQ7 Q, the Council decided to establish a broad study o f the 

state of science education in the elementary and hi gh schools in 

Canada . This study was undertaken largely in response to a wave of 

criticisms which charge that Canadian science education is failing to 

develop students' appreciation of the personal, social, and national 

relevance of science. For exaMplp., one critic claimed that students 

were not being taught anything about Canadian scientific 

accomplishMents or the impact of science on Canadian society while 

another warned that voung scientists were not being orepared to respond 

to the social responsihilities of science,and that politicians and 

c itizens were not heing taught to deal with the many problems we face 

that have an underlying scienti~ic hasis.l Similar concerns about 

the purposes and practises of science education have been voiced in 

other countries as ~yell. 

Therefore the Science and Education study 1S designed to 

accomplish three Maior aims. The first is the establishment of a 

factual basis for describing the present state of science education in 

Canada . This documentation is clearly required if valid asseSSMents of 

the criticisms are to be made. Secondly, an historical analysis of 

science education in Canada is being conducted in order to provide some 

perspective on the present trends in science teaching. A third aim of 

the study is to stimulate active deliberation concerning future options 

for science education among those responsible for curriculum design, 

and among all the other groups and individuals in society who have an 
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interest in SCience education. 

For a variety of reasons, both practical and theoretical, the 

strate~y which has been adopted for use in the study is one of 

deliberative inquiry rather than simple induction from principle, Or 

deduction from data. The practical reality from which the need for 

this strate~y flows is that the Canadian constitution designates 

education as a responsibility of provincial government s . ~~ile aspects 

of this responsibility are delegated to local school boards, and 

teachers themselves, outside agencies, particular l y those that operate 

on a national basis such as the Science Council, have no authority to 

prescribe educational procedures or programs. In fact, the success of 

the study and its potential impact on the teaching of science depend 

very much on the good will and cooperation of the teachers, school 

boards, and provincia l mi.nistries of education. lJithout this 

cooperation, it is impossible to gather the neces sary data, and the 

conclusions which mi ght ultimately evolve from such a study could 

easily be ignored. 

Rut the deliberative inquirY method has theoretical validity as 

well. IInlike the so-called "hard" sciences whose ideal is the 

unravelling of everlasting truths of the phys ical world, curriculuM 

research is most often directed at determining what kind of educational 

practises and goals are most appropriate in a particular place and 

point in time. This process requires that the concerns of a div e rse 

group of pe ople be taken into consideration. ~ichael Connelly and his 

colleagues2 have no ted that, in fact, every member of society, 

student, teacher, bu sinessman, politician, parent, man and woman has a 



stake in the school curriculum. And the curriculum which is ultimately 

developed for use in schools is shaped hy the various and often 

conflicting demands of these "stakehol<iers". While one group calls for 

a return to the "basics ll of education, another wants to see more 

Canadian content in the curriculum and yet a third insists that the 

social relevance of science must be emphasize<i. One group demands 

equality of opportunity for all students regardless of sex or income, 

while another claims that alternatives must be made available to allow 

for the special needs of certain students. The science educator must 

somehow assess the relative importance of these claims at anyone time. 

Establishing a reasoned basis for action demands that the stakeholders 

be willing to deliberate over the issues. As noted before, the 

relative importance of the claims of anyone Porour may change over a 

period of time as the nee<is of the society within which the school 

operates evolve. Thus there is a need, for an ongoing process of 

deliberation, and for a somewhat flexihle curriculum which is capable 

of being modified to resrond to the new demands that develop. 

The role that the Science Council has chosen to play in this 

process is that of stimulating and mediating active, reasoned debate, 

or deliberation, among the various stakeholders over several current 

Issues in science education. Tn this way, the study is intended to 

reveal new directions and new opportunities for the future. 

This deliberative inquiry strategy has three imrortant components: 

the "stakeholders", both inside and outside the professional educatioll 

community, mUBt be committed to the process of deliberation; secondly 
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there must be a reliahle factual knowledge base upon which arguments 

can be based; and thirdly. there must be a range of issues and 

alternative courses of action which need to be discussed and examined. 

These three components are developing. simultaneously as the Science 

and Education study proceeds, and the issue of the participation of 

girls in science can serve as an illustration. 

A Canadian Workshop on Girls and Science and Technology 

The problem of encouraging more girls to study science and 

technology has emerged as one of the issues to be deliberated in the 

study. In February of this year, the r.ommittee sponsored a one day 

workshop on the Sc ience Educa t ion of l.Jomen in Canada. The workshop was 

attended by about 60 people from a variety of fields who are concerned 

about education. about womens problems in general. or about the 

problems of girl.s and women in SClence in particular. tn line with the 

inquiry aspect of the deliberative inquiry process. this workshop was 

an attempt to document the present situation of girls in relation to 

science and technology in Canadian schools. and to examine some of the 

theoretical and practical i.ssues with which you are all undoubtedly 

very familiar. The fundamental data which are needed to initiate 

deliberation oE this issue are the enrollment statistics for girls in 

science classes across Canada. The attempt which '"las made to ohtain 

these hasic figures quickly revealed a rather unexpected prohlem; the 

statistics in many provinces were not available. No one. it appeared, 

had he en sufficiently aware of or concerned about the absence of girls 

from science classes to attempt a systematic documentation of the 



matter. 

Neverthe.less, the data, though incomplete, reveal once again the 

ahsence of girls from physics and mathematics c lasses reported by 

researchers in many other countries. 1 There are more girls studying 

chemistry than physics and one province eve.n reported more girls than 

boys in this suhject. And again in common with world trends, the 

number of girls studying biology is larger than the number of boys. 

Papers presented at the workshop examined the present theories 

regarding the causes of the situation. nr. Meredith Kimhall, a 

university psychologist discussed the evidence that purports to explain 

the absence of girls from science on the basis of biologicall y 

determined inferior mathematical and spatial-visual abilities. She 

concluded her presentation with the following statement : 

"We have heen asking the wrong quest ion for too long. It is time 

to stop arguing about what sex differences in ability exist, how large 

they are, and where they come from. '!'he question we shoulel be focusing 

our atte.ntion on is why the difference in participation of wOmen anel 

men in scientific fields is so large, when the sex differences in 

intellectual ahility are so small?" 

nther workshop participants went on to discuss the importance of 

environment in developing an interest and ability in science in young 

girls. nr. Fischer's paper outlined the negative feedback theory whi ch 

suggests that inadequate early experience of scientific and technical 

activities leaels to a feeling of discomfort and inadequacy when these 

areas are presented in school, which leads girls to avoid participating 

in them and further increases their lack of understanding of the 
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subiect. A concept of "approval addiction" was introduced and its 

potential effect on the involvement of girls in science was examined. 

Practical aspects of the problem of interesting girls in science 

careers were also discussed, including topics such as role modelling, 

career expectations and awareness and gtJidance counselling. 

Dr. Linda Erickson, recently participated ln a study of Cender and 

Math/Science education for the Rritish Columhia Ministry of 

F,d uc a t ion4 She outlined some of the programs that have been 

developed to improve the participation of girls in mathematics in the 

fJnited States, and discussed their potential effectiveness in improving 

the situation in science 10 Canada. The recommendations that were 

developed by the Rritish Columbia study group addressed four 

educational constituencies: 

1. Those responsible for curriculum development and policies were 

encouraged to draw up sexism guidelines and to develop and select 

curriculum materials with a science and society emphasis. The 

need for programs to improve the informal science knowledge of 

girls in elementary school was also noted. The possibility of 

establishing single sex classes of equal difficulty but using 

curriculum materials more relevant to girls was suggesterl. 

2. Educational researchers were encouraged to study schools with 

usually high or low enrollments of girls in physical sciences for 

purpose of making comparisons. Longitudinal studies of individual 

girls to assess the value of a variety of cognitive, affective, 

and experimential factors in developing an interest in science 

were suggested. And the need to identify more orecisely the 



specific kinds of "commonsense" knowledge that girls !'lay need and 

lac~ in elementary school was mentioned. 

1. To those responsihle for inservice training and preservice 

teacher education it was suggested that programs should be 

designed to help teachers examine their own expectations for girls 

and hoys in science classes. The recommendations to this group 

focused generally on increasing awareness of the prohlem and of 

the importance of teacher attitudes. 

4. Similar programs to increase awareness of the prohlem and of 

the importance of accurate and extensive career information in 

changing girls attitudes to science were suggested to the people 

responsible for preservice and inservice training of school 

counsellors as well. 

nr. Louise Marcil-Lacoste, a philosopher, summarized the events of 

the workshop. She focussed attention on three critically important 

ideas that had gradually developed during the course of the discussion. 

The "nobody cares" prohlem was singled out as the first and most urgent 

area of concern. r:hange in any area of the education system is 

difficult to achieve, especially when that change involves modifying 

long accepted ideas and attitudes. As long as the teachers and parents 

and other important adults remain unaware of the existence of a 

problem, and unconcerned ahout its consequences, nothing will change. 

This therefore, is the first prohlem which must be attacked, and the 

recent activity of the Science Council in this regard will be described 

later. 

Secondly, nr. Marcil-Lacoste outlined in clear and positive terms 
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the need to adopt a pluralistic approach to the problem. 

This concern had emerged as being of central importance in any 

strategy to change the situation in the course of the discussion which 

followed the workshop papers. Educators and other stakeholders 

involved in the planning of options must be aware of the 

multidimensional nature of the causes of the situation. This problem 

does not have one single cause which can be dealt with by means of 

single simplistic solution. A great many different factors operate to 

separate girls from science. The nature of these factors and their 

relative importance varies with the age of the child and her social and 

personal make-up. Activities that help to develop an inituitive 

understanding of scientific concepts may be very important to an 

elementary school chil~, but less so to a high school girl. Sexual 

stereotyping seems to be most powerful in early adolesence when the 

self image is fragile, and feminine identities are being established. 

At the same time, the effects of these factors interact. A child who 

is uncomfortable with scientific subjects and icieas is unlikely to be 

persuaded to study more science by career awareness workshops and role 

models. But perfectly competent girls with excellent science skills 

may need clear role models and career paths to persuade them that 

SClence can be an exciting and rewarding area for women as well as 

men. 

The complexity of the problem requires that action at a number of 

levels of the education system be undertaken simultaneously, if real 

and enduring changes are to be accomplished. Too often studies report 

on the basis of single isolated experiments that role models are not 



not important, that single sex classes or weekend career workshops are 

not effective, and that even girls who seem quite comfortable with math 

and science 1n elementary school lose interest and drop out of these 

subjects in high school. Taken in isolation from other influences, 

these results are confusing. Rut viewed in the light of the kind of 

interaction previously described, these negative results hecome more 

comprehensible. The approach ressemhles that of the person who tries 

to solve a ji~saw puzzle by examining and discardin~ each individual 

piece. It is only when the interrelationship between the pieces is 

examined and tested that the overall pictuce hegins to emer~e. _ 

And finally, or. Marcil-Lacoste put forward for consideration, the 

idea that the nifficulty that is often experienced by researchers 

tryin~ to pinpoint exact causes of the situation may result from the 

fact that this separation of girls from science grows out of what is 

lacking in their education and their daily lives, rather than from 

easily identified concrete obstacles. tole look, in most cases in vain, 

for institutional rules that exclude girls from science classes and 

university faculties. Though formerly it was common to find girls' 

schools in which physics and chemistry were not being offered, these 

archaic institutions have largely disappeared. Yet still girls do not 

enroll in science classes, and it is easy for adults to conclude there 

is nothing more to be done. Bowever, the problem may stem more from 

the things which are not there in their education; the lack of early 

experience of science, including the absence of science as an element 

in play situations; the lack of role models of older girls and women 

who enjoy and are acti~e in science, yet lead successful social and 
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domestic lives as well; the lack of career awareness and good guidance 

counselling to improve it; and perhaps the most difficult feature to 

articulate but of paramount imporcance is the lack of very simple day 

to day accepCance and encouragement hy teachers, parencs, and ochers. 

Most of the adulcs who have been successful in any area of endeavour 

can look back over the course of cheir lives and find one or cwo 

individuals whose encouragemenc and confidence in chern, as children and 

young adulcs, awakened and suscained cheir awareness of their own 

pocencial. The individual componencs of chis sicuation are impossible 

to define because chey are as individual as che people involved. They 

may range from things as simple as a ceacher's posicive and encouraging 

cone of voice, co excensive financial and personal sUPPO[C . 1n any 

case, it seems chac the separacion of girls from science may resulc 

from a consiscent absence of t:,ese support systems, and from the 

absence of other imporcant factors in their experience. Changing this 

situation involves once again, changing attitudes. And as nr. R.ose 

Sheinin, keynote speaker at the workshop, put it, we are told that 

change in any form of preiudice proceeds with glacial speed on the time 

scale of human evolution. It is our concern, and our task cherefore, 

to act as a catalyst to speed up this change. 

Strategy for Change 

The lack of pub lic concern about this issue is being approached by 

the Science Council through a number of doors. The Council is planning 

to issue a formal staCement of concern about the situation. This 

statement is intended to act as an alann bell, to draw attention to the 



situation and to its potentially serlOus consequences for women and for 

Canada as a nation. As a result of this intent, the statement itself 

does not address the substantive issues in any depth. Therefore, 

proceedings of the workshop will be published under the title of "Who 

Turns the Wheel? Proceedings of a Workshop on the Science Education of 

Women in Canada".) This document provides the background data and 

information on which the statement of concern is based. It is 

available from the Science Council on request, but will also be freely 

distributed to a wide range of educational professionals. 

The workshop on the science education of women in Canada was 

sponsored in an attempt to provide a documented hasis for the further 

deliheration of this issue. It is one of !everal methods being 

employed in the Science and fducation study to gather information about 

the critical issues of science education, including this one. A 

nationwide survey of science teachers is being conducted in the form of 

an extensive questionaire which is being distributed to over 10,000 

teachers of science in schools across the country. Such a large scale 

study represents a unique opportunity to gather information on many 

topics, including the one presently under discussion. The 

questionnaire is designerl to elicit information about such issues as 

the general level of erlucation and experience of science teachers at 

each level of the system, the support facilities available to them, 

their goals in teaching science, and the conditions under which science 

is being taught. In addition, several questions aim at determining how 

teachers compare attitudes and abilities of the boys and the girls 
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in their science classes. Taken in combination with the othe r data 

being collected this survey shoulo yield valuable results. 

At the same time, a series of R case studies have been organized 

to be carrieo out hy educational researchers in selected schools across 

Canada. Each of these researchers will spend a total of three weeks 

over a three month period in the science classrooms of a particular 

school. The observation of classes and discussions with teachers will 

then be reported extensively and is intended to provide a more 

intensive and individual picture of the present state of science 

teaching in Canadian schools . These case study researchers have met 

and discussed the guidelines ano emphases to be considereo in their 

observations. It is their intention t o observe the interactions 

between teachers and students both male and female as one of the 

study's concerns. At the workshop it was pointed out that stuoent 

teachers are often surprised to discover that they have oirected most 

of the questions in a practise teaching le sso n to the boys in the 

class. Therefore case study's researchers will be looking for suhtle 

forms of hias operatin~ in the classroom, which may have powerful long

term effects and are difficult to oocument thr ough other forms of 

research. 

Other research activities are underway to provide further 

information about what is happening in science classes in our schools . 

The most commonly used text hooks are heing examined to determine what 

emphasis they place on such issues as Canaoian science achievements, 

and the social applications of science. Provinci a l curriculum 

guidelines are also being studied to estimate the relative importance 



the various Ministries of f.ducation have assigned to such topics. 

All of these research methodologies, th e teacher survey , the case 

studies, the textbook survey, the curriculum guideline study, the 

historical analysis, and the workshop constitute the inquiry aspect of 

the deliberative inquiry strategy. Taken together, the results of 

these activities should provide a formidable data bank upon which 

deliberation can proceed and future options for science education can 

be developed. 

The deliberative phase of the deliberative inquiry is being 

conducted simultaneously but by rather different mean s. A series of 

discussion parers6, typically written by people outside the formal 

elementary and ~econdary education sys tem have been commissioned by the 

Committee. F.ach of these papers examines and criticizes contemporary 

science education from the perspective of a particular stakeholder. 

Possible changes for the future are presented. Each of t~e papers 

puhlished to date presents a unique perspective, and the issues 

discus sed range from "An Engineer' s Pers pect ive on Sc ience Educ at ion" 

to "Science in ~ocial Issues: Implications for Teaching". These papers 

are disseminated to all who request them, Rnd discussion by those 

within the education system (as well as those outside it) is 

encouraged. The papers are supported by a regular Bulletin puhlished 

by the Council and distributed widely throughout the system, four times 

a .vear. The Bulletin documents recent activities of the Scie nce and 

Education study and discusses other publications and events of interest 

to science educators . 

With respect to the lssue of the science education of girls in 
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Canada, the published proceedings of the workshop are expected to 

function in much the same way as a discussion paper . The proceedings 

will be distributed among the same wide community of educators as the 

other discussion papers, and to those others who have a stated interest 

ln SClence education. All recipients are encouraged to take an active 

part in discussion of the issue and to communicate their ideas and 

impressions to the study committee. 

The deliberative inquiry method i.s especially suited to dealing 

with a problem in which the raisini2, of public concern is of primary 

importance . wide distribution of the documents ensures that the issue 

will come to the attention of a large number of people. 1he discussion 

and argument which is generated by the papers, which are intended to be 

controversial and open for debate, stimulates further and more active 

interest. And the potential for input of ideas to the study group 

which might influence the recommendations of final report, tends to 

further encourage active consideration. The strategy is intended to 

emphasize that the planning of educational goals and methods of the 

future is a busi.ness in Ivhich all educators can participate. The fact 

that these publicati.ons are addressed to all levels of the education 

system &om the elementary schools to the ~inistries of Education, 

means that the issues can be considered at a number of different levels 

at the same time. This opens the way for each section of the system to 

generate appropriate responses to the problem at the same time. It may 

he overly optimistic to suppose that this is likely to occur rapirlly, 

but the potential for action to be taken at a number of different 

levels at the same time is maximized. 



The Science and Education Committee is presently considering the 

possibility of p.stablishing a small ad hoc group of interested and 

involved individuals who would recommend further activities to be 

undertaken by the Council in this area. As previously noted, the 

Council has no formal or direct authority for dictating changes and 

directions within the education system. Nor does it function as a 

granting agency which chooses and funds soecific research projects. 

The Council relies for its impact on its reputation for producing 

carefully researched and valid info rmation. In this capacity it is 

well respected and has a wide audience for its publications and 

statemp.nts. Therp. is good reason to suppose that the conclusions of 

the Science and ~ducation study will have a real influence on the 

science education policies and practises of the future. The interest 

of the Science Council in the science education of women has already 

generated some interest in improving the methods whereby enrollment 

statistics are kept in a numher of provinces. The workshop proceedings 

recommended that such information "oulrl be usp.ful and should he 

facilitated by the use of computer technology. nifficulties do arise 

when attempts are made to integrate enrollment in some of the new 

science-based courses such as environmental studies and agricultural 

science into the data collection. These courses are not universally 

avai lable as yet, though the number and ranp,e of courses of this nature 

is i.ncreasing. Also, it is unclear which of these new courses may be 

accepted for university entrance purposes. A strategy for collecting 

and organizing this information needs to he developed. 

At the moment, Science Council activities centre on increasing 

87 



88 

awareness and concern about the situation, a necessary step in changing 

attitudes in any setting. nr. Sheinin claimpd that the collective 

philosophy of our society, which is experienced first and most 

powerfully in the home environment, teaches young girls that WOmen are 

not welcome or needed in the workplace and particularly not in the 

scientific workplace. Schools, churches, the media and friends 

reinforce this message as a child grows up. As a result, a cycle has 

been established in which men and WOmen marry and have children. These 

children grow up and go to school, get degrees or diplomas and 

eventually enter the workforce. Then they in turn hecome the mothers 

and fathers of the next generation, and so the wheel of fortune turns 

and turns. This wheel which carries many bovs on to careers in SC1ence 

and industry seems still to leave the girls behind or turn them 1n 

different directions. What we reallv need to ask is "\-]ho turns this 

wheel, and in what direction?"7 The Science and Education Committee 

in attempting, through the process of stimulating deliberative inquiry 

of the topic, to provide some an .~wers to this question, and to foster 

an atmosohere which will help to turn the wheel in a ne" direction. 
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6. TO ATTRACT AND HOLD YOUNG WOMEN'S INTEREST IN THE PHYSICAL 
SCIENCES (SO THAT THEY CAN ACHIEVE SUCCES EQUAL TO THAT OF YOUNG MEN) 

Luci Ie S. Fink 
Montclair State Col lege 
Upper Montclai r, NJ, USA 
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Researcher s \;orking ;Iith very young children of bot h sexes find the;:' 

to be very interested in and curi ous about the world around them and in III.m;!Jel' 

puzzl es ~nd games. These are certainly traits needed for success as a scientist. 

Since these traits are foun d in very young children we have to examine closely 

what happens to make them disappea r in many young adolescent women. 

Psyc hological and sociological studies have shown that the fa mi ly, 

the school ~nd society at large put constraints on girls which tell th em overtly 
2,3,5 

and covertly that sci enc e and mathematics are rea lly masculine subjects. They (ire 

told furth er tha t to be a success ful "lady" one do esn 't need to be or even want 
53 

to be interested in or succ e ~s ful at these subjects. 

The f am ily which is the fir st format ive influ ence on th~ child ~]-; -Jes 

sma ll girls "feminine" toys and re~lards for being "a little la dy " in dres s, 
4,24,38,49 

thoughts and ac tion s. Girl s are told expl icitly or-impl icitly that "s ucc ess' for them 

is "successful marriage". 

The school, another formati ve influence , reinforces thi s patt ern by 

ha ving cooking and selVing courses scheduled for the gi rls but shop classes for 
4?,54 

the boy s. The t eac her i s oft en an even greater influence in placing a student 
39,58 

into a girl or boy mold . This influence is further reinforced by the textboo ks 

which show boys doing and girls watching. If girls are shown doing, it is a 

"feminine" job such as cook ing, cleaning or help ing . Mommie s stay home to take 

care of the family's need s and do the housework. Daddie s go out into the wo rld 

and have impo rtant jobs. 
Despite these influences , du rh<:j the el em2nt3ry school 

years many girl s do as well or better than boys overall, and even in 

mathematics . 8,4 ,7 ~weve r , durin g the middle sc hool or jun ior 
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high ~cilool years, clue to previou~ influences of sex-stereotyping and the 1',cigIiL",,; J 

awareness of the opposite sex and the societal pressun~ of "not con:peting" the girls ' 
43,60,71,77 

grades drop. These young \vomen do not elect fUI-ther math courses \-:h'jcn develop tl~c 
33 

necessary skiil and knowl edge for high school and college science and technology _ 

Unfortunately, this math avoidance is not opposed by parents ~nd guidance couns elors 

but, on the contrary, most often is bolstered by these adult influences. 

In the United States several important steps are being ta ken to 

correct the situation . Recognizing the problem as starting ear ly in chil dhood, 

groups of concerned parents, teachers, school administrators and con~unity leaders 

successfully convinced the publishers of textbooks to prepare materials that meet 

criteria of fair and equal representation. As a result of these meetings the 

Association of American Publishers has issued a stater;:ent that it is cO:Tmlitted to 

the developnent of material that is bias-free as to content, illustrations and 

language. The Fair Textbook Resou~ce Guide of the Unit ed States Corrmission on 

Civil Rights Clearinghouse Publication 61, December 1919, includes this st31cme nt 
25 

at the head of the index of the materials 1 i sted. 

The science instruction at the junior high level should be of the highest 

quality to raise the level of scientific awareness in the general population (tilose 

who will not study science further but will be the voting public for science 

funding) and to attract and retain those whose interest and skills will lead 

them to science professions and science-related careers. 

The inadequate scientific preparation and consequent lack of positive 

feeling tO~lard science on the part of elementary and middle school teachers are, to 

a large degree,responsible for the declining interest and enrollment of young women 

in science courses later in their careers. 

There was a critical need for pre-service and in-service science 
50 

education,both as perceivr=d by the teachers themselves,and .as indicated by the 
17,34 

research studies. 
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It has been found that the bulk of science instruction for the 

secondary program is in the junior high school, that nearly 50% of the students 

take no science after tenth grade. Yet it is the junior high school teacher 

who has the least adequate content preparation and the poorest facilities. 

The National Science Foundation in recognition of this inadequate 

teacher preparation funded and sponsored many varied science courses for prospec-
23,29 

tive elementary, middle and high school teachers. (See Appendix) In addition to 

these pre-service programs there were many in-service programs planned as well, 

so that scientific literacy could be gained by the teachers and then imparted 
30 

early in the educational process to their students. 

Better career education and counseling at the middle and junior 

high school level is needed to encourage more young women to plan for science 

careers when it is still early enough for them to see the need and have the time 

for taking the mathematics courses for the higher level science subjects to be 

taken in high school and college to fulfill these career plans. 26 

Some schools were found to be very effective in persuading young 

women to attempt high achievement in mathematics. Casserly (1975) identified 20 

high schools which consistently placed an unusually high percentage of these 

students in advanced placement mathematics and science classes. Her study of 

these schools found that there were several common features: (1) these girls 

were identified as early as fourth grade (2) teachers had science, math or engineer-

ing backgrounds rather than "education" training alone (3) the teachers communicated 

c love of and enthusiasm for their subject (4) bright students were grouped together 

in math classes (5) teachers placed a great deal of emphasis on reasoning (6) teach-
14 

ers were supportive and acted as counselors for the students . 



Furthermore, based en psychological studies sho\·ling peer preSSllJ'e ' 
94 

against fema le compet itiveness against males, it has been suggested that all girl 
76 

cla sses might produce more successful math and science students. "Math for Gil' ls" 

an eight week course for 6-14 year old girls conducted by Nancy Kreinberg and 

Rita Liff at the University of California, Berkeley, is a good example. Studies 

have shown that teachers re~ct differently to boys and girls in the classroom as 
46 

to attention paid, behavior toward and ?xpectation from. If there are only girls 

in the class, it \'iould eliminate: these biases. Although this might seem to be a 

step backl·,ard, segl·egation never being seen as good, it might be helpful for· some 

small time period in the educational process when "fear of success" is an im-
9,36 

portant psychological factor. 

One tends to do those things one feels confident in doing and to avoid 

those which produce anxiety. This seems to be the dominant factor in sex-related 

differen ces in mathematics learning. 

In the United States there are now several colleges and universities 

which have established mathematics anxiety clinics to persuade teachers and st udrnt5 

that math abilities are attainable by most students if properly taught and ~lil!l 

adequate emotional support. (Wellesley College in Massachusetts, \oIesleyan University 

in Connecticut, Georgetown University in \oIashington, D.C. and Mills College in 
74 

Oakland, California, to name a few.) 

In conjunction with these clinics, some excellent texts ha'ie been 

published: (1) Math 1'lithou.t Fear by Dr. Carol G. Crawford, (2) Mind over 11ath 

by Stanley Koge lman and Dr. Jos. Warren and (3) Overcoming Math Anxiety by 
19,41,67 . 

Sheila Tobias. 

However, from what we know about the need for math as a preparation 

for science, it would seem that they were working at the wrong end of the educa

tional process. The previously mentioned "Math for Girls" if introducEd at the 

entry level might better correct this problem. 



From 1956 on, there was more interest and activity related to 

development and change in science curricula and instructional materials than 
23 1 51,52,63 

any other equal time period in the educational history of the Uniced States. 
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The National Science Foundation funded the Physical Science Study Committee 

(PSSC) to produce materials for a ne~1 high school physics course. Professional 

scientists from universities worked with high school teache rs to replace rather 

than revise the curriculum. This was a revolutionary move an~ similar to many 

revolution~ had mixed results. On the positive side, the specified curriculum 

was more discipline oriented with a greater emphasis on (1) in depth concentra-

tion on a few concepts (2) the scientifi c method and (3) hands-on laboratory 

experience. On the negative side there was (1) less flexibility for both 

teacher and student and (2) ~iany courses ~Iere cons truct ed so that they ~Iere too 

difficult for the average teacher to present and the average student to learn. 

personally was involved in teaching high school physics for several 

years, both the "old" or traditional cuniculum and the ne~1 Physical Science 

Study Committee Physics. 

The new curriculum had many good features: (1) The exper iments 

were well devised with fairly simple equipment so that even the smaller, less 

affluent schools could use the program (2) The films produced for use with the 

course were superb. (3) It deemphasized memorization and a great deal of tech

nology. But all techno logy ... as omitted, even calorimetry which many students 

in earlier courses had enjoyed as a topic relevant to diet. 

I took the Summer PSSC teachers' course sponsored by the National 

Science Foundation before I taught the program. Although I had been a physics 

major at college, I felt that there would be new techniques for teaching this 

course and I wanted to previe~1 the films and do some of the experiments myself. 
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It ~ias an excellent course \'Ihen taught by a kno\Vledgecble tC(1cher 

to mathematically ~Iell pre[Jared students. Unfortunately, not evel'yone who 

taught the course had the necessary background and training and many students 

were inadequately prepared. The result~ therefor~ were not as consistently 

good as had been hoped for. 

The National Science Foundation also funded an elementary school 

science curriculum pr09ram, Science Curriculu"i Improvement Study (SClS). It 

was essc:nt ially dn "inquil'y-orientecl" progrillli, one structured around a method 

by which the student attempts to solve a problem. It involved a teaching style 

and special techniques of working with children which hoped to establish a 

classroom environment conducive to the development and enhancement of a child 
40 

attitude t0l1ard science emphasis. 

The National Science Foundation has most recently funded the Develcp-

ment in Science Education (DISE) Program to increase the quality and diversity 

of science education, One of its main goals is to focus attention on the mid-

dle or junior high school, with the real izaUon that this important period in 

schooling has been bypassed, concentration having been placed on the elerr,entiJl'y 
15,37 

or high school. The emphasis now is to make the science curriculum relevant 

to the daily life of adolescents, exciting their curiosity and responding 
48 

to their career planning concerns. 

I did an extensive literature search for this paper, reading cbout 

research on the psychology of women, curriculum studies, etc. From vlhat I've 

read, I am convinced that there ~ a great deal that can be done to attract and 

hold young women's interest in the physical sciences so that they can achieve 
32 

success equal to that of young men. Essentially, it is early identification 

and proper emotional development so that society does not lose half of its 
10,12,18 

quality, creative human resources. 
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First of all vie must try to convince parents that baby girl s shou ld 

not be treated differently from baby boys. Mothers and fathers should be 

equally expressive, instrumental and supportive to children of both sexes. A 

mother shou ld not tell her daughter that she doesn't need to know or be pro

ficient in math and sc ience. The father should buy and encourage the use of 

jig-saw puzzles and structural toys such as Tinker Toys, Erector Sets and 

models. It i s especially important i n this age of "\vatchi ng" (television and 

movies) that girls get involved in 'doing: Both parents should foster a high 

degree of independence and self-assertiveness, letting the daughter take the 

initiative in solving problems fOl' herself and developing the same analytic 
7 

abilities as her brother. 

Researchers have found that self-concept or self-esteem are related 
64 

to a great extent to academic achievement. Therefore, young women should be 

allowed, and more tha~ that, encouraged to develop success early in the edu-
20,21,31 

cational process in order to be successful later in achieving careers in science. 

Rosyln Yallovl, a physicist by training and Nobel ~1e dJlist in medicine, has 

stated that creativity has an element of deviancy and unfortunately most girls 
34,45,73 

and women are trained to be conformist. If one expGcts a young woman to be 

independent with a high degree of self -esteem and confidence, this has to be 

fostered very early in her life. Her teachers, and especially those teaching 

science and math, must be secure in their roles so as to act as role models 
56,57 

and must not treat her differently or expect less of her than her male peers. 

Her textbooks should not in any way lead her to perceive herself as less capable 
27 ,28 

of doing all the thi ngs young men can do. Her guidance counselors should be 

bias free so that they can encourage her to take math courses and science courses 

so that her career options are expanded. Our society must change from thinking 
55 

of math as a masculine attribute. Judith Bardwick in her "Psychology of Women", 

1971, has said that 'H the self -esteem of women is to be enhanced either the 

soc i ali za t i on of girl s Ivi 11 have to a lter so they acqu i re the necessa ry 
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'masculine' qualities of independence and assertiveness or the values of soci et y 
5 

will have to change so that' femine' humanistic goals become esteemed or both". 
16,66 

Men and women need role freedom. 

Early adolescence is a crucial period in science education for the 

immediate future of the student and for the long range futl;re of sc.ientific 
22 

discovery. Therefore, Vie, as science educators, must exert our effor'ts to 

develop and implement those character traits and curricula I'/hich l'Iill best 

serv~ these aims. We l'Iill need the help of all society to change the environ-

mental factors as vlell \~hich are the baniers to the full realization of the 

potential of girls and women. When we do this, we will have achieved our 

goal of producing ilS many qualified VlOmcn sci entists as men. 
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My concern for girls' science and technology education derives from 

experiences during many years as a science educator. 
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I taught in both girls' and mixed grammar schools in the two decades 

following the last war. In the girls' schools , where facilities to study 

science were often barely adequate, the girls would choose phy~ics and 

chemistry in numbers comparable to those choosing arts subjects if it was made 

clear to them that t he sciences were acceptable subjects for them to study. 

However, in the larger, mixed grammar school, which had well-equipped l abora

tories, very few girls were to be found in physics and chemistry classes after 

the age of 14 years. 

Late r , when I worked in a teacher training co l lege, I found the young 

women training to become teachers for primary schools felt alienated from the 

physical sciences. They cOTIUl'only cl~imed they hadn ' t been good enough to 'do' 

them, and had little confidence or incentive to try again . I had to start from 

where they were at the time. Several were at the stage of learning to drive 

and one of the most enjoyable courses I ran was 'The Science of the Motor Car'. 

Some were specializing in music and so we looked at the science that could be 

derived from simple music activities in the Infant school. ~Iany times I heard 

them comment, 'lI'hy cou l dn't we have learnt science like this at school?' This 

made me aware of the arid nature of the courses that most of these young women 

had experienced at school and the need to change the image of school science. 

After the introduction of Nuffield Science courses into secondary schools 

in the 1960's I was part of a proj ect enquiring into the extent of their use 

and the factors which in fl uenced this. These new courses were used more 

extensive l y for boys than for girls and I found that some teachers (but by no 

means all) c l aimed tha t girls had more problems with 'the Nuffield approach' 

than did boys . These teachers had clearly-defined assumptions about different 

characteristics and abilities possessed by the two sexes - were they right? 

was able to fo l low t his up by studying the performance of boys and girls 

in the special Nuffield science examinations at GCE '0' level, comparing them 

with more traditional courses and examinations . I found no significant 

differences betl<een boys ' and girls' overall successes in any of the six 

examinations included in the study, whether the courses were 'Nuffield ' or 



106 

more traditional. But two sex differences did emerge from more detailed 

analyses (1) in the relative success of boys and girls when different modes 

of assessment were used (boys tended to achieve higher mean sco res on tests 

containing multiple choice, fixed respon se items, while girls did better 

when extended answers were required) and (2) when sub-groups by type of 

school were compared, girls in girls' schools did better than girls in mixed 

schools, who also achieved fewer percentage passes than the boys from these 

school s. A simi lar effect was not found for boys. (Il~rding 1979). I \;ish to 

comment further on these t,,·o r e l ationships. 

Mode of Assessment 

Several studies ha ve confirmed a sex difference in respons e to mode of 

assess ment. Ferguson (1977) showed that when London University School 

Examinations Board included a multip le choice paper in its ' 0' leve l Biology 

examination boys obtained the higher mean in this paper, whil e girls did better 

than boys on the essay paper. \\~1en th e Associated Examination s Board changed 

its Geography syllabus and at the same time introduced a multiple choice paper 

a sex difference was obtained, with hoys suddenly incr~asing their pass rate 

by ten percentiles. Murph y (1980) detect ed the origin of th is differen ce 

largel y in performance in the multiple choice paper. He has gone on to show 

(Murphy 1981 ) that in most A.EB examinations that include a multiple choice 

paper as well as one in an alternative mode boys improve their performance 

relati ve to girls in the fomer \;hen comparison~ of scores on th e two papers 

are made . Murphy suggests that th e effect may arise from a lin guistic 

disadvantage suffered by boys. There is a tendency to assume that as the 

multiple choice mode is free from the subjective bias of a marker, it provides 

a more reliable mode of asses sment. ·But we know little about the skills 

required to achieve success in the differing modes of assessment, nor whether 

the skills we reward are tho se of most va lue in later life. 

Education consumes large resources and nations are currently responding 

to accountability demands by attempting to monitor pupil s ' educat ional 

performance. This coincides wi th technological advances which mak e machine

mark ed testing an efficient and economi ca l technique . In th e U.S. th e National 

Assessment of Educational Performance has used machine-mark ed t es ts exclusively 

and has found that females achi eve less l1ell at a ll ages tested and in a wide 

variety of subject area s . There is a danger that performance ma y become 

equated with ability : it is therefo re important that we und erstand what gives 

ris e t o these sex differences. 
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The relevance of this di scussion to the study of science lies in the 

increas ing use of multiple choice testing, especiall y in the sciences, as 

feedback to the student of his or her mastery of material as a course develops 

and in recording final achievement. If the mode contains an inbuil t dis

advantage for females their self-image of proficiency in science will be 

further depressed. ~lore carefull y planned research is needed to determine the 

skills candidates employ to achieve success in formal testing and to identify 

any disadvantages suffered by special groups. One small study which attempts 

to isolate the mode from a kno\;Jedge variable is developing at Chelsea College . 

Mixed or Single Sex Schools? 

Readers may know that from 1965 secondary schools in England and Wale s 

have slowly become reorganized to accept a comprehensive intake. Prior to 

this, some 20:: of pupils , boys and girls, were selected by ability tests at 

11+ to at tend grammar schools, while most young people completed their educa

tion in ' seco ndary modern' schools created by the 1944 Education Act . (Some 

priviledged childr en were (and s till are) educated in Indepe nd ent or 'Public' 

schools, whe re fees are payable. A few l.ocal Education Authorities provided 

Technical schools for 13-1 6, 18 year old pupi ls, although the proportion of 

pupils attending such schools was small). An additional change accompanying 

comprehensive reorganization was that schools which had provided for boys' 

and girls ' education separately (sing l e-sex schools) were frequent ly combined 

to form mixed or coeducational sc hoo l s . 

The issue of whether to educate gi rls and boys together or separately had 

been under discussion for many years in England and Wales . R.R. Dale (1974) 

was a staunch supporter of coeducational schools. He ass embl ed data to show 

that, among grammar school pupils, both sexes benefitted sociall y and that 

boys achieved better academic succes s i n mixed schoo ls. Th e data for girls 

were not so clear-cut, indeed , in science, it appeared that gir l s might be 

more success ful in girl s' schools . Ormerod (1975), using a limited sample 

contai ning , however, both grammar and comprehensive, mixed and single sex 

schoo l s, showed that attitudes, to science, we re more polarized between th e 

sexes in mixed schools . Physics, for examp l e, was a moderately popular 

subject in both boys' and gi rl s ' schools, whereas in the mixed schools in 

his sample physics was very popu l ar with the boys and very unpopular with 

the girls. The choice of physics as a subj oct to st udy \Vas simi larly 

polarized. 
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A survey carried out by Her Majesty ' s Instpectors (HMI, 1975) supported 

these results, showing that although fewer girls had an opportunity to study 

physics in girls' schools, when it was available nearly a quarter of them 

chose to study it in years 4 and 5 of th e secondary school (1) (14-16). On 

the other hand a higher proportion of girls were offered physics in mixed 

schools, but fewer of them chose to study it . (See ·· Table 1, Appendi x B). 

It was apparent that a complex interaction of opportunity and expectation was 

operating on girls' choice of science. 

A more recent survey of secondary schools in England (HMI, 1979) has led 

the Inspectors to claim that the differential choice of physics in mixed and 

single sex schools no longer operates in comprehensive schools, but was a 

feature only of the selective system (See Table 2, Appendix B). However, 

the number of girls' comprehensive schools in their sample was rather too 

small to warrant reliable generalizations. 

The issue is, I believe, a complex one. I have argued elsewhere 

(Harding 1979) that it is not the type of school per se that matters but the 

expectations of girls found within a school. 

The history of girls' education in England and Wales shows that two clear 

ideologies have operated. More than 100 years ago a movement arose to give 

girls an education equal to that of their brothers . Prestigeous schools were 

established and many of the girls' grammar scho91s of the first half of the 

century derived from these or were staffed by women educated in them. In such 

s chools wide horizons were offered to girls and no future success appeared 

barred to them. 

On the other hand for the majorit y of average or less able girls not 

attending grammar schools a different expectation operated. This was clearly 

expressed by Newson (1948) in his 'Education of Girls'. He assumed, at that 

time, that girls' education should be different from that of boys. The 

former should be prepared for their roles of wives, mothers and homemakers, 

whereas the latter should be trained as bread-winners or wage-earners. 

Most secondary modern schoolS for girls contained a room for the study 

of biology and facilities for domest i c science, but few, if any, possessed 

physics or chemistry laboratories . The figure s in Table 1 reflect the effect 

of this in the small number of average or less able girls studying the 

1. Readers are directed to Appendix A for a brief account of subject choice and 
the examination system in secondary schools in England and Wales. 
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physical sciences in such schoo l s. Comprehensive schools are obliged to 

provide more laboratories than modern schools, but the official laboratory 

requirement in girls' schools was less than that for boys' and mixed schools 

until Equal Opportunity legislation was passed in 1975. However, financia l 

restrictions operating over recent yean has meant that changes are slow and 

there are many girls' schools still with inadequate laboratory or staffing 

provision. If a comparison is made between the figures for girls and boys 

provided by the KMI (Table 2 and 3, Appendix 8) it can be seen that boys have 

benefitted from an increased provision in science in comprehensive schools, 

but gir l s have not. 

When comprehensive schools were form e d more grew out of modern schools 

at a time when the age group si ze was increasing, than \;ere formed from 

amalgamations of . grammar and modern schools . The dominant ideQlogy for girls' 

education in comprehensi ve schools, whether mixed or single-sex, was likely to 

be that appropriate to the bulk of the pupils - reflecting the stereotype of 

femal e behaviour . However, pockets of the ' equa lity' ideology have persisted 

and can be found in individual schoo l s. In work developing at Chelsea College 

it is becoming apparent that girls' performance in science is strong ly 

influenced by the school 'ethos' and the expectation of girls that this subt l y 

conveys. It is significant that many of the schoo l s in which girl s study the 

sciences and achieve well in them have grown from girls' grammar schoo l s. 

Several schools in the London area whi ch are currently changi ng from sing l e sex 

to mixed schools (as a r es ult, this time, of falling rolls) are collaborating 

in a study to monitor th e progress of equality of opportunity for boys and 

gir ls within the curriculum. 

Initiatives taken by the Association for Science Education 

The Association for Science Education, a professional body of over 17,000 

science edu cators, has expressed pub l ic concern over the problem of gir l s ' 

science education since the early 1970's. Its Ed ucation Coordinating Committee 

has support ed two subcommittees, the first brought the issue to the attention 

of memb er s and culminated in a symposium held at the Annual ~1eeting in January 

1976. As a member who had initiated research into the problem, I was asked 

to organi ze the first symposium and to chair the sub sequent subcommittee 

(Girl s and Physical Sc ien ce). This set out to publicize among members 

strategies which teachers were already using in attempting to meet the problem, 

"hi ch had now been i den ti fi.ed as the small number of gi rl s, re 1 a ti ve to boys, 
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choosing to study physics and chemistry(l). Two accOlmts have been published 

in the bulletin of the Association 'Education in :>cience' (April 1979 and 

April 1980) . The former described how a head of science set out to convey to 

girls and their parents the school's expectation that girls are just as 

capable in the study of science as boys are. He chose girls to demonstrate 

physics and chemistry experiment s when parents toured the laboratories on open 

days . A keen photographer, he took pictures of girls when th ey were busy 

operating equipment, enlarged them and displayed them in the corridors of the 

school, so that girls could become familiar with themselves wOTking as 

scientist s. It was important, he claimed, that there were some women teachers 

of physical science and that all teachers in the school shared the concern that 

girls should choose science. Unfortunately, if subject departments are in 

competi tion "ith each other for able pupils, this may not be so and is one 

consequence of the option choice system operating in schools in England and 

\vales. 

The second report was of a girls' school, about to join with a neigh

bouring boys' school, which reali sed that it was providing an inadequate 

educa tion for its girls in science and that this would possibly influence 

provision in the future mixed school. The combined efforts of the local 

authority science adviser (himself a member of the GaPS subcommittee), a new 

head of careers (a woman historian) and a temporary head of science (a woman 

biologist who regretted not being able to study physics at school) resulted 

in all third year classes of girls being shown a tape /sl ide presentation of 

the importance of physics for future jobs in the teTm before they had to make 

subject choices. They were asked to discuss with their parents which sciences 

they wanted to study and to make a provisional choice, ostensib ly to help the 

science department to plan courses, but in reality to force the girls to think 

about science before they were faced with choices between subj ects. The out

come was that 52 out of 150 girls chose to study physics, whereas none had 

don e so th e year before. Re s ulting fourth year physics classes in the mixed 

school contained equal numbers of boys and girls. 

A grant from the Department of Industry enabled ASE to make multiple copies 

of the tape/slide sequence, so that these could be generally available for use 

in other schools. Many used them during 1981, not all with the marked success 

of the original school, but in the latter case several factors assisted in 

focussing attention and concern on this particular problem at the time it was 

first used. 

1. The trends of subject choices during the 1970 's, as i llustrated by public 
examination entries, are shown in Figures 1 G 2 in Appendix A. 
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The AS[ (1981) has issued very re cen tly a major policy statemen t in 

which it condemns the present opti on system that requi res children to choose 

between physics, chemi stry and bi ology or , in choosin g all three (which onl y 

107. o f boys and 57. of girls do - HMI, 1979) , distort an individual's general 

educati on. 

TI1e Girl s and Physi ca l Sci ence Subcommittee of ASE organized a symposium 

at the 19 81 Annual Meeting. This was att ended hy some 140 teachers and others. 

The tape/slide sequence mentioned above was s hown, strategies used to attract 

girl s to engin eering were described by Dr . G. Chivers. TI1ese in cluded th e 

Engineering I ndustries Training Iloard's initiatives: 'In s ight' i n I.hich Six th 

Form gi rl s, uncertain abou t which direction to go in a science career , are 

invited to spend a week i n one of s everal University Enginee ring Departments, 

and their provision of scholarships for girl s to train as engin eering 

technicians, which has been runnin g for seve r a l years. Hopefully, Dr . Chivers 

I.ill attend th e GASAT Conference to pro vi de more de t ails of these. 

A col l eague of min e , Dr. John Head gave an account of work he had carried 

out on th e personality development of adol escents, from which he derived 

suggest i ons for changes in the sc ience curriculum. lIead used a frame"ork 

derived from Ma r ci a ' s work in the U. S. In thi s it is assumed that the maj or 

t ask facing th e adolescent is that of achieving a mature ego i den tity from 

th e diffuse ego of chil dhood. Two processes are postulated: those of 

commitment to ideo l ogies or values and of crisis, where values and beliefs are 

questi oned. Through the operat ion of both these process es a mature ego may be 

achi eved. The pathways th at individuals follow, however, may appear ve r y 

different. (Se e Appendix C, Figure 3). A young person may seem to rebel, 

questioning and throw in g over all be liefs and values inherited from parent s or 

other sources in the sma ll world of chj ld hood. This i s described as a state 

of moratorium (path Il). Anoth er person may pr oceed by path A in " hi ch 

questionin g and commitment occur gradually, with no major upheavals . Others 

may conti nue t o accept the va lues of their parents or immediate circle without 

quest ion, in a s tat e known as foreclosure, until some chan ge , such as leaving 

home to attend univers ity, disrupt s their security, when a period of ques tion 

ing may lead them to commitment t o persona ll y held beliefs and values (pa th C). 

Some, particularly those in a prot ec t ed or i so l ated community, may never 

chall enge the sta tus quo and r emai n at the foreclosure stage (pat h D) (Head 1980) 

To relate this mod e l of adolescent deve l opment to sc ience cho i ce , one needs 

to exa min e the science presented to young peop l e . If t hi s carri es a male image, 
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which is also unemotional, impersonal and abst ract, as much of school physical 

science appears to be, (Head, 1979 ) few young people who are proceeding by 

paths A and B, and to whom personal and social issues are important, will be 

persuaded to choose it. On the other hand, to a boy at the foreclosure stage, 

accepting traditional values, science may appear an obvious choice, and 

perhaps an attractive one, if it offers a safe, unemotional alternative to the 

personal turmoil threatened by adolescence. Some of these boys, beginning to 

question earlier values as they proceed by pathway C, will tend to change their 

commitment to science, perhaps accounting in part for the 'swing from science ' 

detected amongst university entrants. Girls at foreclosure will choose sub jects 

appropriate to their stereotyped sex roles (unless, in the protected environment 

of a girl s ' school, science is presented as an acceptable choice). 

Head argues ' that if we wish to attract more able, thoughtful young people 

of both sexes into science we must show that its study is relevant to the real 

world problems with which they are beginning to grapple . Other research 

(Ormerod, 1975 and Ahlgren and Warlburg, 1973) have found that girls who choose 

science re cognise its social relevance more strongly than do boys. In the light 

of this an invitation was made to teachers at the symposium to join in a 

curricu lum deve lopment venture to prepare modules of work for year 3 pupils 

which will develop an understanding of science from its applied and social 

aspects. To date, twelve development groups have been set up in different 

region s of England and two modules, electricity and metals, which carry a strong 

masculine image, are planned. 

Girls and Technology 

The school subjects which show the greates t sex bias in the secondary 

schoo l are those which have in the past been classified as 'Craft' : the 

'heavy' crafts such as woodwork and metalwork, traditionally chosen by boys 

and 'domestic' crafts such as cookery and needlework designed for girls. Since 

Equal Opportunity legis lation in 1975 some coeducational schoo l s have provided 

'mixed crafts' for boys and girls during some part of first, second and third 

years of secondary schooling. Duri ng the 1970 's, also, some woodwork-metalwork 

courses began to change . They expanded to include work with 'modern' materials 

such as plastics and objectives changed from emphasis on the finished product 

to broader educational aims embracing problem-solving and decision -making. 

These changes have been reflected in a change in the title of the subject 

offered by some examination boards, e.g. separate 'Woodwork' and 'Metalwork' 

at '0 ' level have been r eplaced by a single subject entitled 'Design and 

Technology '. Departments in schoo l s scrvicing these courses tend to be referred 

to as COT departments (Craft, Design and Technology). But few gir l s ' schools 
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contain such departments, or even a workshop and so girls attending them are 

deprived of opportunities to develop problem-solving and decision-making 

skills. On the other hand, the move to provide girls with workshop experience 

in mixed schools is by no means universal. Even where this is so in early 

years girls still avoid the choice of Design and Technology in years 4 and s. 

Several projects have been initiated to raise the status of technology 

in English schools, for 'Craft' courses have traditionally been used only for 

average or less academically able pupils. The Schools Council 'Project 

Technology' was one of these. More recently the DES have funded research 

based at Oxford University Department of Education to develop technology in 

years - 3 of the secondary school. Neither of these has focussed parti

cularly on the problem of girls' technology education. However, British 

Petroleum have funded a Research Fellow, based at Chelsea College, under my 

supervision, to look more closely at girls' Design and Technology Education . 

The project will work with both girls' and mixed schools and three chief 

aspects will be explored. We plan to identify good practice where it occurs 

and investigate its transferability to other contexts. In this way we hope 

to sharpen understanding of processes hindering good practice. We will 

examine the objectives put forward for COT courses and attempt to identify 

the minimum facilities where none exists at pre sent, required to achieve the 

new educational objectives for girls in girls' schools. Finally we are 

setting out to plan a course in 'Materials Technology', leading to a 16+ 

examination, containing elements of existing courses in physics, chemistry 

and design and technology. 

Postscript 

After many years of wrestling with the problem of girls' science and 

technology education, I am convinced that the cause lies in the expectation 

a SOCiety has of its women. Much patient effort will be needed to bring 

about change. Indications are that some strategies for change may be super

ficial and ineffectual in achieving real Changes in attitudes and behaviour . 

We need to moni tor pro grammes care full y over a peri od of time and to continue 

to exchange insight s and accounts of our several experiences in different 

national and cultural contexts . 
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Appendix A 

Public Examinations and the subject option system in schools in 

England and Wales.* 

Public examinations in England and Wales are not administered by the 

state, but by autonomous examination boards. There are two groups of boards: 

1. Boards administering the General Certificate of Education (GCE) 

which replaced the School Certificate and Higher School Certificate 

in 1951. The latter examinations had been designed to test the 

achievement of pupils in grammar schools and both were group-

subject examinations, i.e. candidates were required to pass in a 

specified minimum of subjects selected from part icular groups in 

order to obtain a certi ficate. The GCE offers a single subj ect entry 

examination. Fees are charged, there are no age restrictions and 

candidates may enter privately or be entered by their school or 

college, in which case the fees are paid by the Local Education 

Authority. Examinations are provided at two main levels: Ordinary, 

'0' level, normally taken by pupils at 16 years after five years of 

secondary education, and Advanced, 'A' level, takEn by pupils at 

18 years after a two year course in what for many years has been 

known as the 'Sixth Form' . Papers at two other levels are offered: 

Alterna ti ve Ordinary, 'A/O' level, providing a more mature approach 

than the common '0' level, and Scholarship, 'S' level, taken by only 

the most able of 'A' level candidates. GeE '0' l eve l examinations 

are designed for the most ahle 20-257. of 16 year old pupils. 

St andards of grade achievements have for many years been norm

referenced. 

2. Goards administering the Certificate of Secondary Education, set up 

in 1963 to provide examinations at 16 years su itable for secondary 

modern school pupils. It was assumed that pupils below the fortieth 

percentile of an overall ability range would not be entered for these 

examinations. Entry arrangements for CSE are similar to those for 

GCE, i .e . s ingle subject entry with no age restriction . Grades have 

usual ly been obtained by some form of norm-referencing. Grade 

* 

CSf is equivalent to a 'pass', now Grades A-C at '0' level. 

Scotland administers her own education through a system somewhat different 
to that in England and Wales. 
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It is the intention of the pr esent gove rnment t o repl ace th e GCE '0' 

l eve l and CSE examinations by a single examination syst em at 16+. Discuss ions 

are currently taking pl ace t o bring this abou t . It is proposed to introduc e 

a degree of criterion r eferencing to t es ting. 

TIl e organization of the 11-16 curriculum has been greatly influenced by 

the 16+ examinati on sys tem . A usual curr iculum pattern f or comprehens ive 

schoo l s is for a common curriculum to be offered in yea r s 1-3 of the 

secondary schoo l. " ith year 3 being re garded as a diagnostic yea r for both 

schoo l s and pupi l s . At some time during this year a decision has to be made 

on the t wo year course leading to public examinations for the majority. 

' Schools have th e r esponsibi lity for deciding. in assoc iat ion with pupils and 

parents, whether or not to enter their pupils for examinations , in which 

subjec t s these should be, ho,,' many and of whi ch level and style. ' (11M! . 1979). 

A coeducational comprehensive school offers about 37 subjects to fourth and 

fifth yea r pupils of >lhich an average child "ill choose 7 or 8. School s 

usually insist on a con~on core consisting of En glish language , mathematics 

and , for mo r e able pupils, a forei gn language, frequently French . Other 

subjects are then grouped and pupils are required to choose one from each 

group . Nany schoo l s insist that at least one science subject is chose n and 

science may appea r as physics, chemistry, biology. human biology, integrated 

or combined sci ence , environment a l science. enginee r ing science or in so me 

other guise. The percentages of boys and girl s choosing the most frequently 

occurring of these are sho"n in Appendix B, Tab l es 2 and 3. 

A result of this system and of single subject ent ry opportunities, is 

that an individual pupil may enter for some subjects at GCE '0' leve l and some 

at CSE, " hile others may enter for all ' 0 ' level subjects , othe r s for all CSE 

subjects and a few (about 20% ove r all) ma y not be ent ered for any public 

examinat ion. 

The trends of entries to selected subjects at GC E '0' l eve l and CSE 

exami nations during the 1970' s are di sp layed in Fi gur es 1 and 2, follo"ing. 

Marked sex differences can be seen in most subjec ts. 
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Figure 2 
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Appendix Il 

Table 1. Options jn fourth and fifth forms : pupils bc in.g offered, choosing 
and taking parti cu lar subjects. Correctcd pcrcenta ges * for comparing 
segregated and mixed schoOls. 

Being offered Choosing Taking 

Sj ngl e 
~li xed Single Mixed Single Mixed sex sex sex 

Per ccnt Pcr ce nt of Per cent 
of totals of those to whom of totals of 

pupils offered pupils 

per cen t per cen t per cent per cent per cent per cent 

Physics: Boys 85 91 60 52 51 47 

Girl s 62 75 23 15 14 

Chemi stry: Boys 81 79 36 35 29 

Girls 75 78 27 22 20 

Biology: Boys 79 91 39 30 31 

Girls 96 96 49 53 47 

* Thesc figurcs arc corrccted to compensate for thc grcater incidence of 
s in gle-sex schools among grammar schools. 

II 

28 

17 

27 

51 

Data extra cted from I'I.M. J. (1975) 'Curricular Difference s for 130 )'s and Gir l s '. 
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Appendix B 

Table 2. Science subjects studied by girls in the fourth and fifth years in 
single sex and mi xed schools: by type of schoo l. 

Percentage of girls studying 

Physics in 

Gi rl s' s chools 

Mixed schools 

Chemistry in 

Girls' school s 

Mixed schools 

Biology in 

Girls ' schoo l s 

Mixed schools 

Human Biology i n 

Gi rls' schools 

Mixed schools 

General or integrated 

Girl s ' schools 

Hixed schoo ls 

Number of school s 

Girls ' schoo l s 

~Iixed sc hools 

Gram. = gramma r school 

Mod. ~ secondary modern 

science in 

FR Compo = Full range comprehensive 

Type of school 

Mod 

Yr 4 Yr 5 

8 5 

2 2 

6 5 

38 29 

37 37 

11 17 

15 15 

19 22 

19 16 

16 

70 

Percentages of gir l s 

Gram FR Comp 

Yr 4 Yr 5 Yr 4 Yr 5 

46 32 11 8 

26 18 13 11 

52 37 21 II 

39 36 21 19 

86 79 66 49 

75 80 51 49 

3 7 18 

10 7 9 9 

4 4 28 16 

6 15 16 

20 8 

13 144 

Data extrac ted from HMI (1979) 'Aspects of Secondary Educa tion in England' 
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Appendix B 

Table 3. Science subjects studied by boys in the fourth and fifth years in 
single sex and mixed schools: by type of school. 

Percentages of boys 

Type of school 

Percentages of boys studying 

Physics in 

Boys' schools 

Mixed schools 

Chemistry in 

Boys' school s 

Mixed schools 

Biology in 

Boys' schools 

Mixed school s 

Human Biology in 

Boys' schools 

Mixed schools 

General or integrated 

Boys' schools 

Mixed schools 

Number of schools 

Boys' schools 

~lixed schools 

Gram. = grammar school 

Mod. = secondary modern 

science in 

FR Compo = Full range comprehensive 

Mod 

Yr 4 

51 

38 

21 

12 

22 

22 

4 

27 

29 

11 

70 

Gram FR Comp 

Yr 5 Yr 4 Yr 5 Yr 4 

48 88 80 65 

37 82 76 49 

23 72 55 48 

13 66 68 33 

18 50 48 43 

17 58 59 28 

2 6 

3 

35 18 

27 4 6 21 

18 11 

13 144 

Data extracted from H~lI (1979) 'Aspects of Secondary Education in England' 

Yr 

60 

47 

38 

32 

36 

28 

7 

~ 

21 

24 

5 
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Figure 3. Model of Ego-Identity Achievement for Adolescents 
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8. CONSEQUENCES FOR SCIENCE EDUCATION BASED ON THE RESULTS OF 

GIRLS' LEARNING INTEREST 

Lore Hoffmann 

Institut fUr die Padagogik der Naturwissenschaften 

an der Universitat Kiel 
BRD 

Introduction 

In the -Federal Re-public of Germany, as well as in other 
countries, science and technology_are domains predominately 
reserved for men. 
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To provide a framework for efforts to r-educe girls being dis

advantaged in the field of science (especially physics) and 
technology education and related therewith to achieve the 
sought for equality_ of opportunity for girls concerning occu
pational choice, it seems to me to be u5eful to consider first 
of all_ the current situation of educat .ion in the Federal Re

public of Germany and to try afterwards to identify sources 

which may be responsible for this disadyantagement of girls. 

By proceeding in this manner there is the possibility to un
cover starting points for concrete measures in the field of 

curriculum development and innovation for achieving the set 
goals and for becoming aware of the possibly necessary accom
panying out-of-school measures. 

In the Federal Republic of Germany no curriculum progra~es 
which stress making science and technology more attractive 

to girls - and in this way reduce girls being disadvantaged 
in the field of education in science and technology - have 

been developed or started now. But there have been some in

vestigations done to analyze the diff~rences between boys' 
and girls' interest in science and discussion of how to .make 
science and technology more attractive to girls increases. 
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In this paper, findings of these investigations will be dealt 

with in some detail and analyzed with a view to identifying 

sources of girls being disadvantaged in the field of science 

and technology education. Concrete consequences for curriculum 

structure for science and technology courses will be derived 

and discussed on the basis of these results. 

The Current Situation in the Field of Science Education 

The number of higher-le vel students (11th to 13th grades of 

the so called 'Gymnasium') who take physics as a high-per
formance course (five hours per week ) or as a basic course 

(three hours per week) is alarmingly low in several of the 

states (Lander) of the Federal Republic of Germany1. Fo r 

example, in North Rhine Westfalia the percentage is 25 , 

in physics which means that 75 , of the higher-level students 

no longer take physics. In table 1 you can see the distri

bution of how many higher-level students took basic or high

performance courses in biology, chemistry and physics in 

the 12th and 13th grades in the first half of the school year 

in 1979 / 1980. In summary, the percentage of higher-level stu

dents who take basic or high-performance courses is about 

81 , in biology, 40 % in chemistry and 33 , in physics. (WHT

NER, 1979). 

Among higher level students who choose physics as high-per

formance course the percentage of girls is only about 10 , 

(EBBINGHAUS, 1977,477). 

1. According to an agreement of the Standing Conference cf 
the Ministers of Education from 1972, the upper stage 
of the "Gymnasium" (grammar or high school, secondary 
le vel II ) was reorganized during recent years: The cen
tral point o f the reorganization was the,phaslng out of 
the traditional age-gr o up class and the lntroductlon,of 
a course and credit system quite similar to the Amerlcan 
model. The realization of this agreement was regulated 
individually by supplementary agreement in the states of 
the Federal Republic of Germany. At the upper stage of 
the "Gymnasium" mathematics continues to be a compulsory 
subject, at least in a form of a bas i c course. In the 
sc iences, i. e. biology. chemis try and phyS1CS . s tud~nts 
are aiven freedom to choose 'semester courses' : a t least, 
suchoa course has to be chosen. 



Among all students in 13th grade of 'Gymnasium' \,ho intend 

to continue their studies at the university after their A

level (Abitur) the portion of girls who want to study physics 

amounts to 6. 7 ~. in 1981 (Bildung im Zahlenspiegel, 1981). 
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Motives for Deciding Not to Elect Physics at Secondary Level II 

The considered results of higher-level students behavior in 

electing courses in the field of science give rise to the 

conclusion that the subject physics is relatively unpopular. 

Which are the motives for deciding not to take physics as an 

elective at secondary level II? 

This question was investigated among others by BORN and EULER 

(1978) and MITTELACHER (1979). BORS and EULER report an exten

sive inquiry of- physics teachers, students and beginners at the 

university. MITTELACHER questioned higher-level students who 
had not chosen a higher-performance course in physics. How

ever the results are not separated according to girls artd boys. 

Essential motivations for the decision not to elect courses 

in physics from the students' viewpoint are: 

the difficulty of the subject itself, the proximity of physics 

to mathematics, the wide range of subject matter, the pressure 

to perform 

- out of fear of getting an unsatisfactory average in the 

"Abitur - report", easier subjects are chosen 2 

- many students get detered by physics instruction at secon

dary level I 

2 . At the end of the 13th grade of the Gymnasium students 
get the certificate "Abitur" (A-level) which makes stu-
dents eligible for university admission. For certain 
overcrowded subjects (e.g. medicine) admission is dependent 
additionally on the joint "Abitur-report", (numerus clausus). 
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In order to clear up this last point, the following arguments 

are mentioned: 

- at secondary level I the students are too little motivated 

by their teachers: physics instruction is characterized as 

being dry, boring and no fun 

the interest of the students are not taken into consideration 

enough 

- lack of relation to application: technological applications 

are too little dealt with 

the importance of physics for todays' society is not ex

hibited enough 

if more experiments had been done by students at secondary 

level I, students at secondary level II would be more in

terested in taking courses in physics. 

On the par~ of the physics teachers the following motives for 

not electing courses in physics are mentioned most frequently: 

- Physics are too difficult, other subjects are easier 

- the students have too little interest, they are in want 

of necessary knowledge (e.g. mathematics) 

- deficiencies of instruction during secondary level I, too 

few experiments 

lack of teachers, frequent cancellation of lessons in se

condary level I 

- the importance of physics is not known to the students. 

Summing up the comments of the students, the situation can 

be described as follows: 

Students must have already had very bad experiences with 

formalistic, boring and poor motivating instruction in phy

sics at secondary level I. Initially existing interest in 

physics has obviously been thoroughly killed. In addition, 

the goals, the urgency and the importance of physics are con-



veyed insufficiently during instruction. In school, physics 

goes over the heads of the students - even of the interested 

ones. (BORN and EULER, 1978, 76f.). 

As one can see, the teachers' and students' estimations of 

the motives for deciding not to elect courses in physics at 

secondary level II are congruent only to a certain extent. 
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Cited by students as one of the main reason for the rejection 

of, and lack of interest in, physics courses at secondary 

level II was that the interest of the students were not taken 

into consideration enough during physics instruction at se

condary level I. 

Which is the interest in physics and technology of the students 

at secondary level I and how does this interest change while 

passing secondary level I? Is the interest in physics of girls 

similar to or different from that of boys? 

These questions were investigated among others by TOOT et al. 

(1974) and WHTNER et al (1979). 

TOOT et al. analysed the interest of students at secondary 

level I of German comprehensive schools in the fields of 

physics and biology. 

They developed a two-dimensional interest questionnaire which, 

firstly, covers the most important teaching subject matter 
respectively the teaching objectives intended by the skeleton 

guiding principles for the fields of biology and physics. 

Secondly, it encompasses student activities which are brought 

to bear in the courses of biology and physics instruction. 

This so-called PIT questionnaire covers a total of ]20 items 

on 5 subject areas each from physics and biology. as well as 
12 student activities. The selected subject areas and student 

activities are provided in table 2 together with the number 

of items provided per subject area. The items of the questionnaire 
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are constructed in such a way that respectively every subject 

area is combined with certain activities. Four such item 

samples can also be found in table 2. Each item was to be 

assessed on the basis of a five point scale, whereby (1) 

was very much and (5) very unwillingly. In addition, other 

inquiry instruments were developed which cannot be dealt 

with in this paper. 

The study was conducted at the beginning of 1974 and involved 

students of grades 5 through 9 (age range: 10 to 15 years). 

For the subsequent excerpts from the report on the results, 

the answers of a total of 5.625 students (2861 boys, 2764 

girls) were considered. Among other things, in the course 

of data analysis variance analyses were used for the subject 

areas and interest scales. 

1) The interest of gir~s and boys in the individual subject 

matter and their different extent at grades 5 through 9 

The mean values of students' interest scores in the subject 

areas in the individual grades are presented in Fig. 1. 

The results show that girls' interest in all the physics 

subject areas investigated here are considerably lower than 

those of the boys. Exactly the opposite is true for the biology 

subject areas. However, the difference of interest in the 

two subject areas zoology and ecology is not as pronounced. 

Besides this, there is a significant decrease of interest 

in most subject areas for girls and boys alike as their age 
increases. The only exceptions are the two biological subject 

areas: anthropology and ecology. 

A significant decrease of interest in all physics-oriented 

subject areas begins earlier by girls than by boys: by girls 

from 6th to 7th grade; boys' interest decreases from 7th to 

8th grade. 

The picture is not so uniform where biology-oriented interest 

are concerned. While the interest of girls as a whole in zoology 



and botany decreases, their interest in anthropo logy and 

ecology increa ses . 
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The change o f mean values throughout grade s 5 thr ough 9 are 

statistically significant in all subareas o f the subj ect areas . 

One exception here is the boys' change of interest in the 

suba reas anthropol ogy and ecology . 

The rank positions of the mean values of the interest o f 

girls in the physics-oriented subj ect areas remain s relatively 

constant . On the :irst places are magnetism and opt ic s . Then 

come thermodynamics, mechanics and electricity. As far as 

the biology-oriented subjects are concerned, the subject area 

anthropo log y changes from third place in 5th grade, to second 

place in 6th and 7th grade, and to first place in 8th and 9th 

grade. The order of the remaining subject areas is as follows: 

zoology, botany, ecology. In 9th grade girls' intere st ranks 

higher in ecology than in botany. 

2) Boys' and gi~Zs' inte~est in oypicai activities in the 

fieZd of natura l sc ie nces and th eir different e=tent in 

g~ades 5 through 9 

The mean values of students' interest in the different activi

ties at the individual class levels are presented in fig. Z 

- separately for boys and girls. 

It can be seen from fig . Z that the interest of girls in most 

of these activities in the field of natural science is distinct

l y lower than that of the boys. Exceptions are the activities: 

observing, learning, explaining and discussing. Interest in 

observing is considerably greater for girls than for boys. 

By learning and by explaining there are no considerable 

differences. By discus s ing, girls' interest at first is lower, 

in grades 8 and 9 but then increas es above that of boys . 
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~nen one observes the course of the mean values of interest 

in activities throughout all class levels, it becomes clear 

that interest in these activities in the field of natural 

sciences decreases for both girls and boys from grades 5 

through 9. An exception here for girls is the activit y "dis
cussing": girls' interest in discussing increases significant

ly from grades 5 through 9. 

Before possible consequences deriving from these findings 

are discussed for structuring physics instruction, the re

sults of the investigation conducted by WELTNER et al. ( 1979 ) 

should be discussed briefly. 

WELTNER et al. investigated girls I and boys I interest in 

physics and technology. The study was carried out in the 

summer of 1977. A total of 1234 students grades 5 to 10 

(age range 11-16 years) of all types of scho.ols existing in 

the Federal Republic of Germany participated in the study. 

Beside others the following aspects were investigated : 

girls' and boys' interest in subject matter from physics 

and technology 

girls' and boys' practical and theoretical orientation 

in the field of physics and technology and 

- girls' and boys' background of experience as well as their 

spare-time interest tn this field . 

A general questionnaire containing groups of questions on 

all these aspects was developed. To illustrate the kind of 

questions here a brief description of some of them: 

From a pool of 34 topics covering the field of mechanics, 

thermodynamics, optics, electricity and nuclear power plants 

the students had to choose those topics, which, in their 

opinion should be included in physics courses. For each topic 

an example was presented expressing . the physics aspect and 

one example expressing the technological aspect. 



Tn examine the practical and theoretical orientation the 

students were asked two different things: firstly, to choose 

up to eight programmes which they would like to watch from a 

presented list of 16 fictional TV programmes. The formulation 

of the one half of the programmes was oriented practically, 

the other half theoretically. Secondly the students hand to 

choose which of the following four methods of teaching they 

would like most: reports by students, experiments done by 

students, lecturing by the teacher or demonstrations of ex

periments done by teachers. 

The findings indicate, that both girls as w-ell as boys are 

more interested in technological than in physics subject 

matter. This preference is more pronounced in the case of 
boys. 

Both girls and boys are more interested in practically orien

ted programmes. As can be seen in table 3 both girls as well 

as 'boys prefer practically oriented instruction in physics. 

As expected, boys' background of experience in the field ,of 

physics and technology is greater than the girls' one. Re

fering to spare-time activities in the field of physics and 

technology there are significant sex differences. See figure 

13 t 

3. Besides this, there exists a positive and significant corre

lation between out-of-school activities concerning physics 

and technology and students' marks in physics, which is par

ticularly pronounced for girls. The correlation is 0.79 for 

girls and 0.29 for boys. Another in~eresting finding results 

from a factor analysis of the chosen subject - matter. Two fac

tors or complexes of interest were obtained for girls and 

three for boys. 
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"The first factor is equally frequent among boys and girls. 

It can be described as a genera~ interest in technicaZ equip 

ment. It includes topics such as "the camera" or "the calculator" 

as \ojell as "the clock" or "the telephone" . .. . For girls a 

second factor was obtained "\ojhich expresses general. interest 

in natura~ phenomena . .. it includes natural phenomena kno\ojn 

from everyday life (such as high and low tides, the Fata 

Morgana, echoes etc.)". 

For bo ys a second factor \ojas identified which a genera~ interest 

in e~ectric phenomena and equipment, it includes topics like 

electric current generators, transistors, electromagnetic 

induction etc. 

"The third dimension of interest could generally be termed 

interest in contemporary problems in physics and technology. 

This includes subjects such as nuclear power plants, satellites. 

radioactivity etc." (WELTNER et al. 1981 , 188). A la s t finding 

which s~ould be mentioned is, that twenty-three physics teachers, 

who were as ke d to predict the interest of their students in 

the t opics mentioned, predicted far more accurately the in

terest of the boys than the interest of the girls. 

Consequences Based on these Findings for the Improvement of 

Girls ' Education in the Field of Science (es pe c iall y Physics) 

and Technology 

What impulses can be deduced from the findings presented t o 

i mp r ove the education of girls in the field of physics and 
tec hno logy? 

As far as science instruct io n at primary school (1s t to 4th 

grade) is considered girls' and boys' interest is equal and 

relativel y high (KAISER & MOSGENS, 1979). 

Already within the first year of secondary level I girls' 

interest in science decreases refering to the boys' interest . 



A strong falling off girls' interest, especially in physics, 

could be observed from the 5th to the 6th grade. That means, 
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if the initial girls' interest in science ought to be preserved 

and supported measures for innovation of science education have 

to begin accordingly already at the first grade of secondary 

level I. 

Doesn't one succeed in motivating girls at secondary level 

one e.g. in physics and technology probably girls will not 

elect high-performanced or basic courses in physics at se

condary level II. With that, the chance of the school to 

enable for girls an access to physics and technology has 

given away far extending. 

It would be too hasty to assume one has nothing but to con

sider the girls' interest in certain subject areas and ac

tivities in science instruction and than the problem of 

girls being disadvantaged in the field of science and tech

nolo~y education would be eliminated. The interest of girls 

represents only one point among others were innovation ne

cessarily has to take place. The problem has to be considered 

in an extensive frame and efforts to solve the problem have 

to be attempted from different points. For example the fin

dings of the described investigations of higher-level students' 

behavior in electing courses as well as of the change of in

terest during secondary level I point to the fact that science 

instruction (especially in physics) as it is performed at 

the schools in the Federal Republic of Germany today needs 

innovation not only for girls but also for boys. 

Within the frame of such an innovation the girls' interest 

science represents one aspect among others, which has to be 

considered. If one tries to identify the differences between 

science instruction at primary level and at secondary level I 

in order to get an explanation for the falling off interest 

alread y at the beginning of secondary level I it is to observe 

that science instruction at primary level is relatively oriented 

at the experienced world and environments of the children. But 
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the very lack of relation of real life at secondary level I 

is stated by students as a substantial reason for unpopularity 

of physics. 

The general expressed valuations and wishes about the methods 

of instruction and innovation of the physics instruction girls 

and boys are very similar. (GOTTSCHING 1975; WELTNER et al. 

'9 79). If one takes into consideration the interest against certain 

.subject IlBtters and · .specific activities as well as the real be

haviour of the girls electing basic and higher level courses at 

secondary level I and corresponding the election of the faculty 

there are clearly differences remarkable ( TOOT et al. ,1974 ; 

Bildung im Zahlenspiegel, 1981) . This disagreement authorizes 

assumption that ·sources of disadvantagement of girls in the 

field of science and technological education are to be found 

in other areas, too and corresponding to that processes of 

changing will have to be put up there. This point needs a 

dicussion in detail, however, it is not po~sible to do it 

within the extend of this paper.But some of those areas 

should be shortly mentioned where efforts for innovation will 

have to be put up parallel . 

Such an area represents the role identification of girlS as it 

is impressed, lead and on many fields promoted by our society . 

Examples theref0re are: In schoolbooks offerd female models for 

identification (Bittmann,1978;1980; Nave-Herz, 1978); the retained 
prejudice of a wide portion of the population,of scientists, but 

as well of some physics teachers, that girls "by nature" are less 

gifted and less motivated in science in general and particularely 

in physics and technology ( Pygmaleon effect,ROSE ~THAL, 1968)? 

as well as the representation of science and technology as 

characteristically ·male and connected. with . that a far -reaching 

reservation corresponding areas of occupation more or less 

exclusively for men. That here the public media could contribute 

effectivily to change traditional and stabilized structures 

demonstrates among others KROPIONIGG ( 1979). 
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After this short outlining of the frame where in my opinion 
processes of change have to be put up, in so far one takes 
seriously the intention to reduce the disadvantagement of girls 
in science education and of opportunity concerning occupational 
choice. Now to the inpulses for curriculum structure for science 

and technology courses which can be derived from the available 
findings: 

To motivate girls, and in wide areas the boys, too, for a better 

engagement in_physics and techriology by instruction_at secondary 

level I it would be necessary to make aware and to demonstrate 
the relation of physics to work-a-day world and importance 
of physics for our society. That means, technical application 

and physical problems of work-a-day world should be 
subject of physic instruction, too. 

The close connection between technical[ scientific and social! 

economic developments should be subject of physics instruction. 
- Experiences by testing certain lPN-curricula allow the 

assumption that in this way the engagement of girls in physics 

instruction can be promoted.-

Taking up and explaining natural phenomina in science instruction 

would encounter girls'interest and probably highten theTe interest 
for subject areas. 

Following TODT et al. (1974) among others the need for cooperation 

increases by girls from the 5th to the 6th grade. Frequent 
practicing of experiments done by students and working in small 
groups would be therefore useful, too for the engagement of girls 
with the subjects of physics instruction. 

By offering adequate models for identification,e. g. women 
employed in scientific occupations, women applicating physics 
knowledge in their spare-time respectively in their work-a-day 
world could contribute to modify role perception of a wide portion 
of girls. 
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To give the girls a survey about opportunities and applications 
of physical and technical knowledge, informations of corresponding 

occupations and fields where scientific and technical knowledge 

is applicated, and to which science education is a condition, 

it should be subject of instruction. 

The mentioned suggestions are of general character and they are 

not very new. They have been applicated and they are applicated 

more or less unsystematically in traditional physics instructions. 

In how far they are effective to reduce the disadvantagement of 

girls in the field of science and technological education, can 

only prove their consistent realization and testing in concrete 

instruction. 
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table 1 : Frequency of electing basic (Be) and high-performance courses 
(1-1 PC) in science e.g. biology, chemistry, and phy s ics at the 

12th and 13th gAade of the hAst hillf of the school year in 

1979/1980 (in r er cent). 

biology chemistry physias 

HPC BC t o - tlPC BC t o - HPC BC 
g"ther g"r.her 

Baden-Wurternberg 31,4 40,5 71,9 11, 2 30,2 41,4 17,8 17,0 

Bavaria 12,7 63,4 76,1 7,7 31,1 38,8 14,4 23,2 

Bremen 31,8 35,S 67,3 9,6 20,6 30,2 13,4 15,3 

Hamburg 43,8 32,6 76 ,4 13,0 26,6 ]9,6 12,8 16,0 

He sse 38,9 45,4 84, J 12,9 43,0 55,9 12,1 27,0 

Lower Saxo ny 35,8 37,8 73,6 11,<J 16,6 28,5 12,8 12, ] 

North Rhine Westfalia 33,8 40,5 74,3 5,9 17,4 23,3 8,2 14,6 

Rhineland Palatinate 46,1 33,2 79,3 16,1 33,1 49,2 16,7 19,0 

Saarland 43,1 27,3 70,4 19,6 18,0 37,6 14,0 12,6 

Sc hleswig-Holstein 32,3 45,3 77,6 8,3 32,4 40,7 13, ] 14,8 

Berlin 39,9 41,2 81, I 12,2 34,1 46,3 11,5 25,2 

taken from: WILLENBAClIER, 1981, 56. 

t o -
gether 

34,8 

]7,6 

28,7 

28,8 

]9,1 

25,1 

22,8 

]5,7 

26,6 

28,1 

]6,7 

w 

'" 
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Tabel 2: Structure of the questionnaire "preferences of contents 
and activities" (PIT) 

(in patantheses the number of items is given; the total number 
of items n = 120) 

subject areas activities 

phys ics 

botany 

(59): theory of heat ( 13) 

optics ( 1 1 ) 

mechanics ( 14) give reasons 

magnetism ( 5) reflect on 

elec trici ty ( 16) examine 

experiment 

observe 

(6 I ) : anthropology (27) 
measure 

botany (12) 
discuss 

zoology ( 15) 
draw 

environment ( 3) 
calculate 

cytology, genetics ( 4) 
learn 

in the same way as for "theory of heat" the other subject matters 
are combined with the activities 

taken from TOOT et al. 1974, 12 

A few examples for items: 

- To make a schematic drawing of the construction of a cell 

- To discuss what influence the invention of the steam engine to 
technical development has had 

to giv~easons for the fact that during summertime the interior 
from a dark car is much hotter than from a brigt one 

- To learn what a light year is 



Figure 1. Mean values of students' interest in the different subject areas 
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Figure 2: ~[ean value s o f students I interest in different activitie s of science 
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Table 3: Student preference for different 

methods of teaching 

Total 
Feature in lesson sample BoY' Girl. 

Theoretical work done by 
the students - 11 0

0 90
0 13°" 

Experiments done 
b,- the students 71 0

0 720
0 690

0 

Lecturing bv 
the teacher 10

0 1 0 
0 1 0

0 

Demonstrations of 
experiments done by 
the teacher 

14
0

" 14
0

" 
15 0

0 

~o answer 3°~ 4 0 
0 2°~ 

taken from WELTNER et al., 1980, 186. 

Residence 
Urban Rural 

40 
0 60

0 

660
0 780

0 

20
0 00

0 

240
0 10"0 

4 0
0 60

0 

Figure 3: Students' science and technology activities 

carried out in their spare time 
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Don Low 
Orange Coast Col lege 
Costa Mesa, Cal ifornia, USA 

9. A DESCRIPTION OF THf SCIENCE CAREER WORKSHOP PROJECl'FOR WOMEN IN SCIENCE 

That women are under-represented and under-employed in math/science

related occupations is well documented. Women currently comprise over 40% 

of the work force in the United States and yet no more than 15% of the 

Country's scientists and fewer than 3% of it's engineers are women. The 

percentages of women in other math/science-related areas are similarly low 

relative to their proportion in the labor force. Recognizing this problem, 

and the need both to offer encouragement to women entering into mathematics 

and science-related fields of study, and the need to recruit more women in

to those fields, Orange Coast College in Costa Mesa, California (rSA), sub

mitted a proposal to the National Science Foundation in the Spring 07 1981, 

outlining and seeking financial support for, a program that involved faculty 

felt would produce that end result . The proposal was one of two submitteu 

by community (junior) colleges nationally that was selected for funding, 

and one of only 34 from among all colleqes that received support. This 

paper will describe the College, and project as it was proposed and as it is 

currently being developed. 

Orange Coast College is one of the largest community colleges in the 

United States, with a current enrollment of some 33,000 students, slightly 

more than 50% of which are female. The College provides programs of study 

in some 70 technical areas and offers a full range of studies for those 

transferring on to four-year colleges and universities. It is located on 

a 200 acre campus just a few miles from the Pacific Ocean in the city of 

Costa Mesa, California, in the midst of the rapidly growing, highly tech-

nical, and largely science/math-related, industrial area of Orange County, 

California. 

Orange Coast College is pl~. nninq a one-day career workshop for Women 
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in Science which it will conduct in February of 1982. An advisory panel 

of women scientists and engineers from the local area, as well as others 

from the College, are in the process of determing the nature of the sessions 

and identifying presentors and panelists. Preliminary plans call for panel 

presentations and discussions in all the science/math-related areas, with 

panelists beina women prepared and empl oyed in science/math-related fields, 

and special presentations deal in(j with such things as math anxiety, math/ 

science careers and traditional values, career outlook for women, career 

search techniques, presentation of self, assertion, and other topics of 

particular interest to women contemplating non-traditional programs and 

erJployment. The workshop will include opening and clrsing addresses by 

women in science who have been recognized for their achievements, for the 

imaqe they project to other women, for their personal qualities, and for 

t heir ability to inspire. Ample opportunity will be providc,d by breaks 

and a catered luncheon, for interaction between participants and presen

tors . Participants will have an opportunity to evaluate the day's activi

ties, as well as the presentors, in the closing session. The workshop 

will be publicized both on and off Campus through brochures, ne\~s releases, 

announcements in math/SCience classes, through the women's center, posters, 

and in any other way that has potential for attracting women to the pro(jram. 

Channel 50, the District owned television station, will cooperate fully in 

the effort to aporise women of this opportunity. 

The most unique feature of the program being developed at Orange Coast 

ColleQe is not the workshop itself hut the continuing activity planned as a 

follow-up to the Women in Science workshop. The activity is called "Shadow

ing" and is being designed to bring women students in math/science.related 

maj ors into contact wi th women employed in these area s - ~lOmen who have com-
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pleted similar programs and who have degrees in the area of the student's 

major. Evidence suqgests that more often than not the college woman major

ing in mathematics and/or the sciences knows no other woman personally, if 

at all, that is employed in the area of her ma jor . She consequentl y has 

nQ role model to look to and to model after. The shadowing program will 

attempt to correct this deficiency hy identifying women scientists and 

engineers who will serve in this capacity, as role models, for these young 

women, and will spend time with them and give them a chance to relate to a 

woman employed in the occupational areas they have chosen. It is believed 

that the opportunity to observe viOmen in the field, and to interact with 

them, will not only positively effect the women students themselves but 

I~ill have a ri ppl e effect in terms of other loJomen they know. 

Orange County, Cal ifornia, has perhaps the greatest concentration of 

high technology industry of any county in the United States, and among the 

thousands of scientists and engineers employed by these concerns are signi

ficant numbers of women. While these women are not normally visible to 

student populations they are nevertheless available to them. Preliminary 

work has suggested that these professionals are in fact eager to provide 

information to and to interact with students. 

In the summer of 1980, Orange Coast College, with assistance from the 

~ational Alliance for Business, sent letters to affirmative action officers 

in approximately 1,000 business and industrial concerns in the greater 

Orange County area. The letter was designed to determine the number of 

women employed in professional level math/science-related occupations in 

these companies , and B.fter descri hing the "shadowing" concept, sought to 

determine hoth whether women employees would be interested in participating 

in "shadowing" and whether the company would permit their involvement. The 
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response has been most gratifying, suggesting to us that there are both 

large numbers of women scientists and engineers willing to give time to 

math/science-interested students and companies that are willing to make 

it possible for them to do so. 

The shadowing activity will be organized around a cross-referenced 

guide, developed with the funding available through the National Science 

Foundation, which will contain the names, brief biographies, and position 

descriptions of women scientists and engineers participating in the pro

gram. Possibilities for arranging to spend time on the job with these 

women will be advertised to students through math/science classes, through 

the counseling service, and in other appropriate ways. To prevent any 

possible abuse to the program contact between student and professional 

would be coordinated through the project director. Students \~ould not 

have direct access to the women involved until after the initial contact 

had been made by the director. After this contact the student would then 

make the arrangements for spending time on the job directly with the 

woman scientist or engineer involved . The length of time would depend on 

the circumstances and might vary from perhaps a day to several days of 

weeks, based upon what the ~ployee and student can work out and upon the 

relationship they develop. We would expect some to continue over a fairly 

long period of time. 

With industrial concerns like Fluor, Beckman, Rockwell, Aerojet Gene

ral, Chevron Research, Hunt-Wesson Foods, TRW, Union Oil, a variety of 

medical and pharmaceutical companies, and ma ny others in the area, and in 

view of the response to our initial letter, it is anticipated that we could 

begin the "shadowing" program with a 1 isting of at least 100 to 150 women 

scientists and engineers. He believe that number could easily be increased 
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to 200 or 300, with every specialty in the math/science areas represented, 

within a very short time. 

The "shadowing" activity will continue over an 18 month period follow

ing the date of the workshop, and upon its completion - and during its pro

gress actually, will be thoroughly evaluated. It is anticipated that eval

uations will confirm the programs worth and that it will be continued until 

such time as it is no longer necessary, because of equality of opportunity, 

to provide such programs. Until that time we bel ieve this kind of approa'ch 

will produce increased numbers of women in science/math-related fields, and 

thereby move us closer to that time when equality is an actuality. 



10. GIRLS AND PHYSICS TEXTBOOKS IN THE HANDROVER-PROJECT 

I 1 j a Mo t tie r 

Mini s try of Education 

The Hague , Th e Ne therla nd s 

The underrepresentation of women in science and techno l ogy 

isn't an isolated problem, it i s part of the general probl em 

of "'.;omen and education". What is felt as a problem is the 

fact that in all Western countries there is a difference 

in the educational career of girls and boys and t hat the 

difference turns out to be a disadvantage for the girls . 

A description of the entire Dutch situation i s impossible 

to give in this context. Sut some facts may be usefu l. 

At first a very rough outlook of the Dutch educati ona l structure. 

From 6 to 12 years of age:primary education. Same instruction 

(apart from special education) for a ll chi l dren . Coeducation 

and coinstr uct i on i n all the schoo l s. 

There may still be school s with seperate lessons in cra fts or 

need l ework, but t heir number is decreasing. 

The same accounts for physical education. 

From 12 years on : a rather complex system of seconda ry educat i on . 

The main feature is that general educat ion a nd vocat i onal 

education take pl ace in separate schools. There i s no integrated 

or comprehensive system in secondary education yet, but politica l 

consensus on its des irability is growing. 
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Genera l education has three types of schools:four years, five years 

and six years . The six years-school is the pre-university school. 

Vocational educa tion at the first level takes four years. 

There are schools for technical education, domestic education , 

agricultural education, economic and administrative education, 

commercia l and nautical education. 

Mos tl y in separa te schools, but there is a tendency towards 

integrati on. That means: no l onger separate school s for technical 

and domestic educa tion, but one school for vocat i onal educati on . 

All schools are open to both sexes, but i n practice almost the 

entire population of schools for domest i c education i s f ema l e, 

the population of the technical schools i s male. 

In genera l education there is coinstructi on in a ll subjects, 

except for physical education . 

This bri ef infor~ation he lps to understand be tter the following facts: 
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Girls who at an age of 16 years leave domestic education 

(4 years) with a certificate are registered as "unskilled workers". 

Boys who at the same age leave technical education (4 years) 

wi th a certificate are registered as "skilled workers". 

Schooling is compulsory until the age of 16. In all types 

of schools girls after sixteen drop out in a higher percentage than 

boys. 

Girls and boys enter general education in equal percentages. 

The number of girls decreases as the level of schooling raises. 

In general education, boys choose the math and science subjects, 

girls take the languages. By this boys have more chances in 

choosing continuing studies or jobs. 

These are only some examples. They could be completed by facts 

about primary education or higher education. 

But the trend is clear and resembles those in the other Western 

countries, apart from some details resulting from the special 

Dutch situation. 

To resume: the system turns out to offer girls less educational 

opportuni ties and hence less career possibilities. 

We won't deal with the historical, economic and social causes, 

but rather look at possible measures to reduce the differences. 

Of course, prior analysis of the historical causes 

is necessary, as well as the formulation of the 

ultimate goal. This decides on the nature of the 

policy measures to be taken. 

Our philosophy is, in brief: education must prepare 

girls and boys for an adul t life in which both fulfil 

professional and domestic activities. 

Girls and boys must be able to make free choices. 

Education must try to eliminate as much as possible 

the factor "sex" as a restrictive factor for that choice. 

Improvements in the educational structure can be made at different levels: 

school structure, teacher training, curriculum and textbooks. 

It is difficult to decide where priorities have to be laid. At 

all levels research has to be done and action must be taken. 

The HANDROVER- project looks at the textbooks in or~ec to find 

out if they form a negative factor for girls and to see how 

they can be improved. The origin of the project lays in an 



initiative of the Dutch minister of education. He published 

in the summer of 1979, together with the state secretary for 

emancipation, a "Sketch of a policy for emancipation in 
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education and research", in which several measures were announced to 

promote educational opportunities for girls. 

One of them concerned textbooks. It was written: 

"By their choice of subjects, by the roles men and 

women, girls and boys play in them, by the illustrations 

they contain, by implicit judgments, textbooks can, on 

purpose or not, strengthen or combat sex role conceptions. 

It is of extreme importance to be conscious of this 

by choosing teaching materials or by producing new ones. 

The Advisory Group for teaching materials has been 

requested to construct guidelines which can be used by 

teachers to test aspects concerning emancipation in 

teaching materials and '"hich authors and editors of 

textbooks can apply in writing and illustrating new 

material or in preparing reprints." 

The HANDROVER- project started in order to construct those guidelines. 

The word HANDROVER contains the elements of the 

project : a manual for the changing division of roles 

of men and women. 

'tlhy textbook analysis 

Textbook analysis is a frequently used instrument, especially 

in investigations concerning sexism in education. 

Many people however think it is the least urgent thing to do, 

since a "good" teacher can use a "bad" book, just to make pupils 

aware of the sex bias. Yet there are reasons to look at the textbook: 

- Even if there is a tendency among some teachers to make their 

own materials, textbooks are used in regular instruction on the 

average for 80% of the time. 

- Dutch research points out that awareness of sex bias among teachers 

is still rather scarce. Many teachers won't be able or won't feel 

the need to correct textbooks. 

- Reducing sexism in textbooks doesn't only mean correcting the 

existing text, but making new ones. This requires rather specialised 

knowledge about women's issues and can't be asked of every teacher. 
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'Aha t makes tex tbook analysis problema tic is the fac t tha t, 

despi te several hundred years of use, we s till don't knO\01 

their impact. The re are many factors i nfluencing the pupils 

and it is almost i mpossible to i solate the factor "textbook". 

Ou r point of view i s that it isn't possi bl e to establish 

a hierarchy of actions that should be under taken prior to 

others. Work has to be done at several le vels and textbook 

analysis is one of them . Yet projec t s mus t no t run in 

isolation . Since textbooks are the vehi c l es of the content 

of education, collaboration with cur riculum projec ts is 

desirable. In the Dutch context, an effort wi ll be made to have 

the physics-part of the HANDROVER- project join the 

MENT-project(curriculum development for girls in science 

and technology). 

But the HANDROVER -project itself has a broader scope. 

The original assignment wasn't very specific. Thus, some 

choi ces had to be made to de limit the project. The first 

choi ce was to work on textbooks for pr imary education and 

for secondary general e ducation , l eaving the vocational 

education apart, s ince textbooks for this type of education 

introduce a whole range of new probl ems. 

The second choice was to do some case studies, since it 

is impossible to work on all subjects. This choi ce resulted 

from our hypothesis that it wouldn't be possible t o 

construct one type of guideline for all kinds of subjects at 

all levels. 

Problems for girls are different in the various subjects , 

causes may vary, so possible solutions may vary too. 

In order to verify this hypothesis, case studies were 

undertaken in three different fields: languages- social s ciences

natural sciences. 

For the l anguages "mothertongue ", so Dutch language, was chosen. 

Since mothertongue is a compulsory subject in all the schools, 

there are no differences in cho i ce between girls and boys. 

(For modern fore i gn languages , t he situation is different. 

Here ' .... e see more gi rls than boys, especialy in French and Germa n, 

English being chosen by almost all pupils ) . 
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There are several elements in language books which can be analysed 

The first element is the content of instruct ion : the theory of 

grammar, the theory and history of literature. 

We will not deal with the grammar, considering it as a system 

of rules which should be studied as such. 

In literature, more attenti on can be given to the literary 

products of women. Also to the question whether there is a 

specific'female writing'. 

The second element is the language as an illustration of the 

theory. Especially language books contain many stories, and 

there are separate readers too, in order to confront pupils 

with literary products or simply t o learn them read and write. 

Mos t of the existing textbook analyses have been dealing with 

language books. They are unanimous in their judgment concerning 

the sex-stereotyping of the texts. The findings are so well known 

that they will not be repeated here . 

The third element is not really an element proper to language 

books. It applies to all books, but can best be analysed in 

this context. It is the problem of the language as a vehic le of 

the content of instruction. All the text books use language, 

historical knowledge is communicated by means of language, 

mathematical knowledge as well, and so on . 

So analyses concerning this third element will not only apply 

to language books, but to all o ther subjects. 

For the social sciences a case study has been made on history. 

More girls choose history in secondary education. At the university 

level they only form about 30% of the students. 

But participation is not the biggest problem. What strikes most 

in history textbooks is the almost comp l ete absence of ;!Omen, 

despite the fact that in ea rly centuries too women formed 50% 

of the population.One of the causes must be found in the accents 

historians have put until now : much attention to 

political events, military events, less attention to . ~ocia l 

events and family life. 

Girls follow history lessons in quite big numbers, but they are 

not finding their own past. Hhat must be done is change the content 

of the history books, in order to include women's history. 

This gives methodological problems,- since many sources in women's 

history have disappeared or are biased, but at least we know what we 

are looking for. 
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The third part of the study brings us to the topic of the 

GASAT-conference: out of the natural sciences a case study 

was made on physics. 

Far more boys than girls choose science subjects; among these 

subjec ts, physics is in the most unfavourable position. 

The rank order of girls'choices is : biology- chemistry-

physics. Which mecanisms work at the disadvantage of girls? 

There are many and they are intertwined. In the professional 

world, girls don't see many '.;omen working in scien Ufic or 

technical careers .They lack models, they lack career perspectives. 

Are '.;omen not working in those fields because they are 

incapable of handling technics? Many people do believe so. 

Teachers may share that belief as do the pupils. 

As to the curriculum: do girls underachieve 

only because society does not expect them to be good at science 

and technology, or is it also because the curriculum doesn't 

meet the interests of girls. 

Interests of girls are often men tioned as a topic. Yet, nobody 

knows for sure what "the" interests of girls are. Do all girls 

have the same interests? The danger i s that by caring for 

girls 'interests we reintroduce sex-stereotyping. 

For example by thinking that girls 'needs are 

met when all the examples in the textbooks deal '.;i th sewing 

machines, cooking ranges and child care . 

There are some indications however. More illustrations on 

human ac ti vi ties and less abs trac t tex ts. 

More information about what science means for society, about 

the danger but also about the good things (see for example 

Ormerod, 1979) . 

In the average physics textbook women are scarcely mentioned 

and if they are ,tney are represented in traditional female 

occupations or attitudes and not in scientific activities. 

No thorough ana lysis has been made, but British observations 

(Taylor, 1979) coincide with the Dutch situation. 

It is frequently said that textbooks shou ld gain by including 

more practical life situations. Mathieu Dumont (Eindhoven 

University of Technology, unpublished report) looked at the 

present structure of some Dutch physics textbooks. He found very 



Towards guidelines 

In the actual state of the research it is rather difficult 

to give guidelines for new physics textbooks. Some more 

curriculum experiments should take place in order to 

see if they are in any way effective in bringing girls 

to a more positive attitude towards physics. 

Yet an attempt is made. 

As mentioned earlier, guidelines can be divided in: 

general guidelines concerning illustrations and text; 

specific guidelines concerning the physics content. 

On the basis of a number of hypotheses and an analytical 

scheme, the following guidelines could be formulated. 

The first two guidelines are concerned with quantity, the 

following three with quality and deal with activities, 

qualities and attitudes. 

Illus trations 

1. Illustrations must show persons, not only abstract images. 

2. Illustrations must show women and men in equal numbers, 

individually or in groups. 

J. Illustrations must show both women and men in professional 

situations and in private, domestic, stituations in an 

equal repartition . 

4. Illustrations must not systematically depict women and men 

with the qualities that are traditionally ascribed to 
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one sex (e.g. women nurturing, passive, men adventurous, active). 

5. Illustrations must not depict persons exclusively or by 

preference in sex specific attitudes, e . g. men in dominant 

positions, women in subordinate positions . 

Text 

For the text, qualitative statements are important. 

Yet there i.<; a close connection between quantity and quality, 

for as we have seen in the example of history, absence of 

~lomen (a quantitative fact) may lead to distortion of history 

(a qua.!.i ta ti ve fac t). So wi th some varia tion, the 

recommenda t ions for the illustrations can be applied. 
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1. The text must not only deal '..lith abstract facts or theories, 

but must show the relationship with the interests of human 

persons. 

2. The text must deal with women and men in equal percentages. 

3. The text must represent both women and men in professional 

situations and in private, domestic situations in an equal 

reparti tion. 

4. The text must not systematically represent women and men with the 

qualities that are traditionally ascribed to one sex 

(e.g. women nurturing, passive, men adventurous, active ) . 

5. The text must not show persons exclusively or by preference 

in sex specific attitudes, e.g. men in dominant positions, 

women in subordinate positions. 

6. The language used in the text must not suggest that '..Iomen are 

excluded. 

7. The language used in the text must not speak of women in a 

negative way: demeaning, ridiculing, childish. 

The physics content 

1. Physics textbooks must not only deal with abstract theories, 

models or facts, but must show the relationship with the 

interests of human persons. ~ 

2. Physics textbooks must ShOH the (positive) social implications 

of science . 

3. Physics textbooks must take examples not only from the 

professional world but from daily life too. 

4. Physics textbooks must represent women in professional 

scientific positions too. 

)( This is the first recommendation for the "text", but is repeated 

here because of its great importance for physics. 
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Due to imposition of sex roles on c hildren at an early age, girls must 

be technically and motivationally superior to boys in science and technology 

to attain even average career goals. To determine a solution enabling 

girls at the secondary level to have the same opportunities and accomplishments 

as boys, car eer and goal planning ba sed on game theory principles is proposed. 

These principles allo\J the instillment of the committment required for girls 

to overcome the sexual stereotypes imposed by society. This basic tool for 

strategic career goal planning allo\Js girls an understanding of the meaning 

of an increased interest in science and technology and the methodology to 

attain the same achievements and opportunities as boys. The introduction 

of game theory to girls should be made both in the textbooks, i.e. 

illustrations and statements, and by parents, educators, a nd the media. 

The analogy of the theory of TtJo Person Zero Sum Games is descr ibed in 

terms of day-to-day experiences of girl s in the classroom, at home, and in 

public places. An understanding of the control that girls can exert during 

a game situa tion enabling the maximum payoff, I>ill be useful in: (1) selecting 

the science or technology career at the secondary level, and (2) carrying 

out the course work and polit ica l maneuvers required for success in attaining 

the advanced science and technology degrees. 
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II. PROBLEM STATEMENT: BEHAVIORAL DIFFERENCES BETWEEN BOYS AND GIRLS 

From the time that girls and boys are born, society separates and 

classifies them based on their physical sexual attributes alone. The 

corresponding behavioral responses by girls and boys during the ensuing years 

can be studied with game-theoretic analysis to determine the base line of 

rationality for these responses[16]. The link between game theory and this 

behavior with respect to science and technology will be examined here. The 

following training given to boys but deleted for girls in most cases strongly 

impacts their attainment of careers in science and technology[9 J: 

(1) basic skills and motivation for learning how things work by 

assembling and disassembling them; 

(2) excelling at games; 

(3) independence; 

(4) reward for deflecting aggression away from them and into useful 

paths; 

(5) mastering their own environment; 

(6) visualization of themselves as strong, powerful, or dominant; 

(7) overestimation of their own positions in a "toughness hierarchy" (9]; 

(8) understanding of competence as objective achievement, success at 

what they do, and em.ergence as a leader; 

(9) belief in their own ability to control their fate or determine 

outcomes of sequences of events in which they participate; 

(10) visualization of risk as a consequence of judgment based on 

experience; 

(11) removal of fear as a first emotional reaction to early attempts 

at evaluation of possible outcomes; 

(12) seeking a group identity; 
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(13) assertiveness. 

Traditional ideas about femininity conflict directly with achievement. 

This is inherent in the skills training of girls connected with housekeeping, 

rearing children, and sustenance of a marriage relationship. This training 

has no merit in the competitive arena of the world of science and teChnology. 

These skills, when thoroughly ingrained in girls during the formative years, 

tend to prevent completion of successful career goal steps. This negative 

societal training enforces deep committment to family responsibilities as 

opposed to enforcing the compatibility[9,13] of comrnittment to a balance 

of career and family responsibilities. Training of the effective use of 

game theory skills will result in the removal of the negative influences 

retarding the girl 's progress because of her lack of training of traits (1) 

to (13) above. The introduction of the game theory in textbooks, the media, 

and by parents and educators will teach girls and boys as equals and identify 

factors required for successful completion of projects as opposed to the 

negativism of sexual role responsibilities. 

III. GAME THEORY ANALOGIES[5,6,7,11] 

This section deals with analogizing the traits required for equal 

success and opportunity for science and technology for girls to the theory of 

[14,16,20,21] 
games • In a game, the following three observations are first 

given for each individual: (a) certain choices available, (b) knowledge of 

the consequences of these choices for each choice of opponent, and (c) choice 

must be made independent of knowledge of the opponent's decision. The type 

of game most commonly occurring in the day-to-day lives of girls is a Two 

Person Zero Sum Game[141. The Two Person Game definition concerning science 

and technology motivation and career goal growth for girls indicates that 
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the two players are the girl and either a superior (i.e., a parent or 

educator) or a classmate. Zero Sum means that the gain of one player is 

ma t ched by the loss of the other player. There is then a single ~ 

function, because of only one s trategy for each player. Formally[14]. we 

define the game as: 

r (S,T,P) 

where, 

S. T pure s trategies for each player, the girl 

and her opponent, respectively; 

P payoff function; 

P(s.t) gain for girl when she uses strategy s 

and her opponent uses strategy (s £ S, 

t e T). 

Then, because of the Zero Sum definition, 

p (s, t) < 0 gain (girl loses), 

-p(s,t) gain or loss to her opponent. 

The use of a mixed or optimal strategy could also be useful for a more 

exacting development of traits (1) to (12) if the single payoff function did 

not yield the expected results. Trait (13) would then enforce the development 

of how each pure strategy could be optimally used. The further formalism[14] 

for mixed strategies redefines the following parameters: 

S 

T 

p(o,,) 

girl's m pure strategi es probability vector 

opponent's n pure strategi es probability vector 

,(T) 3 3, ,(t
l
), .. · ,,(t

n
); 

L o(s),(t)p(s.t); 
seS teT 
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Game Solution (ao,TO'v) for mixed strategies and TO 

for all a e S, T e T. 

The most optimal plan of action for each of the two players is naturally to 

try to ma ximize their res pective payoff functions. Since the Zero Sum Game 

is a s sumed, let us determine the most positive outcome for the girl formally 

with the following steps[3,4;14]: 

(1) The girl's opponent tries to minimize her average gain. Now for 

this science and technology problem or career goal decision, the 

girl is assured of min p(s,t). 
t eT 

(2) The girl's choice of action must be made such that her payoff will 

be at least max min p(s,t) 
s eS tET 

(3) The payoff to the opponent is the negative of the girl's payoff, 

so for any pure strategy t that the opponent chooses, 

min (-p(s,t)) 
seS 

- max p( s ,t) · 
seS 

(4) The girl can then obtain a payoff of at leas t max min p(s,t) or 
seS teT 

no more than min max p(s,t), where 
teT seS 

max min p(s,t) 
s eS tET 

< min max p(s,t). 
teT seS 

The modeling of the g i rl's experiences by the game theory formulation 

will enable girls to see ris k in science and technology issues as a consequence 

of judgment based on experience rather than as an i s sue composed of a maximum 

certainty of pers ona l loss . An N-Person Game[16] model is also 'pos sible 

for the girl in reference to science and te chnology problems, if there are 

multiple superiors or classmates. However, from the basic Two Person Zero 

Sum model the baseline for the majority of situations has been provided. 
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IV. SOLUTION }lliTHODOLOGY 

The solution model proposed in section III must be executed for girls 

by parents, textbook writers, the media, and educators. An example in the 

home is for the father to train the girl that risk means either an opportunity 

or a cost, a gain or a loss, injury or growth. This encourages the girl to 

use her mind to realize that she has control of most situations; i.e., she 

can ensure her success in most s ituations by assertiveness as opposed to 

passiveness, which will surely ensure her failure. The father is referenced 

here because the mother in the majority of homes will not have the training 

of traits (1) to (13) in her background. The textbook writers, media, and 

educators have a lasting impression on girls with written and verbal . 

communication . As a result of the observations of Jacklin and Mischel[9] 

in a study of elementary s chool textbooks, good things should be illustrated 

as happening both to the girl and the boy from their own individual actions 

as opposed to the traditional things happening to the girl at the initiative 

of o thers , or growing out of a situation in which the girl has found herself. 

V. FUTURE CAREER IMPACT 

After the girl has decided to take course work and pursue career goals 

i n a science or technology area she will require competence in multilevel[16] 

game theory. The complexity of academic[l,6,l3,l5] or industrial[17) 

politics[l8] overlayed on the techn ical accomplishments, prov i des a new 

basel ine for optimal determination of multidimensional strategies. The fight 

for tenure i n the university and then for full professor r a nk are analogous 

to the pursuit of various levels of industrial management positions. At 

these advanced career leve ls, the ability to learn technical skills 

sCholastically becomes only the fi rst level of a hierarchical system 
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composed of a political interaction level (second level) and the mechanical 

steps leading to each career advancement (third level). Therefore, in 

addition to traits (1) to (13), the following four adult types of traits 

must be adapted: 

(A) At an early stage of introduction to an individual, decide that 

person's standing with respect to your progress. This allows proper basic 

strategy planning with respect to a possible negative opponent . 

(B) Turn all forms of negativism into something beneficial to your 

progress. 

(C) Remove all negative influences from your life that cannot be dealt 

with by (B). 

(D) Develope methods of releasing stress. 

(E) Find a mentor or support person to turn to for guidance who has 

years of experience in your technical area. 

In the references by Crawford, Newcomb, Hilbert and Roark, the present 

problems facing women in science and technology in academe are factually 

discussed. If traits (1) to (13) and advanced traits (A) through (E) 

characterized the technical political endeavors of the women described, 

their achievements would have more positively sustained the retarding factors 

built into science and technology advancement sys tems. Even when these 

traits are expressed widely in verbal and written form, their effectiveness 

at the advanced career levels will depend on the motivation of girls and 

women to incorporate the principles in day-to-day situations. Naturally, 

forced learning of these traits is not as effective as the gradual training 

which men receive. Unfortunately, it appears from the literature and my 

own academic and industrial experiences that girls' and women's behavior 

alterations will precede societal changes. The persons imposing the retarding 
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fa ctors in socie ty to girls and wome n cannot easily be made aware of the 

situations they are creating for women's future careers. These per s ons do 

not have to live with the severe negative personal and financial obstacles 

which they inflict on girls and women in either a blatant or subtle manner. 

VI. CONCLUSION 

In science and technology we dedicate ourselves to the study of nature, 

the understanding of our environment, and the quality of life. Both women 

and men should be allowed to enjoy this great form of satisfaction if they 

are given equal opportunities from the time they are girls and boys . The 

game theory foundation of operation should be training for girls as well 

as boys during the formative years by parents, educators, textbook writers, 

and the media. This formerly societally unacceptable behavior in girls 

will encourage the persistence and determination required for pursuit of 

science and technology careers . In the ensuing years of the girl's academic 

work, having the right opportunities to do research (15 ) will involve a career 

committment which can only be deve loped gradually through years of strength 

of purpose and continuous development of an overall career goal plan. These 

methods for introduction of committment to encourage girls in science and 

technology careers were presented here as a result of my experiences and 

those of many other successful women[9). 
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12. SPECIAL ACTIVITIES FOR WOMEN ENTERING ENGINEERING AT EINDHOVEN UNIVERSI'J'Y 

Measures for making a better start for female freshman students of 

technology and the considerations underZying those measures. 

Ineke de Raaff 

Eindhoven University of Technology 

Eindhoven 

The Netherlands 

1. Background of the project 

The main question of this conference is what can be done to make science, 

especially phys i cs and technology more attractive to girls; how can we 

achieve that g irl s who study science and technology have the same opportu

nities as boys; and that they have generally the same results in science 

and technology as boys. 

Generally , these same questions have concerned us in the department of 

Social Sciences at Eindhoven University of Technology for a considerable 

time already. 

It is obvious for everyone that the number of girls studying technology is 

very small (a t the moment at the E.U.T. the total is about 3%). 

Only recently however thi s i s being considered a problem . Until not so long 

ago it ,.,as accepted as a normal fact that girls were not be found in techno

logy (" i t has a lways been that way", "Technology is not sui ted for girls", 

etc.) . 

At this moment I think it is necessary to tackle the problem at different 

educational levels. I t is important to concentrate on moments i n a person ' s 

life when crucial education/career choices have to be made. Thus, work has 

to be done on the primary , secondary as wel l as the tertiary levels. 

Th e h igher the educational leve l, and the more scientific and especially 

t he more technical, the smaller the number of women entering these studies. 

There are fewer gir l s at the university than boys (30%-70% resp.), while the 

distribution of gir l s a nd boys at the secondary level is about equal. 
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There are fewer girl s than boys at the secondary l evel who choose a science 

curriculum (301-7 0% resp.). The proportion of girls in science i s much 

sma ller when we look at the university level (for mathematics and the natu

ral sciences the proportion of girls is 16%) ; and even sma ller in engi

neering (the percentage of girls i s only 4) . 

So apparently girls experience barriers when choos i ng sc i ence on the secon

dary level; but for choosing science on the tertiary level there are even 

higher barriers and for choosing engineering aqain h~qher barriers mllS~. hp 

overcome . 

The question was: how do vie get more women to study engineering, and how do 

we prevent t hem from dropping out when they do start studying engineerin~? 

It seems that more girls than boys drop out from their study in engineering. 

Poor performances cannot explain the higher drop-out leve l for girls. 

Social c ircumstances such as having babies, getting married, feeling isolated 

and finding the study too career-oriented seem to be an important factor in 

dropping out. I said"~ to be important". I haven't got hard proof for 

this statement, but interviews with students. deans and psychologist have 

given me thi s impression. Given the small number of girls who start a study 

in engineering, it is easily imagined hm" few women engineers we end up wi th . 

It came to our attention that Purdue Univers ity in the US had developed and 

actually carried out a special programme for girls who entered engineering (1) , 

based on research literature (2). It was started in 1976 and the results were 

very positive. In 1977, 9 times more girls studied engineering in the US than 

in 1969. At Purdue University 17 times more girls studied engineering during 

the same period. Of course, this could mean that , the programme of Purdue Uni

versity was so attractive that girl s come to this university who would other

wise have studied the same s ubject at another unive rsity. This would mean 

that the tota l number of girls entering engineering did increase, but not 

necessarily because of the special programme of Purdue University. Al so at 

Purdue University 78% of the women who took the special course remained in 

school, while only 62% of the women who didn't participate remained. This 

difference is, of course suggestive, although the two groups are probably not 

comparable in all respects. 

Other universities and departments in the US also organized special programmes 

for girls in science and technology, all of them with positive results (3) . 
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We took these results of several of the existing programmes as a starting 

point fo~ our own programme. 

One factor has to be stressed, however. 

Organizing a special programme on a university of technology like ours, is 

not an e a sy matter. The standard study is very fixed and the programme full. 

The depa rtments are relatively autonomous, which makes it difficult to do 

something on a central level. Therefore it takes a lot of talking to persuade 

(if you can) the decision makers to tryout an action programme for girls, 

especially in view of the a lmost all-male character of this university. 

And of course, as is the case everywhere else, the budget is getting smaller 

and smaller. This means that in your head you can make beautiful plans of 

what such a programme s hould look like ideally, but that in practice you 

have to make a lot of compromises. 

Furthermore, it should be stressed that organizing such a programma takes 

a lot of time and energy. 

2. Women's barriers and what was done about it 

Engineering is not by definition a-female, neither are women a-technical by 

nature. 

Formal barriers do not exist for females to enroll in a technical university. 

The barriers are of a non-formal kind. What are these? 

The literature (2) tells us that girls who enter a study in engineering, as 

compared to boys in the same position, often 

have fewer "hands-on" experiences; 

have a more reserved attitude towards the unclear relationship between 

engineering and society; particularly the positive one; 

have fewer identification objects and role models, because there are so 

few female engineer s ; 

have fewer possibilities of having informal contacts with other girls, 

students as well as engineers. 

These barriers could possibly be lowered by: 

1. offering a learning - or practising s ituation which gives the girls the 

possibility to get practical experience, to handle tools and machines and 

to get used to a technical vocabulary. 

2. making the relation between technology and society clear. 
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3. presenti.ng models of female enginee rs; also giving some insight in the 

posit ion of women in general. 

4 . stimulating informal contacts between women. 

These pOints will now be considered indiv idually. 

2 .1 §~e~~~~~~~~_~~~~_~~~!~_~~~_~~~~~~~~ 

Although technical hands-on exper ience is not a necessary cond ition for 

following a study at univers ities of technology, women probably l ag b ehind 

in this r espect . We can speak of an unequal starting position. 

Being unfamiliar with tools and machines can also be a psychological dis

advantage , because people feel that they are expected to be familiar with 

them. To make the starting pos ition more equal practical learning s ituations 

we re organized. We a ssumed it would be advantageous to get the girls acquain

ted with big machine s, which is rough and "here you get your hands dirty, 

and also with small tools , which is another way of being busy with practical 

work. 

Also "e thought it would be t oo large for one d epartment to handle . Thi s was 

indeed the case. Twen ty-nine girls participated. The department of Physics 

could handle twelve girls, the department of Mechanical Engineering the 

o ther 17. Choosing specifically Physics and Mechanica l Engineer ing was mainly 

dependent on the easy coorperation with the people there. 

In the department of Mechanical Engineering the girls made a plummet. In the 

department of Physics the girls made an electrical doorbell. 

Attention was paid to the follo~ing skills: 

skill in technical drawing 

use of measuring devices 

simply electric assembly techniques 

use of hand tools like sawing, filing, scouring and bending 

using wire-cutting tools 

The idea was to work towards a finished product , which could be used in 

daily life . I,e thought that this would be motiva ting the girls. 

The technical skills tha t were needed were all very basic. 
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Nowadays, technology is often profit oriented and used for military purposes. 

The discussion about the arms race dominates present day politics, and with 

that to a large extent the appearance of technology. This is a one-sided 

use of technical know-how, which also makes itself felt in technical edu

cation. 

The relation between technology and people and society is not very clear, 

neither in the curriculum nor in the profession . There is reason to believe 

that engineers are more interested in things than in people ; women in general 

seem to be more interested in people than in things. Women who are interested 

in technology, seem to be more concerned about the social implications of 

technology than men and it also seems that women fear misuse of technology 

more than men (4). 

Attention should be paid to the fact that technology does not only exist for 

making profit and for destructive purposes, but that technology can also be 

constructive (protection of the environment, saving of energy, health ser

vice etc . ). 

Furthermore, attention should be paid to how technology affects people and 

society in general; it is important to make clear that technology is made 

by human beings and should be controlled by human beings. 

Another point is the following: technology now, is a men's business. This is 

also noticeable if you look at research questions being posed . Is it possible 

for women to have a contribution of their own, whi.:h is corrective and/or com

plementary? Like, for instance, the question of the existence of the so

called "dormant" cities and their influence on the position of the women who 

live in them. Does it cause isolation? if so, and if this is considered un

desirable, shouldn't this have consequences for planning and policy in the 

construction of houses? 

A woman engineer was invited to keep a seminar on the subject mentioned above. 

Discussion was possible. 

2,3 ~~~~~~~~~2_~~~~~_~~_~~~~~~_~~2~~~~~~~_~~~~_2~~~~2_~~~~_~~~~2~~_~~_~~~ 

~~~~~~~~_~~_~~~~~_~~_2~~~~~! 

As wa s said before, technology is mainly a men's business. Therefore techno

logy has a male "image". This can be seen in books for children, in which 

/ 
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boys are s~own with "technical" toys and girls with dolls and kitchens. 

In school books an engineer is referred to as "he, who ... ". Most of the 

teachers and students in this field are men . Because of this technology 

may become unattractive to women who are looking for an identity of their 

own. Attention should be paid to the fact that there are female engineers; 

how do they see technology, where do they work, what kind of work do they do, 

\"hat kind of family situation are they in, what are or were their problems 

in getting a job, discrimination, appreciation etc . Giving more insight in 

the s e matters can make it easier for the female students to form a professio

nal image for themselves; they can also prepare themselves better and defend 

themselves against the unpleasant situations with which they will probably 

be faced. 

Monday morning an informative lecture was held by a female engineer about 

job possibilities for female engineers. 

Tuesday afternoon a panel of six female engineers was organized. These women 

had done different engineering studies, were working in different areas and 

had different family situations. TIley each spoke for about fifteen minutes 

about their experiences as students and in their job. 

Although the position of women in technology is not identical to the position 

of women in general , one can draw parallels on the basis of being female. 

Two films were shown, one about the position of female students in general, 

and one about female workers in general . 

2.4 ~~~~~~~~~~2_~~~~~~~!_~~~~~~~~_~~~~~~~_~~~~~ 

There are very few female students at the university of technology. The ones 

there are, are spread over different departments . This doesn 't make it easy 

to come into contact with other women at the university of technology (it 

really resembles a big factory). This is not particularly enjoyed by female 

students . So possibly making these contacts should be facilitated. 

TIlis is done by getting together as many women who enter engineering as 

possible for at least the whole week , in which the activities 1, 2 and 3 

are done. 
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Meals, coffee, tea and evenings are also used/spent together. 

One evp.ning female staff members and women who had been students for a 

number of years already both from the E.U.T. were invited. The staff mem

bers, to show that they are there, who they are, where you can find them, 

and what they are in for. The students to give the par-ticipants an impres

sion of what life is like as a female student at this university of techno

logy. 

3. Evaluation and further action 

At the time this paper was prepared, no evaluation _results were known. 

Probably, these results will be available at the time of the conference. 

The initial enthusiasm to participate was very high. Of the girls who 

were invited and who did enroll at the university of technology 82t (= 27 

out of 33) participated. 

After the invitations had gone out, sixteen more girls entered the univer

sity. For practical reasons, it was imposs ible to include them in the project. 

The question remains how many of these sixteen girls knew of the existence 

of the pre-introduction week. Two of these sixteen contacted the project lea

der in time and could also participate. Thus, there were 29 partiCipants in 

all. 

\~e' 11 try to find out why the six girls who did enter and who were invited 

did not participate. Because of the small number (6) we cannot draw any hard 

conclusions about their reasons. 

Also we'll try to find out how much the fourteen girls who were not invited 

knew about the pre-introduction week and if they knew anything at all about 

it, what their thoughts about it were. 

Follow-ups will be held. One after the first and one after the second semester. 

During the coming years we ' ll keep track of the drop out and entering rates, 

and also we'll try to find out the why ' s of it. It will be difficult to draw 

any conclusions from future enrollment rates of women, even if they do rise, 

unless they rise extraordinarily; because the possibility always exi sts , as 

may have been the case with Purdue University, that our programme is only 

attractive in so far that girls now come to Eindhoven, who would otherwise 

have gone to one of the other universities of technology in this country. 
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More can be said of the drop out rate, because we have a comparison group; 

29 women who participated and 19 "ho did not. 

We also plan to have informal gatherings with all the girls who entered engi

neering with a frequency of one each month. This is how the partic ipants 

wanted it themselves. One fixed evening, because continuity is very im

portant. Al l kinds of activities are possible during these evenings and 

in be tween; tellin'! each other of ,their experiences , informal talk, invi

ting other peop l e to give semina rs, going to the theatre, etc .. 
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Monday 

10.00 coffee 

introduction attendants and programme 

getting acquainted 
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10 . 15 

10. 25 

11 . 00 

11. 45 

12 . 30 

13 .30 

17.30 

20 .00 

introduction about possibilities for the future for female engineers 

questions/discussion 

9.00 

13.00 

14. 00 

15. 30 

16 . 00 

17.30 

20 . 00 

lunch 

p~actical learning experience 

c l osing of the day 

getting to know each other better 

practical learning experience 

lunch 

panel of female engineers 

tea 

discussion panel 

c losing panel 

informal gathering with senior students and staff members 

Wednesday 

9.30 practical learning experience 

13.00 lunc h 

14.00 introduction about the r e lation between engineering and society 

15.00 tea 

15.30 questions/discussion 

17 . 00 closing 

Eveni ng : going out 

Thursday 

10 . 00 coffee 

10.30 making plans for future activities 

11 . 15 films about the position of the female student and the working woman 

in general 

12.30 lunc h 

The rest of the day of 

(Originally, the intention ~/as to show one film during the morning and one 

in the afternoon, with discussion following; and make plans for future acti-
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vities in the e vening . By wednesday-evening the pro jec t leader got the 

feeling the programme was too mu c h f o r t he studen ts . So t hursday morning 

s he asked the s tudents what they wanted to do during that day, giving them 

a f e w alternatives to cho se o f. The programme mentioned abo ve is what 

they choose .) 

Friday 

10 . 00 

12 .30 

excursion Medical Systems 

lunch 

13.30 evaluation by Educational Research 

15 . 00 clos ing of the week I drinks 

During thi s week the girls stayed in a youth hostel near Eindhoven. The 

project leader was with the girls all the time. 

Participation was voluntary and free of charge. 
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13. Intervention strategies in favour of girls' achievement in science 183 

(physics) and technology in the MENT-project. 

Jan H.Raat 

Eindhoven University of Technology 

Eindhoven, The Netherlands 

Introduction'As is wei I known to the participants of the GASAT-conference 

girls have a disadvantage in science -and -technology education. In The 

Netherlands as in other Western countries in all cases where girls can 

make a choice they take less science (especially physics) and technology 

than boys do. And when they indeed choose these subjects on the ave rage they 

achieve less than boys. 

For a number of reasons we do I ike to change thi s situation. Here we just 

mention two of them. Firstly, the changing role of men and women so that 

women more than in the past should have a fu lly equal oppo rtunity as men have 

in making their own career. For many positions direct ly after secondary 

education or after finishing higer education the knowledge of science and 

technology is wanted. Secondly, when by irreal istic reasons women can't 

choose to study science and/or technology as men can, one loses talent. 

In the MENT-project we want to c reate a situation whe re girls are encouraged 

to choose science (especia lly physics) a nd/or technology as boys can . 

MENT stands for ME (=MEisjes = gi rls), N(=natuurkunde = physics), T(= 

techniek=technology). The MENT-project has to do with students of 12-15 

years old, the lower part of secondary schools. 

The Dutch situation In raw I ines ch i Idren attend primary schools from 6-12 

years. At the age of 12 th ey enter secondary schools. There are two kinds: 

those fOlr general education (about 60% of the population ) and for vocational 

training (about 40% of the students). The last so rt of schools mostly is visited 

by slow learners and ch i Idren of the -lower social fami lies. 

We have three different kinds of schools for general education, in the rank 

of more academic character: the mavo (about 25% of the population), the havo, 

and the vwo (togethe r 35% of the pup i Is). In mos t schoo Is, hav i ng in the 

organization the havo and the vwo, the schools have a common first year. The 

vwo-schools are preparing for entering the university . 

In al I kinds of secondary schools for general education 

the mavo, the havo and the vwo, the students fol low on 

the average in the first three years these number of ~eekly 

periods for biology, physics and chemistry: 
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first yea r 
second year 
thi rd year 

2 
2 
o 

o 
2 

3 

o 
o 
3 

biology physics chemistry 
TAB&E of the weekZy periods in bioZogy, physics, chemistry,as 

-on. the average- given in the first three years of mavo, havo 
and vwo. 

In Dutch secondary schoo l s one does not teach sc ience, but separate ly 

biology, physics and chemi stry . In schoo l s for general education hardly 

any l esson is given in the field of te chnol ogy . 

In The Ne therlands t he re i s a rather strong movement to an all comprehensive 

'm idden - s chool' fo r the whole popu lation of st udent s of 12-15 years o l d , the 

full range of lower seconda ry ed uca tion. 

Our work primarily dea l s with the mavo, havo and vwo, t he f irst three years. 

We do thi s to make the MENT-situation r at he r clear, restricting us, in this 

contribution, also to ph ys ic s . 

Intervention strategies in the MCNT- project We I ike to create a sit ua t ion 

where gir l s are as succesfull as boys are in t he physics lessons. We do this to 

promote gi r ls choos ing phys ic s as eas i Iy as boys do. 

In t he fi rst three years of secondary education the subjects biology, physics 

and chemistry have to be followed by all students . Th is i s the situation for 

al l subjects of these years. At t he end of the third year students can make 

cho i ces. A stude nt, at the end of the thi rd year can choose to follow physics 

in t he next yea r, o r drop it ~ So when looking for strategies to favour 

girls' achi evement in physics it is a rather good cho i ce to do one's best to 

inf luence the phys ics lessons in the second 

and th i rd year of mavo, havo and vwo schoo ls. 

Of co ur se it is importan t t o pay attention 

to t he sc ience education in primary sc hools , 

as it is a rea l good th ing to promote 

gir l-fri endly physics lessons in the h i gher 

part of seconda ry schoo l s too. But one canno t do 

all thi ngs at once ~ 

The MENT-project firstly has to do with the lowe r part of seconda ry education. 

To make a sta rt we begin with gene ra l-educa tion schools. 

We don't look on ly at the effect of more g i rls choosing physics in the 

higher classes. The phys ic s - cu rri cu lum fo r the second and third year should be 

important for gi rl s (and boys) a t its own merites. We also wa nt girls, when not 

choosi ng physics in the next classes, to have a c lea r know l edge of phys ics, as 

can bee n given to s t udents of this age in a rather sma l I number of lessons . 

How can we reduce gi rls low achievement in phys i cs in the second and thi rd 

year of havo and vwo, in such a way more gi rl s choosi ng t his s ub ject in 

continuing study? 
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We are looking for four ways: (1) making physics lessons more inviting 

to girls by changing their content, (2) making teachers aware, or more aware 

of the bad situation of girls in physics lessons, (3) making the material, 

i.e. the physics Lext books, more friendly to girls, (4) using what others 

found (1 iterature, other similar projects, the GASAT-conference !). 

(l)Changing the content of the physics curriculum in favour of girls' 

achievement sounds rather confusing. We won't make physics just easier and at 

that doubtful when thinking of all male 

examples in physics-lessons, the image of physics 

as an activity for male occupations, thinking of the 

curriculum as made nearly only by men, one really 

can wonder if one cannot change the content of the 

lessons even within the curriculum to make physics 

more inviting to girls. Maybe we should use, e.g. 

more examples of phenomena of the human body as 

the energy-balance. 

In the past we taught many things to rather 

young children, we here think of students in the age of 12-15 years old, which 

we now know many of them had very much trouble to understand both by the way 

of presentation in a wide sense and by the content of the curriculum. I won't 

declare here we should only fol low what Pi aget cum suis found. We also have to 

use the modern findings of East European psychologists in the development 

of the way chi Idren think and learn. 

What I just like to make clear is that we seriously have to look after possible 

changes of the physics curriculum to make physics more attractive and inviting 

to gi rls. 

Let me give an other example. As is po i nted out in I iterature, girls may have 

a more pos itive attitude to physics when the lessons have more to do 

with physics as seen in the dai Iy 1 ife. In 

The Netherlands, as in many countries, the 

physics-curriculum for 12-15 years old 

students has been much changed into this 

direction during the last decades. Maybe 

we have to change more. When we 1 ike the 

physics lessons to be inviting and creative 

to young children we should offer them a physics-curriculum that appeals for 

the experience of the daily life. Physics is not only an abst ract science, only 

practised by theoreticists or technicians, far away of children's experience of 

each day. 

We can promote a more girl-friendly physics education by trying to make 
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content of the physics lessons , up to now given on the basis of 

men-made curricula. 

(2) Paying attention to the role of the teachers: they should be aware of 

the negative position girls have in physics-lessons. In lessons to a class 

of about 24 children, 12 boys and 12 girls, it seems as if all students have 

the same chances in getting an equal benefit of the lessons. To know better 

one should only observe the average way girls and boys attend lessons, how they 

co-operate (or not co-operate !), how the teacher interacts with the girls and 

with the boys. 

For this reason we made video-tapes. We are developing more, surely for 

use in discussions with teachers. 
Here I refer to paper number 20, Mathieu Dumont, Case study of the 
pendulum-experiment . 

So part of our efforts must be directed to teachers. Maybe the bi ggest succes 

at the moment comes from changing teachers' attitude. 

As is well known this means more than just tell ing in-service and/or 

pre-service teachers they should be more friendly to girls. This kind of 

changing one's attitude takes more attention and more time. One has to make a 

certain strategy and to make a middle long-term series of activities. 

At this point I remember the reaction to the promotion of the subject 'gi rls 

and physics' in a yearly national conference of physics-teachers. Rather many 

of the participants only could laugh at a suggestion 

like this. At the other side have to mention that 

the following year there was quite some interest for 

a discussion of the problem. 
At that opportunity we did wri te a Dutch 
report with a rather extended Engl ish 
summa ry, Jan H. Raa t, I I j a Mo tt i e r. 
Marie, word wij zer ... van natuurkunde. 

Meisjes .en natuurkunde. ('11ary,wisen up 
by phys1.-Cs). 's-Gravenhage, 1980. 

When looking at the problem of making teachers aware, or more aware, of 

gi rls' positions in physics education, one can see growing interest for the 

subject; one also can see t hat much work yet has to be done in this respect. 

Especially teacher training institutes have to pay attent ion to this topic. 

(3) Physics tex tbooks seem to have been written for boys only. The 

text mentions boys and men, illustrations show boys and men, examples are taken 

from what is considered as male interests: construction kits, cars, engines, 

sports I ike footbal I. 
As for the content of physics textbooks we refer to paper 
number 10, Ilja Mottier. Girls and physics in the HANDROVER
project. 

Where no new curricula are available and the existing methods have to be used, 

sti II changes can be made. The existing textbooks reflect in no way a world 
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uniquely to industrial situations. Teacher s when giving physics les sons should 

however give other accents too. 

(4) We should be very unwise to try to solve a problem like we are writing 

about without using what others found. And I think, we have to come in ac tion 

now! We should not only study girls' negative attitudes to phys ics and seek 

the reasons of it. When going on into more investigations, as is necessary, 

at th e same time we can try to make a beginning in tackl ing the 

problem. 

But using what others already found . 

We contribute negatively when thinking at short time succes only. The 

problem 'girls and physics' is a rather complex and difficult one. Wh e n trying 

to promote girls' achievement in physics one has to look for close 

co-operation with others, working at a similar project! 

Dutch physics- curriculum-ppojects Some of the experiences I got in 

physics-curriculum-projects can well be used in the MENT-project, the choosen 

strategy of curriculum development having a real good influence on teachers' 

behaviour. For that reason some attention is paid to the DBK-na project and 

the NAS-project. 

In the short description also some remarks are made on the activities in the 

MENT-project. 
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DBK-na stanffi for Di fferentiatie-Binnen-Klasseverband (=di fferentiation-wi thin-

the class, i.e. mixed ability teaching) for the subject physics (in Dutch 'natuurkunde', 

abbreviated by the two letters 'na'). 

In this project we created a curriculum for physics to be used in, again, the 

first three years of the mavo, havo and VWO, it means in the second and thi rd 

year, the teaching of physics in secondary schools starting in the second year. The 

background of the project has to be found in the Dutch movement to",ards an all-

comprehens ive 'midden-school' for 12-15 years students. 

The curriculum was constructed by our smal I department of physics-teacher-trainers 

(Free University, 

Amsterdam, the university 

I was connected wi th at 

that time. We did it in 

with physics-teachers of 

who I e coun t ry . I tis 

curriculum-development-

close co-operation 

s chools out of the 

important to have a 

project wi th 

full-time teache rs. By doing this the curriculum has a big chance 

, to be really us~d in schoo l s. A second advantage is the ,positive attitude of the 

teachers to the new curriculum. I here talk not only of the teachers, wri ting the cur

ri 'culum w'ith us. I also think at this moment of others, using the curriculum when it 

was finished. The first enrol led teachers played a fairly important role in the 

in-service training of new teachers-users of the cu rr ic ulum. 

In the DBK-na curriculum we made some measurements of students attitude to physics, 

just at the beginning of the second year. They then have hardly had physics 

lessons·We can say it is the attitude the students have when starting physics. 

here give some data,ils have been pub l ished also in the report Mari e , word wijzer 

van 1'1atuurkunde , I re fe r red to be fo re. 
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~~~l~ _________________ 91~l~ _________________ ~~Y~ _________ ~19~lfl~~~~Y_~f_!~~_9iff~~~~~~ 

pleasure in physics 2.58 2.67 .02 

interest in physics 2.03 2.29 .00 
outside the school 

importance of 2.64 2.83 .00 
physics 

~ 
physics too 2.20 2.62 .00 

d iff i cu I t7 

'clari ty of 2.38 2.54 .00 

purpose of 
phys i cs- lessons' 

TABLE of some scales of students attitude to physics (ranging 1.00-5 . 00),as 
have been measured in the DBK-na project, of students at the beginning 
of physics-teaching. 

Here we see, as one might know from other investigations, the less posi tive 

attitude of gi rls, al ready at the beginning of the physics-lessons . As has been written 

by Alison Kelly also, one can see girls' negative attitude to physics as one of 

the important causes of their limited succes in these lessons. When looking 

for a strategy to change girls' situation in physics teaching, one has to pay much 

attention to change thei r attitude to the s ubject. 

The NA S- pro,ject 

NAS means NAtuurkunde in de Samenleving, i.e. Physic s in Society. We wrote this 

curriculu"m again in close co-operation with many teachers. The idea of the curriculum 

is to spend more attention to the meaning of physics for soc iety, and, from the other 

side, the influence of society in e.g . physics-research -programmes. Let me only think 

of investigations to solve the energy problem; also of the big and expensive research 

for making new , and very dangerous, weapons.We disl iked the situat ion of teachers giving 

physics lesson s with no or less attention to the relation of physics and society. The 

cu rriculum has been wri tten for the sixth (the last) year of the vwo-schools, to be 

used in about 15 lessons . 

The curriculum ha s been edited: Eijkelhof, H.M.C. , E.Boeker, J.H.Raat, N.J. Wijnbeek. 
Natuurkunde in de Samenleving. Amsterdam, 1978. 
An Engl ish edi tion is publ ished : Physics in society. Amsterdam. 1981 
( ISBN 90.6256 . 241.8). 

The important thing, to be mentioned here, is again the fact of the close co - operation 

with full-time teachers. Though talking on the basis of teacher's experience ourself, we 

do not teach any more in secondary schools. So, thinking of a 'Phy sics in Society'-
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curriculum, we must avoid writing it 

office, from the desk . One also has to 

dai Iy fresh experience of many others, 

working just in the field the curriculum 

has to be used in. 

So, when thinking of developing 

material for physics-lessons, 

more inviting to gi rls, we are sharing our ideas with those of teachers, creating 

curricula and parts of it together . 

To avoid misunderstanding, we are' t going to make a specjal physics-curriculum 

girls! What we are looking for, when thinking of changes in the curriculum, are 

small parts of the curriculum. We think of curricular material for a number of 

e.g. 5 or 10 lessons in the second class; another 5 or 10 lessons in thi rd year 

classes . After that experience, and close looking at the results and the effects, 

hOvJever difficult it might be to come to reliable data, we may qO further. 

Final remarks We just are starting the MENT-project, so ,.e cannot mention any 

resul ts at this moment. 

For any reaction or suggestion, for any kind of co-operation in this project or 

a similar one: we are looking forward to it. 
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I-st semester of 1981 

Isabel Romao 

Comissao Condi~ao Feminina 
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The following activities were undertaken during the first 

half of 1981 within the framework of the "Changing of Attitudes" 

project: 

1 . Cooperation with the Ministry of Education; 

2. Working out and adaptation of written , visual and audio

visual material; 

3 . Work with teachers from schools in volved in the pilot experi-

ment as well as with Teachers' Training Colleges; 

4 . Children Literature Seminar; 

5 . Other information and awareness campaigns; 

6. Surveys on attitudes. 

1. Cooperation with the Ministry of Education 

Throughout the school year, the ' Changi ng attitudes' project 

was carried on in close cooperation with the Ministry of Education, 

having the latter carefully follow all act i vities undertaken in 

every field thereof. 

Thus, the 'Direc~ao-Geral do Ensino Basico' (Basic Education) 

sent representatives to many meetings attended by teachers from 

schools involved in t he pilot experiment, and also joined the 

project staff visits to Teachers ' Training Colleges for awareness 

campaigns intending teachers and p upils as well as for helping 

with teachers' continuous learning. Moreover, the said Board made 

it possible for teachers, students and headmasters of Teachers' 

Training Colleges countrywide to attend meetings organized within 

the framework of the 'Changing Attitudes' project, most of which 

were held in Lisbon. In such cases, the aforecited DGEB bore 
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travel and board and lodging expenses of a large number of parti

cipants e.g. on the occasion of the Teachers' Meeting (held in 

April) and the Children Literature Seminar (held in May) . 

Furthermore, the project granted assistance to teachers' 

continuous training, by planning activities along the guidelines 

of 'Changing attitudes' meant for the 1981-82 schoolyear, since 

the Ministry of Education is supposed to further such activities 

which have already started, of which the Portuguese-Swedish 

cooperation scheme is brought to an end. 

2. Written, visual and audio-visual material design and adaptation 

During the first half of 1981, written, visual and audio-visual 

material was being worked out and adapted under the project. 

a) Written material 

A book whose title is 'Girls and Boys, same world, same tasks', 

already mentioned in the previous report, has been published by now. 

Primary School teachers are supposed to use it a s a basis for stimul

ating debate and reflection. Teac hers c an resort to supporting texts 

already drafted, to develop some topics under the current Primary 

Education syllabus - such as trades and economic activities or 

leisure time. 

As early as the next schoolyear, this book will be circulated 

in all schools related to Teachers' Training Colleges countrywide. 

A folder was moreover drafted and printed, which gives infor

mation about the targets set out in the project. 

b) Visual material 

* Project Symbol. 

With a view to more easily defining and identifying the project, 

it was deemed important to design a symbol which will be printed, from 

now on, on all materials worked out under the project. 

* 3 posters for youngsters and growing-ups of both sexes: two 

which are black-and-white photos showing a boy who rejects masculinity 

standards imposed on him by society, and respectively a girl who is 

delighted to assume her femininity, but refuses to be a victim of 

her condition. As for the third poster, it shows a typical Portuguese 
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* Balloons with the following words: 

'Boys and girls, same world, same dreams' 

'Girls and boys, same world, same games'. 

* Plastic bags reading the 'Changing attitudes' project symbol 

and the words: 'Women and men, same world, same tasks' and 'Women 

and men, same world, same concerns'. 

* Stickers conveying the idea that both sexes have to be .given 

the same opportunities. 

c) Audio-visual material 

* The Portuguese 'voice-off' version has been made for the 

film 'The Double day' which was acquired in the first semester; 

this film is especially meant for awareness campaigns in Teachers' 

Training Colleges. 

* The two sets of slides mentioned in the former report are 

still under way. 

* A 30 minute film is being shot, which shows the way children 

live with sex-based roles, as well as the contribution made by 

school and teachers in changing attitudes. 

The snapshots were taken from some pilot schools involved in 

the project and from the Teachers' meeting held in April, mention 

being made thereof under item 4 of the present Report. 

The relevant snapshots have already been taken and their 

selection is under way at present. The film is meant for teachers' 

continuous training as a first call of attention. 

3. Work with teachers in schools under the pilot experiment and 

with Teachers' Training Colleges 
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During the semester corresponding to the second part of the 1981 

schoolyear, intervention activities were carried on in schools in

volved in the pilot experiment. Throughout the relevant time-span, 

teachers were systematically testing activities oriented towards 

changing the pupils' attitude vis-a-vis sex-based roles. Activity 
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testing was always preceded by an introduction and debates with 

the participation of both discussion leaders and teachers, about 

the targets and content of each activity followed by the relevant 

assessment. 

After the assessment of the work done in every school had been 

started as early as in March, the necessity was felt to change the 

methods used so far, i.e. the meetings split into two clearcut parts: 

first, a series of activities being presented, and second, an 

assessment of activities already implemented. Thus, such meetings 

became an opportunity to assess and discuss the output of the activity 

testing. It was deemed more suitable indeed to introduce the other 

activities as a whole, trying together with the female teachers to 

insert them within the current Primary Education curriculum, thus 

enabling pupils to deal with them in a more spontaneous fashion by 

assimilating them into their day-to-day work . At the same time we 

did the outmost to tune our suggestions to the different age-groups 

of children involved in the said experiment. 

After completing each exercise or activity, teachers were 

required to fill in an assessment schedule especially designed to 

sum up concerns about the implemented activities. 

A meeting of teachers was held in April for the evaluation of 

the pilot experiment stages in the 4 Primary Schools concerned, as 

well as the work done in changing attitudes towards the sex-based 

roles at the level of Teachers' Training Colleges (mention being made 

thereof below). Attending were most of the schoolmasters, teachers 

and monitors who were involved in the project in a way or another. 

Furthermore, the meeting highlighted the necessity to further 

the work done along these lines and the ways and means to translate 

it into practice. Some recommandations were thus drawn about the 

subject, which were subsequently submitted to the Ministry of Education 

with a view to gradually being circulated through channels somehow 

linked to teachers. Starting from such suggestions, we also drafted 

a recommandation for a protocol to be concluded between the 'Comissao 

da Condi~ao Feminina (Women Condition Commission) and the Ministry 

of Education. Should the protocol come into force, the project could 

be furthered at the Primary Education level after the completion of 
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creating suitable conditions for the project to be extended to 

other Education levels. 

The stage of intervention among the pupils ended up with 

another session of tests or questionaries which had already been 

applied at the beginning of the experiment (October and June) with 

the aim of gathering elements for assessing an evolution in their 

attitudes . 
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After concluding the implementation of such undertakings (in 

between the teachers were interviewed in sub-groups and the inter

views were taped, thus enabling the oral means of expression to 

highlight certain facts of the experience lived by teachers and 

pupils which had been skipped during the ordinary activity-assessing 

meetings. This was an important step indeed, since most of the 

elements collected were vivid examples of the way in which children's 

activities had been evolving. 

To complete intervention in pilot schools, the discussion

leaders suggested that a meeting should be held in which they them

selves presented to the participants an overall assessment of the 

intervention implemented in several schools, bearing in mind the 

different stages, targets, methods, degree of participation and 

involvement in this work as well as the level o f discussion about 

the contents of such undertaking as were reac hed on the whole in 

every session. 

As to the work done in Teachers' Training Colleges, awareness 

campaigns were launc hed in various schools in Leiria, Caldas da Rainha , 

Faro , Viana do Castelo, Penafiel, Aveiro, Braga and Lisbon. Such 

s e ssions brought together teachers and students fro m Teachers' 

Training Colleges and from ancillary establishments, primary Schoo ls 

where future teachers undergo practical teaching training, a s well 

as t e a c hers and pupils from Nursery Educators' Schools. Further 

ac tivities were carried o ut in Leiria and Faro with teachers already 

in e xercise undergo ing continuous training actions. 

The main target of such activities was to reflec t / debate upon 

the position held by Women and Men at the different levels of our 

society with a view to aro using growing awareness resulting in the 
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setting up of a group responsible for this course of action in 

every School, with the support of the CCF. 

Owing to the ever wider scope of this project as well as to 

the fact that the pilot experiment in the Great Lisbon District 

Area has reached the assessment/completion stage, it has not been 

possible so far to encourage action in Teachers' Training Colleges, 

so that this work is planned to be resumed in September. 

The aforementioned schools sent their representatives to the 

Meeting held in April, where they could voice their opinion about 

the project and the advantages deriving from a continuous course 

of activities of this k~nd in Primary Teachers' Training Colleges. 

(See survey report and recommendations issued at the end of the 

Teachers' Meeting.) 

A meeting was also held last July which brought together 

representatives of the said schools to debate upon activities 

suggested for the schoolyear (c. f. CCF - MEC Protocol). 

In September a meeting is scheduled to be held in Lisbon with 

the participation of all Teachers' Training Colleges countrywide, 

aiming at working out a course of action along the 'Changing 

attitudes' path. At the same occasion, the Ministry of Education 

will be notified of the names of the teachers who will undertake to 

co-ordinate the implementation of the relevant program in every 

Teachers' Training College, and will officially ascribe to each one 

a certain number of hours for this purpose. 

4. Children Literature Seminar 

A Seminar was held the 18-th to the 19-th of May which dealt 

with the following topic: 'Children Literature: its contribution 

to better balancing sex-based roles'. 

This seminar was sponsored by the 'Comissao da Condi~ao Feminina' 

with the participation of a member of the Basis Education Board; its 

objective was to debate upon the way children literature can help to 

a better balance between female and male roles. 
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The proceedings were opened by the Head of Office of His Excellency 

the Deputy State Secretary of the Prime Minister on the latter's 

behalf and the last session was closed by the Director General of 

Basic Education - a lady-director general - on behalf of His Excel

lency the Minister of Education. 

We found it necessary that female and male characters depicted 

models which children should imitate, be not only a mirror of our 

reality but also a way to suggest new behaviour patterns. 

It is important that books point to new types of relationship 

between chilren; to new female and male roles; to more balanced 

male roles; women playing more efficient and active roles in today's 

society. 

It was on these grounds and in this very spirit that we organized 

the Seminar and suggested these topics for discussion. Thus, a forum 

was opened to writers, designers, representatives of publishing houses, 

headmasters and infant school teachers, teachers of Portuguese and 

children literature from Teachers' Training Colleges and Nursery 

Educators' Schools, journalists and people responsible for children 

broadcasts within the media. 

The seminar enjoyed the participants of two lady-experts in the 

field, namely Dr . Ying Toijer Nilsson from Sweden, who submitted a 

paper dealing with sex-based roles in children books, setting out 

from an overview of the evolution of the Northern and Anglo-Saxon 

literature over the past 20 years. It was a highly valuable analysis, 

showing the way people relate to children literature can contribute to 

a better knowledge about the spreading of sex-based stereotypes and 

their evolution process i n the author's country, Sweden. The next 

day, Dr . Ivone Leal d'veiled on the Portuguese situation in a paper 

whose title was 'Stereotyped portraits in children literature. Some 

examples from the Portuguese literature'. 

Both papers were copiously illustrated by visual material through 

the speeches delivered by the two lady-speakers. They were followed 

by debates upon the relevant topics in plenary sessions, with the 

active and lively participation of about 150 persons attending the 

seminar. In the afternoon sessions the public split up into small 

groups for further reflection, involving most of the participants 

in the seminar . 
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A great number of written materials, including studies already 

published, texts of the conferences delivered and supporting texts 

for group debates, were circulated among the participants at large. 

The proceedings of the seminar called forth a deep response 

both from press and radio broadc asts . In our opinion, this seminar 

was extremely valuable thanks to the large audience it brought to

gether as well as for having provided a forum devoted to a topic 

which has become a matter of concern for an evergrowing public on 

account of its importance in changing attitudes. 

5. Other information and awareness campaigns 

Bearing in mind that mass-media are playing an outstanding part 

in disseminating ideas relating to changes in male and female roles 

within the framework of our society, we endeavoured to establish 

personal contacts with journalists working in various newspapers and 

magazines in such sections which, in a way or another, have to do 

with Feminine Condition problems. Contacts have been established with 

people responsible for radio and television broadcasts , with a view 

to attracting their attention to the objectives set forth in the 

projec t. Besides, texts describing the targets, actions and material 

of the project have been drawn up and circulated through all mass

media channels. 

Moreover, information and awareness campaigns were carried on 

involving trade-union bodies, cultural associations, groups under

going illiteracy-eradication training, scouts, a.s.o .. 

Project-inspired posters as well as the issue 'A boy, a girl' 

formerly launched under the project, were sent out to the teachers 

of Portuguese in all Secondary Schools countrywide on the occasion 

of Women International Day, the 8-th of March. This issue was meant 

to both teachers' and pupils' awareness of the necessity to think of 

a debate on the sex-based roles topic. 

During the first quarter of 1981, provisions were made under 

the project for participation in the 'FIL-Juventus' April display 

(FIL stands for Lisbon International Fair). This Fair has yearly 

displays in Lisbon and is open to all youngsters regardless of the 

age group they belong to as well as to infant school educators and 



and education-related staff. On the occasion of this ten-day 

display, we tried our hardest to launch a far reaching inform

ation and awareness campaign about the project and its guide

lines, by circulating a wide range of materials especially 

designed for this purpose and taking into due account the 

different age groups of children, teen-agers and grown-ups 

- to whom our message was being conveyed. 

6. Inquiries in Attitudes 

A relevant sample of the Portuguese population was involved 

in the public opinion survey on certain fields which are telling 

examples of the outlook expressed in connection with the roles 

women and men are playing in our society. 
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As far as family attitudes are concerned, the field inves

tigation started as early as last December and this work is being 

furthered at present by an analysis of the content of the gathered 

data, which will provide more follow-up work in the second half 

of 1981 . 

(Note of the editors. Due to defective copy, some words 
had to be restaured by the editors. We hope this didn't 
affect the essence of the author ' s text.) 



15. Women in Science: A De ve l oping Count ry 

Doris Simonis 

University of Montana 

Montana, U.S.A. 

Because teenaged girls generally avoid classes in physical 

sciences and advanced mathematics, they reduce their career 

options. Even highly talented young \,omen do not pursue science 

in numbers proportionate to their share of the college student 

population. 

One way of e xamining this problem of underrepresentation 

is to recognize that women have been effectively isolated from the 

kinds of encouragement, feedback, and experiences that their 

brothers have been provided in family, educational, social, and 

occupational situations . Independence in thought and action rarely 

'wins praise for a girl, and mechanical as well as intellectual 

attainments are likely to get approval only if they are expressed 
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in "feminine ll arts and services. This "Balkanization U of occupational 

choices and roles impoverishes many human endeavors. As Plato 

said over 2000 years ago, "Nothing can be mOre absurd than the 

practice that prevails in our country of men and women not following 

the same pursuits with all their strength and with one mind, for 

thus the State, instead of being a whole, is reduced to a half." 

Without personal experience in active exploration , young 

women develop a "split-perceptual" view of science. They recognize 

that scientists do, indeed, manipulate materials and ideas to gain 

more information but they themselves would consult a book or ask 

an expert for advice if they wanted to know about unfamiliar 

materials in hand (Simonis, 1978) . This "Bible and prophet" approach 

to gathering knowledge is similar to the instructional strategies 

used in developing countries where science is not a familiar aspect 

of the culture. The anti-authoritarian spirit of inquiry is foreign 

to the tribal (family) consensus-seeking and cooperation that 

traditionally favored survival in small communities. 

Also, the most familiar, domestic tools of science are not 

universally beloved by WOmen. Most of them have been designed b y 

men, including such personal and specifically women-related objects 
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as baby bottles, contraceptives, and abortion techniques. Hany 

others are used more for destruction than for the service of 

life (e.g. lasers, ballistic missiles, nuclear weaponry). [11 

short, the ima~Je of science and technology as an aggressive, 

competitive pursuit by people who like to have control over others 

is not compellingly attractive to persons who see themselves as 

acted upon by its enterprises. American science has raised anxieties 

about the environment and its ability to substain us at the same 

time that it has reduced women and many men as well to the role of 

passive consumer and victims. Could any colonial power do more? 

To help break students away from strictly rote learning, from 

passive acceptance of the "magic power" of a teacher's or scientist's 

knowledge is the greatest challenge to science educators in devel

oping countries (Moravscik, 1974). It is also the greatest challenge 

to creative thinkers - to break away from the "accepted" answer and 

conventional modes, to explore alternatives imaginatively before 

critically evaluating them and making choices. Girls are perhaps 

less likely to take intellectual initiative without direct encou

ragement to do so. (Eggleston, Galton and Jones, 1976; Kagan, 1964; 

Maltzman, Brooks, Bogartz and Summers, 1958; Ogunyemi, 1972). But 

there is evidence that their creativity, assertiveness, and willing

ness to take more risks can be directly encouraged. My own research 

(Simonis, 1978) gives evidence that development of verbal analo-

gies related to physical phenomena encourages creativity in young 

women. Also, the manipulation of objects in a non-directive, 

student-oriented laboratory environment enhanced figural creativity 

which, in turn, may be related to spatial abilities and engineering 

skills. Hands-on-activities also effect shifts in girls' preferred 

modes of learning, favoring more active, experimental initiatives. 

Research by a few, and assumption by many, are that role-models 

or same-sex mentors are highly important for women (as they also 

have been for men). Some strategies for increasing oppurtunities 

for such interaction on a one-to-one basis will follow. Less 

personal examples chosen by some textbook writers are inclusion 

of brief biographies and pictures of pioneering women mathematicians, 



engineers, and scientists in appropriate curricula. Another assumption 

(validated by statistics that women from single-sex colleges were 

disproportionately represented in the small corps of women scientists 

in the U.S.) is that young women are more likel y to succeed in 

science and math if they are not isolated as "the o nly" or "one of 

a select few" in those courses. When women are a small minority 

registered for a particular discipline, aggregating them in one c lass , 

laboratory, science c lub, or housing unit may help develop a peer 

support group to reduce feeling s of isolation and to develop strate

gies for coping in a "man's wor l d " whe re sexual harassment and 

p ressure s to confo rm to stereotypical mode l s can be very intense, 

especially among teenaged youth. 

The sense of community, of soci a l responsibility, and of appro

priate response to signifi cant others seems to be still very strong 

among young wome n , and they often de-select themselves from math and 

science courses because the relationship of such c urri cul a to their 

perceived roles i s seen to be a conflict. As Walter Scott Smith has 

reported (1976) , Kansas City high school students who had been pre

identified as math- and science-talented predominantly stated that 

a l ong-term career commitme nt would interfere with c hildren/spous e 

respo nsibilities. The perceived conflict between career and parentina 

was the most significant barrier anticipated to c hoosing a science 

career. 

Dr. Smith also reported that a sub-group of high schoo l s tudents 

late r attended a one-day career self-awareness workshop at the 

University of Kansas . During the six-hour workshop, subj ect s examined 

their own interests and capabilities, explored factors (including 

barriers) affecti ng their decision-making , dis cussed capabilitie s and 

career aspirations with their parents and/or each other, re-examined 

their ideas about a woman's pursuing a traditionally male science 

career, and talked with professional wome n already in such careers. 

Wo rkshop l eade rs helped the group exp lore barriers (especially role 

conflict) during t he d i scussion with role models . Dr . Smith thinks 

tha t in science a p e r ce ived conflict of roles, and not a perceived 

lack of ability, was discouraging his study gro up from pursuing non

traditional careers . Similar self-awareness treatments may be instru-
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mental in persuading young women to continue their educational 

preparation for sc ience careers. 

At the University of Iowa, I took the approach that young 

women (high school and college undergraduates) might benefit from 

greater "career awareness". The "Women in Science Career N'orkshopll 

sponsored by NSF and the Science Education Center in spring of 1980 

featured 18 women scientists in various physical and biologic al 

sciences (excluding clinical ones where women are now well-repre

sen ted). They talked not only about the challenges and joy of their 

work but also about the family/spouse compromises necessary and 

resolution of limits to time and energy. The 145 participants had 

pre-registered their interests in securing discipline preparation 

and employment-related information as the reasons for coming. 

But the post-evaluations revealed that the primary benefit of the 

2-day workshop was the rapport developed among the professional 

scientists and the support and encouragement they gave to the young 

women participating. As Alma Lantz (1979) has noted, girls perceive 

science careers as a lonely life and one incompatible with women 's 

potentially discontinuous work patterns and child-care commitments . 

This perception was modified somewhat by seeing and hearing that 

women scientists were still women (not "imitation men"), that a 

variety of lifestyles and career options has been selected by 

succesful professional women, and that attractive role models are 

"out there" and eager to encourage upcoming young women to join them. 

The workshop had a positive effect on attendees who subsequently 

raised their career aspirations and/or newly resolved to pursue a 

career in science , engineering, or mathematics. In order to extend 

its benefits and to further develop a network of informal career 

counselors and potential mentors for young women, I then sollicited 

volunteers among women scientists in Iowa who would be willing 

to talk to individual students or classes and/or give public 

presentations at future conferences. This roster of 253 local scien

tists and science educators was then compiled into the Iowa Directory 

of Women in Sc ience and one copy each \<as distributed to every high 

school, college , and junior college in Iowa. 
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Other encouragements to high school students have been the 10 

annual symposia on "Science, Technology, and the Humanities", 

directed by Dr. Pizzini and sponsored by the Science Education Center 

at the University of Iowa and the U.S. Army. Talented high school 

science students (typically about 40% girls) and their teachers 

spent 2 days in Iowa City. Hearing speakers and visiting research 

labs in areas of interests to "hard science" attracts a higher 

number of young women to these conferences than their percentage 

of class enrollments would suggest. 

The Secondary Student Training Program at Iowa also provides 

unique opportunities for gifted high school students to do some 

research with collaboration and direction of University scientists. 

Many young women take this opportunity to get firsthand experience 

in an area of interest before completing high school, and gain 

confidence in their abilities as they write their reports and as 

they publicly explain their project and results at a special session 

of the Iowa Academy of Science, and when they compete for prizes 

and scholarships in state and national science fairs. 

In 1982, another workshop I initiated will provide additional 

career information to job-seeking trained women in Iowa. Additionally, 

an extern program is being implemented that will pair a woman who 

expects to be working within the next year with a woman scientist, 

engineer, or technician already pursuing a career in the area of 

interest. The novice will "shadow" the professional for a week to 

see firsthand what the environment, responsibilities, and special 

features of the job may be, gaining new perspectives for both hostess 

and visitor. 

The feminist movement has stressed economic independence and 

parity for women. Thus it is surprising that more women do not 

aspire to be engineers, geologists, and computer specialists. Those 

are the "in demand" occupations, followed by industrial chemists. 

Actually female enrollments in those areas have never been higher, 

probably due to widespread publicity about the employment oppor

tuni ties available. Yet most sciene-talented \"omen still flock to 

biological and pre-medical courses and some medical colleges have 

30-35% women students compared to 1-5% accepted 20 years ago. 
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Increas ing opportunities has resulted in an increased response 

fa voring the service-oriented, health-related occupations. 

Why haven't the physical scientists similarly bene fitted by 

attracting talented girls? The greater professionalism and appearance 

of "closed ranks" among physical scientists may make them seem less 

approachable. In the United States, natural history was still 

essentially an amateur's pursuit encouraged by local clubs in the 

19th century when college education for women first became a possi

bility. Therefore young women and their mothers had opportunities 

for developing their interests and enthousiasm for the fauna and 

flora of the local environment. However, the physical sciences had 

already passe d into professionalism and were much more formidable to 

approach (Daniels, 1971). 

Analogies of sexual aggression - "force I! , lIpressure ll , "dynamics", 

"thrust ll , "implosion ll , 1Ipenetration", "insemination of ideas!! - can 

be interpreted as hostile to women, and they abound in the literature 

of physical sciences. Mathematical abstractions are often introduced 

in instruction or even used as explanations before adequate verbal 

equivalents are elaborated in the c lassroom, giving impreSSions of 

"secret passwords" or a hidden code comprehensible only to an 

initiated elite. Also , the historical symbiosis of war and techno

logical advancements is wellknown and less than interesting, even 

repugnant, to many talented women. Emphasis on ballistics, high

powered and mammoth mine strippers, nuclear submarines, neutron 

bombs, and fusion-applied world-wide power grids may appeal to 

persons delighting in remote control of large numbers of people and 

resources. But I think such persons are rare among wOmen . Their life

experience is more close ly related to cooperative efforts and to 

work perceived as socially beneficient. \~hile women who choose 

careers in science are likely to be more creative, androgynous, 

and independent thinkers than their peers, they will have preference 

for more human-scale pursuits like active and passive solar-heated 

buildings; medically-related engineering projects (ove r ~ the stu

dents in bio-engineering at U. of Imla are women); environment

related chemistry, biology, and geosciences that have implications 

for f uture generations. Some, indeed are into "war games" , but I 

think research will show that they are a distinct and very small minority. 



Metaphors of science, then, may need to be given more attention 

by educators and textbook writers. Some time-worn analogies about 

projectiles and pistons could be replaced with descriptions of hang

g lider paths and hot air balloon mechanics . Molecular dynamics of 

ions in solution can be introduced with comparisons to behaviour 

of people in crowds, as Canadian teacher Ton Hodges (1975) has done, 

or parallels beth'een r.ockey and chemical kinetics may be drawn. 

New interests in \"W'omen I 5 sports can provide associations for ex

plaining natural phenomena. 

Tennis ball trajectories may replace talk of bullets and bombs. 

The idea that significant numbers of young women should be in 

scientific and technical careers is new to the Western World, just 

as science educat ion and industrial technology is a new element for 

the culture of developing countries to absorb. As recently as 30 

years ago , when I was in high school, one of my teachers glossed 

over Marie Curie 's contributions with the deprecatory comments that, 

1I0f course, her husband was a real scientist" and IIShe was so dumb 

about house)·.eeping that she couldn 't even boil spaghetti wi thout 

burning it." The hostility against her achievements and failure to 

fill a typical "woman's role" was effectively communicated to young 

men and women alike. 

In summary, then, women have not had access to an inErastructure 

and "buddy system" of role models of the same sex in scientific 
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careers. At the same time they've been immersed in a culture emphasizing 

traditional daugher, parent, spouse roles for all its women while 

industry has automated most of their productive crafts. To counteract 

this historical development of women as a useful but option-limited, 

less intellectually adventurous pool of workers and citizens ex -

cluded from scienti fi c pursuits, several areas for action, for 

research, and for development are suggested: 

1) New analogies, metaphors, and examples of scientific appli

cations should be emphasized by teachers and texts; 

2) Single sex classes or "pooling" of gifted girls in special 

conferences , sc ience clubs, s ummer research opportunities and 

camp experiences should be encouraged; 
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3) Role models of professionally employed women in scientific 

and technical careers should be involved in classroom visits, 

as job-site hosts, as tutors, and as informal counse l ors! 

advisors for girls interested in science and mathematics; 

4) Development of informal recruiting systems via summer jobs 

related to technical work; "shadowing" or apprentice experiences 

on a one -to - one basis; sponsorship of student projects; 

Career Day information, interviews, and visits involving 

l ocal industries needing qualified personnel; 

5) Encouragement of young women by teachers, counselors , parents , 

potential employers, and peers to be active seekers of know

ledge, to perceive science as an open-ended creative activi ty 

that enlarges the human potential and provides new avenues 

for support a nd development of life. 

Don't deny that science is a counter-cultural activ i ty; for 

women, it is. Overt recognition of this conflict with traditional 

culture-conserving roles is a creative chal lenge. After all , the goal 

of educators should be not just to throw students a fish for their 

immediate needs. Nor is teaching students how to fish enough, as 

the old proverb implies. Rather all students, men and women alike, 

must encourage each other to restock the pond. Then women will no 

longer be a deve l oping country. Instead, they will be developing a 

country and a hospitable world . 
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16 . Recruitment of Women Scientists 

Status and Proposal 

Barbara Simpson 
Gustavus Adolphus College 
Minnesot a, USA 

Despite broadly based ifforts to encourage women to enter careers in the sciences 

and despite an actual small increase in the numbers of women training for and entering 

them, women continue to lag far behind their male counterparts in both preparation for 

and entrance into scientific occupations. 

In the decade of the 1970's, women earned approximately 28,000 or 15% of the 

doctorates awarded in science. Of those awarded, a disproportionate number were 

awarded in the behavioral and social sciences and in the life sciences. The behavioral 

sciences included in the investigation included psychology, economics, anthropology 

and sociology, geography, and political science . Women earned approximately 25% 

of the doctorates awarded there. The life sciences, including biology, zoology, 

biochemistry , agricultural sciences, nealth, and medicine, awarded approximately 20% of 

their doctorates to women. Comparable figures for the awarding of degrees in the 

physical and mathematical sciences, chemistry, physics, mathematics, computer science, 

and envirnomental science, and in engineering were 6.6% and 3.5% respectively 

(Annual Report of the National Academy of Sciences, 1980). 

At the bachelor's level of preparation women earned 37% of the degrees awarded 

in the behavioral and social sciences, 38% of the degrees awarded in the life sciences, 

18% of the degrees awarded in the physical sciences and 7% of the degrees awarded 

in engineering (Annual Report, National Center for Educational Statistics, 1980). 

Of those women completing training, some fewer than men entered the job market. 

At the doctoral level, 96% of the women and 99% of the men found jobs in science in 

all areas except in engineering where women found jobs more readily than did men and 

both sexes were employed at the 99% level (Annual Report of the National Academy of 

Sciences, 1980). 
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In ability, women seem to be about as able as men to work in the sciences. 

Macoby and Jacklin (1974) in a classic review of the literature on sex differences 

concluded that women had some slight edge over men in verbal skills and that men 

had some consistent superior ability to deal with visual-spatial tasks, but that 

individual differences among members of each sex was greater in both cases than 

were the differences between sexes. The commonly observed phenomonon of "math 

anxiety," fear of not doing well which translates into avoidance behaviors and 

reduced performanc~ would appear to be just that--fear. 

Once they get into a science oriented career, the women seem to earn close to 

and in some cases more money than their male colleagues. Specific instances of 

discrimination in starting salary and promotion do certainly exist, but on the average 

women earn salaries comparable to those of men at starting levels. Women Ph.D's 

in 1979 earned something less than $250.00 less than their male colleagues in the 

physical and mathematical sciences. In the social sciences the figure increased 

to something around $1500.00 a year at the maximum. In the health sciences the 

difference increased in favor of the men up to an average of $3,000.00. In engineering, 

however, women earned on the average $250.00 more per year than did their male 

colleagues at the entry level (U.S. College Placement Council, 1989). 

When these figures are compared with median salary figures for workers in 

general, women scientists appear to fare even better when compared to male colleagues. 

Median salaries for women with eight years of public school in 1979 was $6,000.00 a 

year whereas the median salary for males with eight years of public school was 

$12,000.00 per year. For those completing 12 years of public school, the figures 

were $9,000.00 and $15,000.00 respectively. For college graduates at the baccalaureate 

level the figures were $11,000.00 and $20,000.00 respectively. Those with five and 

more years college, the figures were $14,000.00 and $22,000.00 (U.S. Dept. Comm. Report). 

In all, women college graduates earned 60% of that earned by their male counter-
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parts and close to the amount earned by a male who did not complete the first eight 

years of public school. This may be accounted for largely in that 2/3 of all women 

employed were employed in stereotypical female occupations which pay on the whole less 

than stereotypical male occupations (U.S. Department of Commerce Report, 1980). 

Without making ,brief that female scientists are overpaid or even paid well enough, 

they can be said to fare better in the sciences than they do in occupations in general. 

Salary alone is not a reason for women failing to enter the sciences. 

Women do, however, stay out of careers in the sciences in substantial numbers. 

And they do so when they have the ability to compete well in them and when 

the earn better salaries, find jobs, and get promotions. 

Why is it that women avoid careers in the sciences? Well, in the first place 

they often simply do not think about going into science. They don't know women who 

have done it. And they see a career there as something a woman wouldn't seek. These, 

at least, are the things I find when I talk with young women coming to college at 

my institution each year. The troubling thing is that women say that now even though 

there has been a press for some time to change attitudes. I might say also that 

women at my institution are not unusual in expressing these thoughts. We attract 

a large number of women, in fact, who are interested in science and who come to us 

because they are interested in science. If our female population is different in any 

way it is more likely that we have more rather than fewer women students who come 

with plans to enter science. The majority of them, however do not and seem to me 

at least to be avoidant rather than neutral in considering science career alternatives. 

For some years now psychological researchers have been looking at why it is 

that rational, intelligent young women avoid professions in general. The avoidance 

of careers is not limited to careers in the sciences. Here, of course, am talking 

about the professional and not the assembly line worker in a scientific organization. 
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Explanations have included and accounted for variables which impact on women from 

without and variables which impact from within in the nature of attitudes, beliefs, 

and values. Data for the first have been nicely reviewed in the educational literature 

(Ekstrom, 1972; Roby, 1973; Kutner & Brogan, 1976) and suggested as late as the mid 

1970',s that women continue_d to be encouraged less than do their male peers to 

enter training programs and/or to pick up basic skills, that women receive less 

financial help to get training or schooling. and that they had been counseled at the 

completion of their programs to accept less demanding (and less financially rewarding) 

assignments. A more disturbing to me hypothesis for why women fail to enter the 

sciences emerges from the data from Spence, Helmreich, & Stapp (1975) who suggested 

that women may be realistic in believing that they are discriminated against for 

being competent in the ways men are competent and that they would have to become 

competent in order to enter a professional career in the sciences. 

In the Spence, Helmreich, & Stapp study both males and females were given 

an opportunity to respond to a portrait of a competent person (in a videotape inter

view) by means of a projective technique (a series of questions about the stimulus 

person) before answering objective questions about her or him. Males and non-feminist 

females rated the women as less desirable as a social companion than they did the males 

though each sex showed the same behaviors. Only female feminists rated the woman 

to be as desirable as they rated the men on social variables. Hagen and Kahn (1975) 

presented data supporting the hypothesis that males spoke a language of being willing 

to accept females who showed professional aggressive behavior but avoided significant 

interaction with them when given free choice and alternatives of non-competitive 

women. Both males and females were likely to exclude the women they rated as being 

competent on career variables when choosing a social group. At the same time they 

were likely to include in their social group women they rated as incompetent on career 

variables, suggesting differential reward for the demonstration of "incompetent" 

work oriented variables. 
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Shaffer and Wegley (1974) found, further, that devaluation and rejection of 

women occurred more strongly wnen competent women openly adopted competitive 

orientations and minimized nurturing and supportive behaviors. In this investigation 

male and female college students read descriptions of a highly successful female 

student who was viewed by her college instructors as having "great potential 

for a successful career in her chosen field~ Two characteristics of this fictitious 

individual--her degree of success orientation and her preference for masculine or 

feminine sex roles--were varied. That is, she was presented as bavi!Jg ~ been 

oriented toward success or as not oriented in that direction, and she was presented 

as having been oriented toward a feminine-nurturing posture or as having been oriented 

toward a competitive-masculine one. Both male and female students rated the 

competent woman as having been less attractive as a work partner when she combined 

strong success orientation with a prefer~nce for the c9mpetiti~e-masculine role. 

Relatively more attractively rated were the women who were portrayed as either strong 

in success orientation or preferring the competitive-masculine role but not both. 

The women who had been portrayed as low in success orientation and feminine-nurturing 

in role preference were rated most attractive as a work partner. 

Appleton and Gurwitz (1976) found that both males and females were preferred 

in terms at least of the amount of time persons were willing to spend "helping" them 

when they expressed role-expected career preferences. In thei r study male and female 

college students sought help from male and female subjects in selecting careers either 

in engineering or in library science. Measures of the amount of time spent in "helping" 

the students choose the career included (1) time spend in interviews, (2) time spent 

in telephone conversations, and (3) time spent in letter writing. On all three measures 

subjects elected to spend more time witha woman student when she indicated she wanted 

a career in library science than when she said she wanted one in engineering. In fact 

behaviors other than strictly career-counseling behaviors were elicited and recorded. 



216 

Male students were comparably given more time when they indicated they were considering 

a career in engineering. 

Whatever other interpretation one places upon the data presented, one might conclude 

that women (and men) find it more difficult to remain conflict-free when entering 

a lion-traditional area and that they do so particularly when that non-traditional area 

demands behaviors which people generally find attractive only in the other sex. Add 

to this the competing rewards women find in building relationships outside of work, 

in establishing a home, and in raising a family, and one begins to see that women need 

a special kind of encouragement if they are to enter non-traditional areas in general 

and science in particular. That is, they need access to specialized training and to 

jobs, but they also need to deal with a rather complex set of realities; and they 

need something beyond training and job access to deal with those. They need evidence 

that they can find reward in the larger sense--that they need not necessarily give up 

rewards in social and feminine-role areas. 

What is it that enables a woman to achieve success in this larger sense? 

A study done at the University of Michigan (Tangri, 1972) provides some interesting 

answers to this question. A wide variety of psychological measures were taken on 

200 women students who were enrolled in traditionally male dominated majors. Past and 

present family relationships were investigated. Contrary to previous research, women who 

aspired to the male-dominated professions indicated they identified not so much with 

their fathers as with educated, successful women. That is, they had had successful 

female models available to them. They were also at least as likely as their peers 

in the more traditionally female majors to have both romantic and casual relationships 

with men. What was different, primarily, was their commitment to the career. 

Secondarily they were found to be more autonomous, more individualistic, and more 

internally motivated than were the traditionaly oriented women. They also expressed 

more doubts about their ability to succeed and about their identity. 
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They found support for their aspirations in the companionship of female friends 

and instructors. Rated as more important for them, however, was support from 

a boyfriend, male instructor, or lab assistant. The key,overall, was acceptance and 

support from people the women students found important to them. 

Kundsin (1973) conducted an intensive study of 12 women scientists. To be 

included in the study, the women had had to be nominated by both male and female peers, 

they had had to be married and raising a family. The 12 women scientists wrote 

extensive life histories and were analyzed by experts from a number of fields. 

In a psychiatric analysis (Anderson, 1973) the variable which emerged as most 

important in determining their success was an ability to cope emotionally with being 

reacted to as deviant. Anderson found also that the women were able to function 

autonomously to an unusual degree and that they were much more able than the average 

person to function well despite lack of understanding from people around them. 

Again, family histories showed support for them in general and support for their choices 

of career in specific. Both male and female models for achievement appear to have 

been accessible to them. Nine of the fathers and seven of the mothers were reported 

by the successful women as having been supportive of them and of their choices of 

career. Only one parent was rated by them as baving been negative toward them or 

their career choices. Half of the women scientists had been first-born children. 

More than half of them had had only one sibling. As an aside, they had on the 

average more ohildren than they had had siblings. They all evaluated their marriages 

as having been satisfying. 

What can we learn from these studies about what it is that women need to train 

for, enter, and maintain a successful career in the sciences? First, women must be 

able to see and to work with successful women scientists. The importance of a model 

in making choices emerged as a critical factor. What was not so clear from the 

studies reported, but is something I have found in 20 years clinical work with young 

women)is that models are most effective when you also have a language for identifying 



218 

what is and is not essential in the model's behavior to success in the modeled 

activity. The studies cited above give us a beginning language .. I think, however, 

that we might improve on this language. Perhaps we can talk a little more here at 

the completion of the paper about what it takes to be successful. Afterall we 

have some experience collectively and individually in being successful scientists. 

I would like to invite us to talk about this. Whatever it takes, I suspect 

strongly that we will see large numbers of women enter the sciences only if we can 

make a rational case that one can do what one has to do as a scientist without 

placing in jeopardy other successes that women need. I would like, also to see us 

talk about this at the conclusion of the paper . Personal and social support beyond 

that provided in role-appripriate modeling also emerged as an important variable in 

the studies cited . I personally believe it may be as important as, perhaps more 

important than, the other two variables identified. What it is that the support 

need address will vary from person to person and place to place, but I think it 

likely it will always deal rather directly with what Tangri's women called self

identity and ability to succeed. 

As a practical strategy I would like to suggest that women who are already 

successful career scientists reach out, and be given opportunity to reach out, to 

talented women at all ages to let those women who are able but who have not given 

serious thought to a career in the sciences that it is possible to successfully 

combi ne a career there \'fi th persona 1 goa 1 s. Second·, 1. wou 1 d 1 i ke to suggest that 

we develop and/or improve upon already developed networks for communicating 

information, defining issues, and providing personal and career support for the 

already employed scientist, a contrivance to be sure but something approximating 

the "old-girl" network. Third, I would like to see interaction among women scientists 

at all stages of the development of careers. Those more experienced cooldprovide 

models for those less experienced; those less experienced couldr.model success for t ho se 

even less experienced and so on. One of the things I have found to be true in 

~y experience in working with women scientists and women students is that someone 
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always teaches someone else something when you put people together who have common 

interests and a common need to meet. I have found, also, that I can learn from 

women at all stages of their careers. Those ahead of hefprovide models for things 

I would like to do better and those of lesser experience, while sometimes doing that, 

always seem to pose questions in wa~ I think anew about my own experience and through 

that thinking find fresh perspective. 

As a side benefit from getting women together, I have found that male, collaague~ 

stand watching on the side and on invitation join in the gathering and profit from 

it. Those I work with at Gustavus tell me they have come to change their ideas about 

women since I have begun holding workshops for them. They tell me, and their female 

students confirm their reports, that they are less prejudiced against women than 

they were before. This didn't just happen. I deliberately brought women scientists 

in for the first workshop all of whom were superior in credentials by any criteria to 

the men with whom I worked. did so, however, in a way that the men felt a part 

of the endeavor. For example, I collected vitae and then asked the men to advise me 

on who to bring in. In that sense, the women who came in were there (partially) 

by their choice . believe those male scientists have changed their attitudes toward 

woman students: see them actively encouraging talented women to plan majors in 

their departments; and I see some of those women becoming science majors. More 

detailed information about our plan at Gustavus can be found in an appendix to this 

.paper in the form of the narratives for project proposals submitted to and funded by 

the National Science Foundation Women in Science Programs, 1977, 1979, and 1981. 

The keystone of these projects was provision of support for women to enter science. 

I believe and I present for your consideration here the thesis that what women need 

to enter programs in science does not differ greatly from what they need to remain 

in science fields--that the needs of both the novice and the experienced scienti st 

are similar and that they center principally upon development of strategies for filling 

a complex set of personal and social goals. 
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NARRATIVE 

A. Description of the Workshop 

The Gustavus Adolphus College Science Career Workshop for Women wi II 

be held on the campus Saturday , April 24, 1982, and wi I I be accompanied 

throughout the year by continuing women in science activities. Participants 

at the one-day workshop wi I I be 75 women scientists from south central 

Minnesota and surrounding areas who have at least a baccalaureate degree 

in science and are currently unemployed or underemployed as scientists, 

and 75 women students who are majoring in a science. Gustavus Adolphus 

Col lege is a particularly appropriate setting for this Workshop because 

of its reputat ion as host of the annJ 'a I Nobe l Conference in SCience, 

because of its successful 1977 and 1979 Women in Science Workshops 

sponsered by National Science Foundation, because of its leadership in 

Cooperative Edu cation in Minnesota, and because of its location in south 

central Minnesota where it can draw participants from the greater 

Mankato-St.Peter-New Ulm area, Faribault-Owatonna, and the Twin Cities . 

The Workshop wi I I consist of: 1) an opening session with a keynote 

address on the concerns of women in science, including training, career 

breaks, re-entry, and career opportuni ties; 2) information sessions con 

ducted by resource persons from both industry and academia; 3) a noon 

luncheon with several addit ional resource persons avai lable and with an 

address by one of them; 4) a closing session with time for evaluation and 

with a closing panel of resource people; and 5) an information coffee 

during which. participants can become fami I iar wi th materia l s avai lable in 

the .Gustavus Ado lph us Col lege Career Resource Library and can also select 

materials to take with them. 

1) Opening session . This wi ll be a time for the brief introduction, 

fol lowed by a keynote address by one of the eight resource persons. She 

wi I I present accurate data on how women are being educated and hired in 

scientific fields, mentioning that career breaks and re-entry are normal 

stages in the careers of many women in science. 

2) Information sessions. When registering for the Workshop, each 

participant wi I I select three of eight possible information sessions. 

These wi I I be conducted by menbers of industry and academia who represent a 

variety of fields including the physical, biological, medical, 

envi romental, social and behavioral sciences, as wei I as mathematics and 

engineering and who represent this state, other regions, and various sectors 
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of the economy. The resource people wi I I use a lecture/discussion 

format. The lectures wi I I provide specific information about educational 

and job opportunities in the particular field and wi I I also describe re

entry programs that already exist for women in science. Lectures will 

explain what areas within each field are growing and will be sources of 

employment in the future. They wi I I discuss strategies that employed women 

scientists have devised for coping with problems unique to women, such as 

dual career fami I ies and chi ld care. Participants wi I I be encouraged to 

join in a discussion of these topics, immediately beginning to form a basis 

for networking and mutual support and understanding. 

3) Noon luncheon. The luncheon wi I I be an integral part of the 

Workshop experience since it will function as an additional information and 

networking session. One of the resource persons will present an address 

concerned with current research on women in science. The speaker might be 

someone I ike Dr. Edith Luchins of the Department of Mathematical Sciences 

at Rensslaer Polytechnic Institute, Troy, New York, who is conducting 

research on the psychology of learning mathematics. Discussion at the 

luncheon will be enriched by the Drecence of scientists from the greater 

Mankato-St. Peter area, both men and women, including Gustavus Adolphus 

faculty members and faculty spouses trained in science, and career and pla

cement counselors, in addition to the eight princioal resource people. 

Seating at the luncheon will be planned to maximize conversation between 

participants and resource people. 

4) Closing session. Participants wi I I reassemble after their final 

information session to take part in evaluation and to hear a closing panel 

of both men and women scientists who wi I I summarize what they bel ieve to be 

the significantissues facing women in science that have been raised during 

the day. Panel participants wi II include some or all of the eight resource 

women, with the addition of male members of the Gustavus Adolphus science 

and social science facul ty. 

5) Information coffee. A short information coffee will be used to 

provide Workshop participants with pamphlets, brochures and other printed 

materials that they may take with them, including materials offered by 

resource people whom they have not had the opportunity to hear or meet. 

These printed materials may deal with a spectrum of topics from science 

career opportunities with a specific firm to graduate school requirements 

to resume writing. This coffee wi II also provide an introduction to kinds 
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of materials in the Gustavus Adolphus Career Resource Library, which will 

be an important facet of the Workshop's continuing activity. 

Publ icity for the Workshop (as well as the continuing activity) wi I I 

be coordinated through Steven Waldhauser, Director of News and Information 

at Gustavus Adolphus. He wi I I use standard publ icity channels such as area 

and Twin Cities newspapers, radio and television. In recruiting student 

participants, he wi I I see that publ icity reaches other campuses through 

their offices of academic administrat ion and the respective natural, physi

cal and social science departmentsat col leges, univeristies, community and 

junior colleges wi thin a IOO-mi Ie rad ius of St. Peter, Minnesota. In 

rec ru it i ng the re-en t ry women, in add i t i on to cove rage by the news med i a, a 

significant part of the publ icity effort wi I 1 extend to alumni offices of 

educational institutions within a IOO-mile radius. Special emphasis will 

be placed on announcement s in alumni periodicals and newsletters. For 

Gustavus Adolphus itself, for example , notices wi I I be placed in the Alumni 

Quartely for Fall and Winter 1981-1982 and in class letters (which are 

distributed regularly) of al I graduating classes for the past 25 years. 

B. Criteria for Selection of Participants 

Places at the Workshop wi I I be reserved for 75 women students who are 

majoring in a science, 35-40 from colleges in a 100-mi Ie radius and 35-40 

· from the host college. Another 75 places wi II be reserved for women who 

have at least the baccalaureate degree in science and who are either un

employed or perceive themselves as being underemployed. 

All applicants must demonstrate their potential to succeed in a 

science career, presenting as evidence thei r academic achievement and/or 

preparedness or past employement. In the case of students, paritcipants 

will be invited through the Academic Dean's office at each institution. 

Deans wi 1 I verify that appl icants have at least a B average in science 

courses and/or an SAT score in the range of M-550 . Re-entry women should 

hold a baccalaureate degree in science from a recognized institution of 

higher education. 

Gustavus Adolphus will invite app,licants based first on criteria of 

potential success in a science career and second on stated need for 

assistence. In order to encourage racial minority and handicapped women to 

participate, the latter criteria may be given primary consideration. 
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C Continuing Activity 

The continuing activity for Workshop participants wi I I be incorporated 

into the Gustavus Adolphus Col lege Career and Life Planning Office and wi I I 

be directed by Patricia Hamm, Career and Life Planning Coordinator (See 

Vita, Appendix A). Her position, establ ished at the beginning of Academic 

Year 1980-81, provides on-campus career cousel ing and internship referrals 

for Gustavus students, allows students intereated, in science careers to be 

identified early in their undergraduate years, and offers support services 

for them. Incorporating the Women in Science continuing activity into Ms. 

Hamm's office demonstrates an institutional commitment to providing support 

and resources for women interested in science careers. 

As part of the continuing activi ty, career counsel ing wil I be avail

able through Ms. Hamm's office on a one-to-one basis for each woman par

ticipating in the Workshop. The anticipated need wi I I be for those women 

who have experienced a career break and/or are looking for re-entry skills 

and information. Services avai lable wi I I be centered in the Career 

Resource Library and in the areas of career counsel ing and career network

i ng. 

The Career Resource Library next to Ms. Hamm's office wi I I be updated 

to reflect current information on careers in science as well as material to 

assist women in I ife planning, creative problem solving, job seeking, dual 

career famil ies, career breaks, leadership training and personal develop

ment. This material wi I I be avai lable to al I women attending the Workshop 

to help them in exploring career goals with an awareness of the influence 

of sexism and stereotypic attitudes on their occupational choices. A 

selected bibl iografhy (See Appendix B) I ists resource materials al ready 

avai lable and a sample of those to be purchases wi th NSF support. 11s. Hamm 

wi 11 introduce the participants to the 1 ibrary and wi 11 explain its use. 

Another facet ot the continuing activity directed by Ms. Hamm wil I 

also be an expansion of work that is already Ms. Hamm's respnosibi I ity. A 

network of women scientists wi I I be ci I tivated as a strategy for helping 

women scientists with the re-entry transition. A I ist of Gustavus alunmae 

involved in a science career, and who are wi I I ing to meet and counsel 

participants,wi I I be made avai lable to all who attend the Workshop. This 

I ist can be extrapolated from a larger I ist of Gustavus alumni and their 

careers which has been developed during Fall, 1980. by the Career 
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Cousel ing and Cooperative Education Department under a current grant in 

career preperation and I iberal learning from Northwest Foundation, 

St. Paul. This I ist wi I I be updated annually to reflect the job placements 

of each Gustavus graduating class and every two years for the job changes of 

I isted participants. Ms. Hamm wi II coordinate the networking activity. 

It should be noted that Gustavus Adolphus College already supports a 

continuing activity that results from the 1979 Women in Science Workshop 

supported by National Science Foundation. Dr. Sylvia Shafto, adjunct 

academic advisor to women science students regularly counsels women 

students concerning their academic programs and arranges information/ 

discussion sessions for them. Dr. Shafto's budget is allocated by the 

Col lege. No funds for her or for her program are requested in the 

present proposal. The I ist of women among whom she currently publ icizez 

discussion/information sessions, however, wi I I be expanded to include 

participants of the 1982 Workshop. Topics covered in these sessions are 

equally appl icable to women science students and trained women who are ex

periencing a break in their science careers. ( See samp le list, Appendix C.) 



THE PROBLEM 

17. GIRLS AND PHYSICS 

Svein Sj¢berg & Svein Lie 
The University of Oslo 
Oslo 
Norway 

Natural science is a "male subject" in Norwegian schools, and physics 

is the part of science where this is most marked: Girls very early 

develop negative attitudes to the subject, they underachieve compared 

with boys, and they avoid physics when curricular choices are made. 

On the other hand, the entrance qualifications for many advanced studies 

are linked to attainment in mathematics and physics. Whether or not 
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a de facto knowledge of classical mechanics is needed to become (or to 

start studies to become) an engineer, a doctor, a dentist, etc. is not 

the main point here. (But it is very doubtful indeed!). The important 

point is that the formal requirements for acceptance are in terms of 

attainment in mathematics and physics (and not in biology!) These "hard" 

subjects serve the role of being a selection mechanism, and they have 

developed a "ell-protected aura of being "objective" criteria for future 

educational success . 

So, "hen girls early at school choose not to take physics, they also make 

negative choices for their later possibilities, often "ithout being a"are 

(or being made aware) of this. And they not only turn their backs on ca

reers as technologists, they often also close the doors on medicine, den

tistry, veterenary medicine and a lot of important occupations "ith high 

status and income. As a slogan. one could say that "physics today is po"er 

tomorrow" . 

By not taking physics at school. girls restrict their educational and vo

cational possibilities. And equally important: They leave major fields 

in society open for male dominance. 

THE PROJECT 
The project "Girls and Physics" is supported by the Ministry for Church 

and Education and carried out at the Centre for School Science at Oslo 
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Important activities are to give help and advice to teachers, to run in

service courses, to be involved in curriculum development etc.. To do 

such ~ork require s a background in the subject-matter~ a kno~ledge about 

and experience from the school, and some training in educational theory. 

Hence, tbe st g.ff at the Centre is composed of people cover ing these 

various fields, and together with attached university students they are 

also involved i ~ re£eaT~h in the area of science education. A description 

of th" various research interests of the Centre i.s gi ven in (1). 

The project "Girls and Physics" has beer, founded ~c,r a pe ri od o f three 

years, starting in 1981 . A steering group of 6 persons (3 of each sex) is 

responsible for the project, one of these i s employed on full time. In 

addit i on , two students are involved in empirical studies that will be the 

bRsi s fo r their final university degree (cand . scient). 

PERSPECTIVES AND A.IMS 

The project i s clearly action-oriented: Its aim is to help change the 

presen'. situation, t o develop strategi.es that ~ill result in greater equa

lit,' between the sexe s wit h respect to subject choice and choi c e of later 

studies and careers. 

We see the need for c hanges o f two kinds: 

1. A change in the descisions taken by ~~ 

2. A. change i r. tht subject and classroom practice. 

The first point may be achieved by giving better and more relevan~ infor

mation and advice . Girls should be made more a.are that curricular choices 

may have large and unwanted consequence s for later educa.tion arid their vo

cRtiooA.l possibilities. Informational material direct~d towards the girls 

may help, and advisers and teachers must also be made aware of t"i;~ problem. 

We have examples that both teachers and advisers all too often on1:1 strengt

hen tht traditional stereotypes instead of actively counte racting them . 

Other measures for i n fluencing the girls ' decisions are also being considered . 

The second point involves a change in the subject and the lIay it is presented 

bot.h in books and in classroom activities. Since t.his point fo rms part of 

Our ideol ogy , a set o f values that we believe in, it may be lIorth ·..;h il e to 

elaborate this a bit : 
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We consider "physics" not to be an unproblematic commodity existing by 

i tsel:'. Out of the wide stock of knowledge of the physical world, some 

products and some processes are selected as being worthwhile school know

ledge. Since physics teachers are men, and since physics textbooks are 

vritten by men, it is likely that this influences the selection that is 

made. 

We also consider the implicit image of science presented in textbooks to 

be an important point. In our opinion the current textbook version of 

science is a closed and authoritarian activity, where the main point is to 

reproduce answers to questions YOll never asked, or to remember the correct 

formula where you can slot in your numbers only to gri~a out the correct 

solution. One Cb " show that this kind of game is played (successfully!) 

also by university students (2). Part of the textbook image of science 

is also that of an objective and neutral, "clean" intellectual pursuit iso

lated from the turmoil of politics, culture, philosophy, production and 

societal context in general. We will argue that this image is at odds with 

all cur~ent thinking in epistemology and in the philosophy and history of 

science, but it may be well suited for the selection purposes described 

earlier. 

Also fer reasons other than educational equality, we want to change this 

image. Physics should, in our opinion, be presented more as a process 

than a produco, more as a way of asking and finding out, than a collection 

of "nsvers to given questions. Physics should also be "humanized", shown 

to be an integral part of our present culture as well as our past. Physics 

concerns our world picture, a.,d physical theories have ;"ide philosophical 

implications. Furthermore, in present society, many important and contro

versial decisi ons must be based on scientific knowledge ~ ££~~nation with 

value judge~ents. By stressing such aspects of physics, we are sure that 

pupils ·,..ith 'different values and perspectives will find it interesting. 

In "humrucizing" physics we hope that more girls will find it challenging. 

We also hope that girls in turn might make a positive contribution to this 

development . 
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3ut 0; ~: o·..lrse: if! l].0. d iti on tc'l det erm :ination and i d2Jl ogy, ;.IE; need [actual 

k nc'.Ile <l.ge about the situation '.Ie ''''ant t.o char.ge! And to deve lop e:'fect ive 

strat. ('! g:es, ve ::eed ~Ci kno'" '.Ihich factors that are crucial, we need to k:lO;; 

whe re, when and hew the prot~.e',. :: an be 9.ttached . 

In the !"oll0'.< Cli\ , we descdbe some of the results we a.lready have ttrid the 

kir.j of i rl'restigations we are involved in. 

In the No r'.legian comprehensive 1-16 schoo], scien c e is ' taught as one inte

grated s11bject the last three years . In an empi rical study (3,4), a repre

sentative sam;;le o f SCr.le 2 , 000 pupils were asked to underline the part of 

the ~ t,;.bjec t sri en ce that they liked best shortly after lC9.'ring the 9-year 

co~prehen.sive school . The r esults were these: 

i 
~2,8 PI,O 

-- 10,0 wv ,. ~ 
d 9 9 rI 9 

BTOLOGY CHEMISTRY PlfYSTCS 

~'he relative popularity of sci~e subjects 

Numbers Or, tel' c· f the ccl unms give the frequencies for boys and girls 

s"' panlt. ely , a.r.d t:-, e :lumbe r t o the right gives the tot'l.l . The sum for the 

three SlJl::~ec t.!2 '. 2 ,"ore than 100%, since some pupils underlined. two o f the 

three science: "hat school sciences comprises. 



Th e pi. cture is dea r enough: Biology is the most popular part, physics 

i s t he least, This applies to both sexes, but while the diffe r ences in 

boys' preferen~es are rather small, they are extreme for the girls': 
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Dnpping from 84.9% .liking biology dowr to 14.0% liking physics, A rece nt 

study (5) has shovo a similar popularity pattern for the sciences in the 

Norwegian 1lpper secondary school (17-19 years). 

These investigations only rate the different parts of science relative to 

each other. Let us alse look at some numbers where the school subjects are 

rated relative to othe r sub jects. In a study (6), pupils in the upper part 

of t he comprehensive school ( 14-16 years ) judged science (i.e. the three 

subjects biol ogy , chemistry and physics taken together) a s the only subject 

at school that could compete in difficulty with the important subjects that 

have ext ernal, written exams. Tvice as many girls as ' boys judge sc ience to 

be their '!!9st dif f icult subject. (Although the girls' grades in science were 

slightly better than the boys'!) 

When asked which subject they would preferably be spared from, if poss ible , 

there were 6 girls to each boy who chose science as the odd one out! 

A tentative conclusion is that although biology may be a "girl s' subject", 

it is the hard image of physics menti oned earlier that dominates when science 

IS taught as an integrated sub je ct . 

Similar conclusions concerning girls' at titudes to (the different parts of) 

scienc e are showr in a range of studies in Britain by Orme rod (7) . So evi 

dence for saying that physics is a "male" subject is very clear when it comes 

to pupil s ' attitudes. 

Achievement 

The same differences emerges when one looks at actual ach ievement in tests . 

Al ison Ke ll y d.raw s the following conclusion in her extensive study of science 

achievemer,t in 19 countries (8). 

"Yli thin each country fourteen-year -old boys gained higher scores 
than did fourteen-year-old girls in each bran ch of science. This 
despite the fact that in some countries science was co~pulsory and 
therefore both boys and girl s had studied the same amount of science 
up to the age of fourteen". 
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She [ in13 , however, 8. rather great variation from country to cour,tr:: , and 

also from one area of science to another. It is interesting, ~ l ~o, that 

gid s in one courlt ry may score higher than do boy s in an othe r: 

In our ' )\oITl studies concerning physics (3,4), we find Norwegian results in 

line with these. In variably, boy s score significantly (p « 0.001) 

better thlUl do girls_, although in some cases the difference is great, in 

other cases ra'~er small. Let us illustrate this point by an extreme ex

ample. The probl-" is the following: 

"The drawing shows a man who 
uses a mach in e gun instead of 
an outbca.rd motor. The artist 
obvi ously t hinks that the boat 
~ ill move. Do you agree? Give 
reasons for your answer,·' 

F~---"'" 

In this particular case, 32% of the (16 -year-old) boys gave reasonably 

satisfactory answers, compared to only 8% of the girls.+ 

It is tempting to suggest that this huge difference is due to the actual 

contents of the task: machine guns and mot or boats being part of the 

"boys' reali t y", but not of the girls I. Or to qualify the stat ement: It 

is mere: probably that boys have had the physical experience of feeling a 

gun "ecoi l violently against his shoulder, and also that boys in general 

have te~~ playing more than girls with toy boats as well as with real on es 

with meters. This difference in background experience is probebly one of 

the ,':, ,;ccdJr,g stones for obtaining equalit y of attainment, 8nd ',Ie discuss 

poss i ble waye for the school to compensate for this. 

+ A correc t ansWer could be that a force is exerted by th~ gun on the 
·oullet.s, hence the bullets exert the same and ol'posi te force on the 
g,:n. Therefc re , the boat will move. 1'be speed ,.ill depend or, tr.e mass 
ef the bull ets, their speed, their number, et c . (A wide varih',i c n over 
this cheme was accepted). 
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Sex discrimination in textbooks. 

Textbooks may favour one sex ar.d handicap the oth.er in many different 

ways. It is likely that there is an indirect and subtle bias against the 

girls for many reasons . We will first comment on these. 

Most of the socialization takes place outside (and often before) sc hool. 

The point is well illustrated by the drawing below, taken from a brochure 

issued by the Equal Status Council of Nor"ay. 

It is the:re:fore likely that ·"hen boys meet school scienc e, they have already 

developed manipulative skills; they have ex periences of direct relevance for 

scheol physics and technology, and they have also developed interests in this 

area . They also encounter science curricula and textbook s written by men, 

filled with ill~st rations and examples based on male experience . And the 

science teacher is most often a man. This kind of discrimination i s se ldom 

the result of a deliberate policy. 

It is just "natural" for a male author to choose examples that are drawn from 

boys' experience (and from earlier textbooks). And besides, although it is 

easy to ~ that one should build more on girls' experiences, it L~ not that 

easy to be precise and constructive, and to point out exactly what these are. 

Here, we hope that interested science teachers will generate ideas. (We have 

already got a wide network of science teachers, mostly women, "ho want to con

tribute to the project). 



23~ 

One can also shov that school science, physics in particular, is presented 

on a level of abstraction that is too high for most pupils (4). Although 

tests shov that girls and boys have the same ability (or lack of ability) 

to handle abstractions, girls seem to be more bothered by not understanding 

than boys are: Girls feel discomfort vhen they do no grasp the meaning; 

boys feel alright as long as they remember the correct ansvers. 

Also, boys seem to be more "instrumental" in their attitude tovards the 

subject, while the "person-oriented" girls seem to be looking more for 

"relevance", vhich they do not often find in the hard school sciences (9). 

School science is "thingoriented", and issues like the social relevance of 

science are seldom dealt vith. The image of science presented in textbooks 

is in conflict ~ith the values and interests developed by most girls. 

These factors: examples based on boys' experience, an unrealistic high level 

of abstraction, and the hard image of science, are in our opinion, indirect 

vays of discriminating girls. They also represent areas vhere immediate 

action is difficult, but where long-term influence may be fruitful. 

In addition to the described indirect vays of discriminating, the textbooks 

also contain more concrete forms: 

Our preliminary analysis of textbook illustrations (10) reveal that out of 

the number of persons depicted, only some 10-20% are girls/~omen. And when 

they are shown, the message is often of a sexist character: they are shovn 

in a narrov and traditional range of occupations, and often in passive roles. 

A biology textbook portrays a man as the acme of biological evolution,vhile 

a naked ~ is used to illustrate "bilateral symmetry" (one breast on each 

side of her "symmetry axis"!) The same book also contains clearly sexist car

toons. Such examples are easy to point out, and, we hope, not ' too difficult 

to get rid of. 

We also cooperate vith a research group vorking on learning difficulties among 

children from foreign countries. They analyze texts for readability, scienti

fic vocabulary etc . They have registered textbooks from several subjects "on 

data", vhich (among many other things) make it possible to get frequencies on 

certain vords . Some results are simple to get at: 



1. The relative frequencies of he/him/his relative to she/her/hers is 

97% to 3% in the most commonly used textbooks in physics/chemistry 

from grade 4 up to 9, all counted together. 

2. Many of the "he"s referred to, are named historical scientists. It 

may therefore be more fair to look at words like boy/man relative to 

girl/woman. Here the frequencies are83% to 17%. 

Comparison ,.ith books in history and geography show clearly that the books 

in physics/chemistry by far are the most extreme! 

Such"research": simple counting of male/female pictures and counting of 
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the relative appearance of certain words, is easy to petform. But even that 

is impottant: The results are so overwhelming that they convince those who 

deny that there is a sexist bias in textbooks today. 

For many, these results come as a surprise, since all textbooks in Norway 

are examined by several consultants before they get the necessary official 

approval. One of the consultants looks for possible sex discrimination. It 

was a great surprise when we found out that it was up to the author or pub

lisher to take their advice or criticism seriously or to ignore it. We have 

taken contact with these consultants, and we plan to take action to see that 

their comments will be taken seriously. We are also engaged in revising the 

instructions for these consultants. We also try to formulate positive measures 

that can make it possible for textbook writers to actively counteract tradi

tional roles. We hope that also publishers will take these matters seriously, 

and inform their authors. 

TWO EMPIRICAL STUDIES 

The pupils meet science as a separate subject for the first time at grade 7 

(age 14), and we have good reason to believe that this first year is crucial 

for the development of their attitudes and interests. Our two students are 

involved in empirical studies concerning this. These studies have just 

(sept. 1981) started, and short descriptions of the perspectives are given below. 
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A. A case study , 

where 100 pupils in one school are f ollowed through the year . The student 

has been a teacher in that school f or many years. Through interv iews, 

question~ire s and observation he will try to describe wha.t happens i n grade 

7 and try to identify reason s for this. He will analyze the attitudes, 

expec t ations ane the factual knowledge the pupils have when they s tart, and 

then fol l ow each i ndividual through the year. He will also note whether 

dif feren t subject matter or teaching styles appeal differently to boys and 

girls. 

Preliminary results indicate rather small differences ~n a~titudes to 

science, as r evealed by the initial interviews and qu estioniiire s . 

B. A national survey 

A test and que st ion~ir e is be ing distributed to a representative sample of 

1200 pupi ls from 60 school s allover the country. Several aspects a.re in

vestigated in this test, some. of which have been touched upon earlier in th is 

artic l e. 

The pupils are presented with a l ong list of different topi cs that might be 

cover ed in the physics lessons , and they are asked to i nd i cate ,.hat they would 

like t o learn more about. This will give us an interest prof ile fo r boys and 

gi rl s that might be compared with each other and with the ac tual contents of 

the textbOOkS. Included in the list are also topics of "pure" sc ience, dif ferent 

types of technical applications, social issues of science and techn ol ogy etc. 

The pupils are also a sked to choose amon g a list of different learning actv i

ties (do i ng experiment s ,reading books, listening to the teacher etc.) 

Most of the test is , however, concerned with cognitive a spect s of scienc e. In 

SOme questions, we ask about basic technical kn owledge and specifi c contents 

l i ke simple electric circuits , heat etc.. In other questions the pupil s are 

asked to explain rather simple obse rvation s from their (different? ) daily ex

perience. Another class o f que stion s concern basic cogn i t ive skill s of impor

t ance to sci ence education: notions of vertical and horizontal,coneervation 

of mas s and volume et c .. 
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SOIce of tr,t" 'lclest,ions are given in two forms: 1) In "closed" form, e~g. 

multiple choice, where the pupils select among already existing formulations, 

and 2) in "open" form, where the pupils are free to make their own formula

tions. The test is admir,istred in two versions, where open and closed ques

tions are mixed so that comparisons will be possible. The hypothesis we 

have in mind is that different forms of questions might appeal differently 

to the two sexes. This has been suggested in earlier research. 

FUTURE ACTION 

In this article, we have mainly described aspects of the problem as we see 

them, and we have indicated the kind cf information we try to produce. In

directly, we have also descr;ibed Some of the areas where we think action is 

possible. The main purpose is, as mentioned earlier, to~velop strategies 

for ·~hange, and this work is carried out in parallell to the empirical research. 

We do underst~~d the dimensions of the problem we face, and have no illusions 

that we will be able to "put things right". We are, however, convinced that 

something might be accomplished. And materially speaking, we are in a very 
....... ~L&. 

favourable position: our Centre for School Science runs a series of inYcourses 

for teachers. We already use every possible opportunity to raise these problems 

with the more chan 200 science teachers we get in touch with every term. 

In cooperation with official bodies working for the equality between the sexes, 

we are also involved in the development of course material for teachers and ad

visers as well as information directly aimed towards the girls. We also do our 

best to stimulate discussion around these problems through articles in teachers' 

journals and ordinary newspapers. The project has also twice been presented 

in radio. 

We strongly believe that to ~ a problem, to make it visible and to illustrate 

and discuss it, is already a move tovards a solution. 
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Girls into Science and Technology (GIST) is an action research 

project concerned with schoolgirl under-achievement. 1 Its purpose is to 

initiate and support school based efforts to improve girls' attitudes 

to physical science and craft subjects, and to encourage more girls to 

study these subjects when they become optional. At present technical 

subjects, physics and to a lesser extent chemistry are dominated by boys 

from fourth year onwards (Kelly, 1981). This means that girls are cut 

off from most technical jobs by their lack of qualifications, with 

deleterious consequences both for themselves and for the country as a 

whole. It also means that many women are technologically illiterate and 

therefore at a distinct disadvantage in modern society. Schools will be 

failing girls if they allow this situation to continue. The GIST project 

is encourag ing schools to take practical action to remedy the situation. 

By 'action research' we mean that action and evaluation are 

proceeding simultaneously. GIST is not a traditional research project 

where the design is thought out at the beginning by the research team, 

implemented in a carefully controlled way in the schools and finally 

evaluated. On the contrary many of the interventions will arise from 

teachers ideas developed during the course of the proje~t. The research 

design is fluid and constantly changing. If something does not seem to 

be working it is dropped. Conversely we are prepared to capitalize on 

any fortuitously presented opportunity . Many variables are changing at 

1. The project is based at Manchester Polytechnic and is jointly funded 
by the Equal Opportunities Commission and the Social Science Research 
Council with additional grants from the Department of Industry and 
Schools Council. 
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once. This is not a neat experimental situation, but it does approxlinate 

to everyday life in a school. We hope to show that, under normal school 

conditions, teachers can bring about changes in girls' attitudes and 

achievements. Our main outcome measure is the proportion of girls 

choosing to study physical science and technology in fourth year in the 

action schools; if this proportion increases, relative to the control 

schools, we shall have succeeded. 

Ten co-educational comprehensive schools in Greater Manchester are 

involved in the CrST project. Two of these are control schools, where 

attitude and achievement tests are being completed but no intervention 

is taking place. Although not a random sample, the schools serve a wide 

variety of socio-economic catcnaent areas. We decided to restrict the 

project to co-educational comprehensive schools because the majority of 

school children in the country are in such schools, and because previous 

research has shown that the problem of girls under-achievement in science 

may be most serious there (Harding, 1981). Moreover ten schools is too 

few to introduce additional variables such as single-sex or selective 

education. We are mainly interested in the group of children, some 

2,000 in all, who entered these ten schools in September 1981. This 

cohort is being followed from their entry to secondary educatio~ at 

age eleven until the end of their third year in July 1983. 

We have chosen to concentrate on these first three years of 

secondary school for several reasons. At the end of third year, when 

the children are fourteen, they usually have to choose their subjects 

for 0 level or eSE. If they drop physical science or technology at this 

tline it is difficult if not impossible to take it up again later on. 

Yet previous research has shown that girls' attitudes to science 

frequently decline sharply over these first three years. (Brown & 

Davies, 1973; Goodwin, et aL, 1981) By intervening at this stage we 



hope to arrest this decline and encourage more girls to continue 

physical science and technology into fourth and fifth year. 
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It is frequently suggested that it is too late to do much by the 

time the girls get to secondary school, and that we should really be 

working with parents or pr~ary school teachers. While not denying the 

importance of these other influences we think this is unduly pessimistic. 

We do not want to write children off as beyond redemption at the age of 

eleven~ Most pupils now coming into secondary school have had little or 

no formal science or technology teaching, and this new experience must 

surely have a strong influence on them. On a practical level we feel 

that our very limited resources can be most effectively used in working 

with a group of professional science and craft teachers in secondary 

schools, many of whom are already aware of and worried about girls' 

under-achievement in their subject. 

The GIST project is funded for four years. The first year was 

preparatory, and was spent recruiting the schools, making contact with 

local employers to ensure that they would accept girls in technical jobs, 

piloting our attitude and achievement tests and recruiting women for the 

VISTA programme (see below). We have now completed one intervention year 

in the schools, with two more to go. We have already learned a lot and 

at this half-way stage in the project it seemed appropriate to share our 

insights and invite feedback from people not directly involved. Our work 

so far has been concentrated in three main areas: raising teachers' 

awareness of girls under-achievement and helpin~ them to realize that 

they can do something about it; initial testing of children's attitudes 

and knowledge in science and technology for comparison with their later 

performance and cho i ce; and arranging a series of visits to schools by 

women working in scientific and technological jobs who could act as role 

models for the girls. These are described in turn below. 
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Working with Teachers 

The success or failure of the GIST project will largel y depend on 

the attitude ~nd re sponse of teachers in the action scheols. From the 

beg inning we have recognised that intervention strategies are more 

likely to work if the teachers believe them to be effective and, 

preferably, have chosen them themselves .. We do not expect teachers to 

solve the problem of girls' under-achievement as seen from the 

researcher's perspective, but to take up questions of interest to them

selves as professionals, with the GIST team in a supportive role. 

Ideally, awareness of girls' under-representation in phys ical 

science and technical subjects would be a focus of spontaneously 

occurring discussions among staff in schools. In practice, patterns of 

sex difference in classroom behaviour, subject choice and academic 

achievement are frequentl y accepted as a customary and unquestioned 

feature of school life . We therefore had to stimulate the sort of 

discussion which would lead teachers to recognise sex-stereotyping as an 

educational problem, capable of being tackled in the school context . 

This is not to say that every teacher would come to view the problem in 

the same way. But some questioning of the existing patterns was 

necessary so tha t the strategies adopted would be in line with teachers' 

own perceptions and definitions of the problem . 

Our approach to potential action schools stressed that all teachers, 

including the most junior (.']-,0 fcequentl y carry the main responsibility 

for teaching younger pupils) should be involved right from the start. 

Rather than merely negotiating with the head teacher or head of science/ 

crafts, we asked each school we approached if we could talk to the whole 

department about our plans. At these meetings we presented some 

information on ehe extent of girls' under-achievement in science/tech

nology and briefly descrihed the theories put forward tc, account tor the 
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situation. We described some of the strategies which had been 

suggested to counter this situation, emphasising that it would be up to the 

teachers to decide which strategies they implimented if they decided to take 

part in the project. We then left the staff to discuss our proposals 

among themselves and let us know over the next week or so whether they 

wanted to be involved. 

In fact none of the schools where we gave this preliminary talk 

turned us down. All agreed to the next stage, a series of three two

hour workshop meetings where science and craft teachers would meet with 

the GIST team to discuss the 'problems' of getting girls into science and 

technology, and develop their own ideas for intervention strategies 

suitable for their school. The commitment of staff was mixed. In some 

cases we felt the decision to go ahead had been carried by the obvious 

enthusiasm of senior staff and that some teachers remained sceptical. 

It was not always easy to overcome a tendency for GIST to be cast in the 

role of outside researchers proffering solutions. The sessions were held 

in school time so as to give staff the opportunity to voice their doubts 

and discuss their reactions in a relaxed atmosphere. And by meeting on 

teachers' home ground, we hoped to underline the importance of their own 

expertise in designing interventions. 

Previous work with student teachers and on in-service training courses 

had convinced us that, as professionals, most teachers are genuinely 

interested in fostering the development of all their pupils and so 

resent any suggestion that they treat either sex unfairly. At the same 

time they are prepared to voice highly s tereotyped opinions about the 

behaviour and abilitie s of girls and boys. Sex differences are often 

felt to be natural and unchangeable, in line with their own self-con-

cepts as a man or woman, father or mother, son or daughter. Because of 

chis contradiction between a professional commitment to equality and a 

personal belief 1n the natural inequality of the sexes, the workshops had 
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two main elements . We provided a good deal of information ab"ut sex 

differences in the classroom, and the research that has been done into 

the origins of these differences. We also used a number of games and 

exercises designed , to make people con,cious of their own spx-stereoty~es 

and of the way social roles and expectations operate in the classroom. 

The final session was devoted to detailed planning of inter~entions for 

that particular school. 

In general this combination worked quite well, but there were 

occasional prohlems. Some schools found it difficult to get all the 

relevant members of staff together and Io'e were faced with a different 

group of teachers at each meeting. In one or two cases there have been 

such large staff changes that few if any of the teachers who attended the 

workshops ar~ still teaching lower school science. Some groups were 

impatient with the 'airy-fairy' theorizing and de-stereotyping exercises 

and wanted to get on to concrete proposals. It was noticeable that science 

and technical staff tended to value research based factual knowledge 

highly and Here frequently suspi c ious of psychological or sociological 

theories about Lehaviour. However, when pas toral staff who often taught 

English or Humanities were present, [heir response to 'de-stereotyp ing' 

discussions was much more en thusiastic. ~e als o had the impression thac 

younger female science teachers were less likely to di£miss personal 

experienc2 as irrel.evant than old " r male scient.ists. There was sOnle con

c ern that boys mig,pt be disadva'~taged by Ollr interventions and we founu 

it importa,cl te> stress that all \ole ... anted \.las" fair distribution of 

examples, l",a.chi!·,g sr.rategie s . role model s, etc. between the sexes, 

rather than the present over-emphss is on boy •. 

; .. 9 " f o U('\,O-UP to the wOlksh ops, broader s taff mE'etings were helel in 

accion schools \,;'.:.. h rc:p resentatives froUl all departments. The point to 

be ma up hare was t~at sex- role stere otypi ng pervad es all aspects of 
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life, and that notions such as 'science is for boys' or 'girls can't be 

engineers' are not exclusively picked up in science and craft depart

ments. Expressions of support for what we were saying about informal 

learning or the 'hidden curriculum' then helped to create an atmosphere 

in the school of general belief in the value of trying to change 

children's sex-typed attitudes and choices. In such an atmosphere, 

science and craft teachers can receive constant support for their efforts 

from staff with other subject backgrounds. Moreover since the large 

staff meet i ngs were arranged with the help of the schools' senior manage

ment they signify that the idea of positive intervention has received an 

official seal of approval. 

The extent to which schools have implemented the interventions we 

suggested varies considerably. Some teachers have realized the importance 

of classroom interaction and have begun to make small but significant 

changes in their classroom management techniques. We are now trying to 

establish a scheme whereby teachers can monitor interactions in their 

own and others' classrooms. Others have merely accepted the offer of 

VISTA visits and agreed to administer attitude and achievement tests (see 

below). Teachers willingness to commit themselves further seems to 

depend to some ex tent, on how much time we can spend with them. With a 

small research team (one full-time and two part-time researchers) special 

effort s have to be made to visit schools frequently enough for a relation

ship of mutual trust to develop. In the remaining two years of the 

project we will continue to work closely with teachers and we hope to 

reach the stage where every school is using a unique set of strategies 

developed by teachers for the children and environment they know, which 

is capable of running quite independently of GIST. 

Attitude and Achi evement Testing 

Our major presence in the schools during the pupils' first term was 
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as piles of questionnaires and brown envelopes. In the preparatory year 

we had developed a number of tests designed to measure the children's 

attitudes towards science and technology, their preliminary knowledge of 

these subjects and their attitudes towards sex roles . Since most of 

these tests had no right or wrong answers they were generally enjoyed by 

the children. The result s will be used to assess the effectiveness of 

the interventions. We intend to te s t the child ren again in their third 

year and compare the change in attitudes and achievements in control and 

action schools. We also hope to be able to see which groups of girls have 

responded best to the interventions - for example, girls with po s itive 

initial attitudes to scie nce or weak sex-stereotypes might be more recep-

tive than girls who are less well motivated initially or more strongly 

stereotyped. 

The tests are also an intervention strategy in their o~~ ri ght. We 

suggested to the action schools (but not the control schools) tha t they 

might discuss each test with the children af ter they had completed the 

schedules. In practice this ~as seldom done. Now tha t the data have been 

analysed we are taking the re sul ts back to the schoo ls and again sugges-

ting that they be discu ssed with the children concerned . It is generally 

easiest to do this in English or Social Stud i es classes where sex-stereo-

typing can be examined. But pupil's a ttitudes to science and crafts, and 

the reasons for any sex differences found, can also form the basis of a 

discus sion . We have prepared a booklet explaining what we have found 

and the possible impli ca tion s of these results, which we are distributing 

co all teachers involved in the projec t. :': And we !ire visiting each action 

school to explain what was fOUD.d in that particular institution (a lthough 

to maintain confidentiality we a re not giving teachers any information 

.> Copies are available from GIST,(please send ·a large s.a.e.} A more 
detailed statistical a na l ysis is in preparation , and will be published 
in an educational r esea rch jo~rnal as soen as possible. 
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on individual pupils). 

During the first week of the first term the children were given two 

science tests, to assess the knowledge and attitudes which they brought 

will! them to the secondary school. The differences between the sexes in 

science knowledge were very small (see Figure 1). Boys did slightly 

better than girls on the physics items, particularly when they were written 

in mUltiple choice form but other sex differences were negligible~ The 

most striking differentiation carne on the essay part of the test, where 

children had a choice of subjects to write about. Most of the boys chose 

'how cars work' or 'rockets and space travel', but these topics were very 

unpopular with the girls. Girls predominantly chose 'the human body', 

'birds near my home', 'seeds', or 'pond life'. 

Figure 1. Boys and girls mean scores on different parts of the Science 
Knowledge test. 

60% BIOLOGY MEASUREMENT MEASUREMENT 

40% 
PHYSICS 

20% 

j 
B G B G B G B G B G B G 

MULTIPLE CHOICE STRUCTURED 

This suggests that sex differences in interests among 11-12 year 

olds are much stronger than sex differences in knowledge, and this was 

3. No importance should be attached to differences between the various 
parts of the test which merely reflect the ease or difficulty of the 
questions. 
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borne out by the attitude scales. One of these asked the children to 

indicate which scientific topics they would like to learn more about and 

which they were not interested in. Most of the pupils were interested in 

most bits of science, but there were quite marked sex differences (see 

Figure 2). Boys were much more interested than girls in learning about 

physical science, and girls were much more interested than boys in 

learning about animals and plants. The most popular topic overall was 

human biology, followed by 'spectacular' or 'T.V.' science. We are 

therefore suggesting to schools that one way to interest both girls and 

boys in physical science might be to approach it through its links with 

the human body (e.g. forces via muscles, light via eyes, air pressure via 

lungs), so emphasizing its relevance to ourselves. However, our results 

suggest that attempts to interest girls in physics via its domestic 

applications would not be so successful . Neither girls nor boys were very 

enthusiastic about learning 'how a vacuum cleaner works' and girls were 

even less interested than boys! 

Figure 2. Boys and girls mean scores On different parts of the Science 
Curiosity test. 
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It is generally assumed that ' boys have greater experience in 

technical matters outside school than do girls, but this has seldom been 

investigated, However, one of our tests asked children about the sort of 

activities they participated in outside school which might develop skills 

and knowledge relevant to science and technology. As expected we found 

that boys had a lot more experience of tinkering activities - using tools, 

taking things apart and mending them, playing with constructional toys -

and girls had a lot more biological experience of things like planting 

seeds, watching birds and collecting flowers. 

The importance of tinkering experience, particularly for technical 

subjects, is evident from the result of two other cognitive tests . There 

was a mechanical reasoning test, with questions on gears, pulleys, screws, 

etc. And a spatial test involving the ability to visualize and mentally 

manipul ate objects in three dimensions. On both of these boys did better 

than girls, In this context a natural experiment in one of the schools 

is interesting. Because of the way the crdft 'circus' in the first year 

was organised there, some children spent twelve weeks on technical 

crafts while others spent the same twelve weeks on domestic crafts. Both 

groups completed the spatial and mechanical tests before and after these 

twelve week periods. The group that had been doing technical crafts for 

the intervening weeks improved their scores on the spatial test 

sigllificantly more· than the group which had been doing domestic crafts. 

This suggests that boys greater prior experience in technical matters 

outsid~ school may have caused their better initial scores on this test. 

Another of our tests looked at the image of science and scientists 

held by these pupils. Overall both gi rls and boys had quite favourable 

impressions . They thought the social effects of science were mainly 

good, that scientists were quite normal people and that they themselves 

would enjoy learning science . But boys were far more likely than girls 



250 

to see science as a masculine subject. Girls mostly disagreed with 

statements such as 'girls who want to do science are a bit peculiar' or 

'girls don ' t need to know about electricity and light', but boys were 

much more likely to agree or be unsure. Boys , .• ho think like this 

probably transmit their attitudes to the girls and make them feel out of 

place in the science laboratory. So it is as important to work with boys 

in changing the masculine image of science as it is to work with girls. 

Our tests included several measures of sex-typing, and they all 

showed much the same thing. Boys are more strongly sex-typed than girls 

at age eleven. They have more definite ideas about what boys should do 

and what girls should do. In general the pressures on boys seem to be 

stronger than those on girls - it is worse for a boy to be a sissy than 

for a girl to be a tomboy - and the stronge s t disapproval was re ~er,~d 

for feminine behaviour in boys. This again emphasises the importance of 

working with boys to relax their stereotypes rather than concentrating all 

our efforts on girls. 

We also examined tho children's attitudes to school, their home 

background and their parents attitudes . Although these questionnaires 

have not yet been fully analysed, they have revealed some interes ting 

trends. More girls than boys in first year named maths as thei r 

favourite subject, and nearly as many gir ls as boys named science. 

However boys were much more likely than girls to give technical crafts. 

Girls were more enthusiastic abou t school than boy s were and seemed to be 

quite confident of their own abilities. Both girls and boys tended to 

value their own sex a nd rather despise the opposite sex. Parents were 

just as ambitious for their daughters and their sons to do well in 

school and equally keen for all their children to s tudy science (inclu

ding ph ysics) . Contrary to what some teachers believe, the vast majority 

of parents were happy with mixed c raft 'taster' courses. But they were 
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not so sure about children pursuing'non-traditional craft options after 

third year and seemed to expect very different things of their daughters 

and sonS out of school. Parents had quite traditional occupational 

aspirations for their children, and they expected girls to do a lot more 

housework than boys. 

The VISTA programme 

The chief intervention strategy in the first year was the VISTA 

programme, a series of visits to schools by women working as scientists 

or technologists. The aim of the visits was to provide the children with 

role models of women working in 'masculine' occupations who enjoyed their 

work and were successful at it. Ideally they should have an attractive 

and vivacious personality and be leading active personal and family lives. 

In this way we hoped to counter the image of the woman scientists as an 

oddity and reassure the girls that studying science did not mean 

abandoning all their existing dreams of adult life. We also wanted to 

de5tereotype the remote impersonal image of science and technology by 

stressing the links between the work the VISTA visitors were doing and 

what the children were learning in class. 

Women were recruited for the programme by advertisements in the 

national press, visits to local industry, the "Women in Manual Trades" 

group and personal contacts. Some 90 - 100 volunteers were obtained 

and they were invited to an afternoon briefing session in groups of 8 

10 . The letter of invitation asked each woman to think about some 

aspect of her work which could be linked to the science and crafts 

curriculum in the lower secondary school and to prepare a talk lasting a 

few minutes to perform at the meeting. An American project similar to 

VISTA found that girls were particularly interested in ways of com

biniIlg paid work with family life, but were often shy about discussing 
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this with boys present (Weiss et a~, 1978) so we encouraged the women 

to build this aspect into their talks. 

About 50 WOmen attended briefing meetings. During the afternoon we 

tried to give the women information about the GIST project, its progress 

so far, and the aims of the VISTA intervention. The majority of women 

responded warmly and gave accounts of their personal experience at this 

stage. Next we tried to give the women a picture of the 11 year olds 

they would be talking to in terms of their interests, language level and 

their image of science and scientists. In doing this we used SOme essays 

written by 11 year olds in the GIST pilot study, on the theme of an 

interview with a famous wOman scientist. The essays were effective in 

revealing both the stereotyped ideas of the children about wo~en 

scientists and the vast difference between the language level of a 

typical first year and that of an adult as evidenced by the handwriting, 

spelling, grammar and sentence construction of the essays. In one 

briefing Wp used a videotyped classroom discussion on sex stereotyping 

with a mixed class o[ 11 year oLds but this was not so successful. 

Each woman was then invited to give a short extract from 

her talk in front of the group and a television camera. It was explained 

that this micro-teaching was a confidence-building technique often used 

l~ teacher training. Each talk was replayeo and discussed, pointing out 

as sensitively as we could, the gaod things to build 0n. The wOmen were 

generally sufficiently aware to pick out for themselves the parts which 

would not work with the 11 year olds we had de scribed. The final stage 

of the briefing was to discuss with each woman the parts of her job we 

thought would be particularly interesting to children and to think of 

ways to link the talks with topics on the science and crafts syllabus. 

~~ch woman left with a number of ideas which could be developed and 

promised to send us a short paragraph about her revised talk. Some 
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In January 1981 these women began visiting schools. Visits are 

arranged to fit in with the work the children are doing in class and 

take place in normal science or craft lessons. Over 30 visits have been 

arranged so far, and each women has seen 3 or 4 first year classes for 

half-an-hour each in the course of a morning or afternoon. They are 

usually accompanied by a member of the GIST team so that we can provide 

the woman with some feedback on how their talk went and how it could be 

improved. 
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A few examples will illustrate the type of topics that have been 

covered and the links with the pupils normal school work. When children 

are working on forces we have a lecturer in anatomy who can talk about the 

forces in the human arm. When they are learning about acids and alkalis 

there is a food technologist who brings cakes made from cake mixes with 

incorrectly balanced baking powder to show the use of pH measurements in 

the food industry. Learning to use a thermometer is linked to a gas 

engineer who talks about the different ways of measuring temperature she 

uses in her work, including a demonstration of heat-sensitive crayons. 

In craft there is a supervisor in a small brass-foundry who brings rough 

castings of brass "tortoise" doorstops and other decorative articles and 

demonstrates the finishing processes used. 

The response to the talks by the teachers and children has been 

quite positive. Some teachers complain that, despite our efforts, the 

language used by the women is still too difficult. Most of the women 

have impr.o~ed their performance in this respect after meeting their first 

class. The impact of the talks on the children seems to increase as 

they become familiar with the situation. Some classes have had visits by 

3 different women and during the third session questions showed that the 

children were understanding the underlying purpose and implications of the 
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visits, e.g. children asked about the attitudes of male colleagues and 

family members. In some groups the boys have dominated the questioning 

and we have had to coach the women in strategies for getting girls to 

participate too. The numbers of each sex in the group and wheth e r a 

girl or boy asks the first question seem to have an effect on the girls 

in the group. The level of interest and participation of the teacher 

also seems to have an effect. The teacher can often put into words 

something which she knows would interest or puzzle the children and this 

can produce follow-up questions from the class which they ma'y have been 

reluctant to voice without the teachers' support. Our main problem has 

been recruiting women technicians and crafts-people doing jobs requiring 

only eSE or 0 level qualifications. Not only are there fewer women working 

in trades than in professional jobs, but they are less likely to be able 

to get time off with pay to take part in the VISTA programme, and less 

likely to have the verbal skills and self-confidence to face a school 

class. + 

The Next Two Years 

Work with teachers, analysis of the test results and the VISTA 

programme will all continue over the next two years. In addition we hGpe 

to develop interventions in three other main areas: crafts, curriculum 

and careers. 

So far most of our work has been in science. This is largely due to 

our own backgrounds in science teaching and ignorance of craft and 

technology. However we have now appointed a former head of department in 

craft, design technology to work with craft departments. His main task 

will be to develop eDT syllabuses which appeal to both sexes equally to 

4·. Volunteers are still being recruited. If you know of any women who 
would be willing to help, please ask them to contact us. 



replace traditional skills-based education in woodwork and metalwork 

which has little attraction for girls. 

255 

We have always seen curriculum development as one of our major 

concerns. Several pieces of research have shown the way in which science 

textbooks are biased towards boys in terms of their illustrations and 

examples (see e.g. Walford, 1980). However we believe the problem goes 

deeper than this. The way that science is approached as an abstract, 

ahistorical, impersonal subject may fit boys' interests better than girls'. 

Beginning with electricity, a topic which often seems particularly 

unattractive to girls, we want to try to develop some alternative 

approaches. We have already set up a teachers' group to work on this, 

in cooperation with the Girls and Physical Science group of the Association 

for Science Education. But it is difficult for practising teachers to 

find time to work out materials in detail. So far we have only been able 

to respond to teachers' requests for materials on a particular topic but 

in future we hope to be able to devote more time to systematic curriculum 

development. 

As the pupils enter third year and approach their option choices, 

Careers advice will become increasingly important. It has already been 

shown that girls can be encouraged to study physics if its career 

implications are clearly spelt out (Hearn, 1980; Patterson, 1980). We 

hope to develop this approach to include technical subjects. In addition 

to film and tape-slide shows, the VISTA visits will be slanted more 

towarrts careers advice and less towards lesson content in third year. We 

also hope to arrange individual counselling of girls who have shown 

scientific or technical aptitude, and consultations with their parents. 

This list of interventions is by no means exhaustive. We are co

operating with the Equal Opportunities Commission to produce a series of 

posters about women's achievements in science and we have developed some 
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worksheets on this t opic. We arrange occasional conferences with out -

side speakers to pr ovide an intellectual stimulus for the project . 

Several teachers are planning to implement girls' - only clubs in science 

or technOlogy where girls can gain confidence in handling t ools away from 

any possible ridicule fr om the boys. This can be seen as compensating 

for boys' greater experience with tinkering activities outside school. 

And the list is not definitive. Ideas are coming forward all the time and 

the next t wo yea r s may turn out quite differentl y from the way we 

currently envisage them. 
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19. Differen ces in practical ski lis between boys and girls 

Ge r r i t Ve rke rk 

1. 

Eindhoven University of Technology 
Eindhoven, The Netherlands 
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In the Netherlands laboratory-based practica l examinations in Physics 

are required in the last year of the secondary school course from now 

(for the first time: course 1981/82). It is the duty and responsibility 

of the school to arrange these examinations well on his own way. 

On many schools till now there was deve loping a debate about the role 

of laboratory work, there was a grow in laboratory activities and there 

were experiments in testing practical skills. 

Past years I made, together ",i th five secondary schools some kinds of 

practical examinations in Physics. These examinations are used by the 

teachers on th e schools. The results of the students (age 16, 17 or 18) 

on these tests have been evaluated with statistical analyse methods. 

The aims of the research studie s are 

- to find methods for making practical examinations 

- to find methods for testing individual practica l skills 

- to recognize the practical skills in the results of students on the 

various practical examinations 

- to dist inguish these ski lls from those used in non-practical work 

such as written paper and pencil tests 

- to start a discussion about the role of laboratory work in physics 

in the last years of the secondary school course 

- to examine the goals for laboratory instruction in physics education 

in connection with the preceding points. 

The last practical examination was in the schoolcourse 1980/81. I 

gathered the results of the students on l ower parts of the tests and 

a lso on some final examination subjects apart for boys and girls. 

Therefore it is possible to compare the results of the boys Ivi th those 

of the girls. All examined students are in pre-university education 

(in England to compare with A-level) . 

The entire population (229 boys and girls) had an option for Physics. 

The choice for Mathematics I and Dutch then is obligatory. The choice 

f or 11athematics II, Chemistry and Bio l ogy is free _ The population wi th 

an option for Physics on the five schools was composed of 151 boys 

and 78 girls. Dutch statistics show that less girls participate in 

physics education than boys (see: Ilja Mottier and Jan H. Raat in 

Marie, word wijzer ... van Natuurkunde with a summary in English)_ 
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In the following table you can see the final examination results (range 

1-10) for some subjects consisting of a school-examination (SE) during 

the last year of the schoolcourse and a central written examination (CE) , 

directed by the Ministry of Education. 

Table 1: Final examination results 

subject population mean SE I mean CE 

Physics total 229 6.32 I 6 . 00 
girls 78 6.00 I 5.63 
boys 151 6.47 6.19 

Mathematics I total 229 6.79 6.22 
girls 78 6.87 6.26 
boys 151 6.74 6.20 

Dutch total 229 6.7J 6.45 
girls 78 7.14 6.71 
boys 151 6.53 6.32 

Chemistry total 197 6.46 6.90 
girls 63 6.33 6.68 
boys 134 6.52 7.01 

Biology total 168 6.93 6.65 
girls 65 6.68 6.66 
boys 103 7.09 6.64 

Mathematics II total 63 6.93 6.70 
girls 9 6.89 7.06 
boys 54 6.94 6.64 

Discussion: 

1. The results on Physics are low in comparison with the results on other 

subjects. Also other research studies show that Physics is very 

difficult for the students in the Netherlands. 

2. In most cases the results for the school-examination are better than 

the results for the central written examination except for Chemistry 

(it was an easy central examination) and the girls for Math. II (no 

conclusions: to little data). 

3. The results of boys on Physics are better than the results of girls; 

also on Biology SE; the lower measure on Chemistry. The situation is 

just the reverse for Dutch. There is no (great) difference for 

Mathematics and Biology CEo 



In connection with a physical experiment we can distinguish four 

groups of practical objectives with many abilities or skills 

(about 100). 

- the road to the experiment with the abilities to comprehend the 

purpose, to plan, to obtain a Viable experimental set up , etc. 

- the performance of the experimant with the skills manipulation, 

observation, recording etc . 

- the working out of the experiment with the abilities to arrange 

the data in tabular, diagramatic or grafical form, etc. 

- the conclusions of the experiment with the abilities to draw con-

clusions, to write a concise effective report, etc. 

In table 2 you can find the scores by the students on the various 

lower parts of the practical examination (four tests; A, B, C and D) . 

There are missing cases. 

Table 2: scores on the practical examination 
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test abilities max. mean score mean score mean score 
or skills score total populo girls boys 

A,B N = 170 N = 60 N = 110 
C, D N = 190 N = 65 N = 125 

A to gather experi-
mental data in a 
table 7 5.68 5 . 55 5.76 

calculation with 
a formula and com-
parison with data 5 2.87 3 . 02 2.79 

to make a hypo-
thesis from the 
data 7 2.02 1.49 2.31 

B to implement pro-
cedures and to 
gather expo data 
in a table 11 7.93 7.63 8.08 

to arrange data 
in grafical form 6 2.96 3.25 2.81 

to interpret re -
sults and draw 
conclusions 7 1.84 1.82 1.85 
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C to obtain a expo 
set-up and to 
use materials 5 3 . 77 3.54 3 .90 

to implement pro-
cedures and to 
gather expo data 
in a table 7 5.53 5.32 5.63 

to interpret re-
sults and draw 
conclusions 11 3.38 2.88 3.66 

D to obtain a expo 
set-up and to 
use materials 3 2.37 2.18 2.47 

to implement pro-
cedures and to 
gather exp. data 
in a table 8 5.78 5.38 5.98 

to make and in-
terpret a graph 6 3.46 3.03 3.67 

to interpret re-
sults and draw 
conclusions 8 2.84 2.55 2.98 

Discussion: 

1. The scores on the abilities or skills to obtain a expo set-up, to use 

materials to implement procedures and to gather expo data in a table 

are high. 

2. The scores on abilities to make a hypothesis from the data, to interpret 

results and draw conclusions are low. 

3. In both cases boys have better results than girls. 

4. In two cases girls are better than boys: calculation with a (simple) 

formula and grafical form. 

It is to work conscientious with data. 

It is still too early for conclusions (if possible). I have to evaluate 

the results of the students further. I hope to show more at the 

conference. 



2. 

I measured the correlation between the lower parts of the tests 

(see Paper 19). Sometimes there was a low positive correlation , 

mostly when the parts \"ere successive. In many other cases there 

was zero corre lation. 

I examined also the correlat.ion between the lower parts of the 

tests and the final examination results. The correlation with 

the school-examination Physics was significant positive better 

than the corre lation with the (;Cllt )~dl wri tten examination. With 

final examinat ion result s of ot.her s ubjects there was sometimes 

positive correlation and sometim0~ zero correlatlon. Between the 

mutual final examination resul t!i f)f t.he s ubjec ts the corre la tion 

mostly was positive. There were somAt i mes d.l fferences between boys 

and girls but I can 't exp l ain. 

Also with o ther s tatis t- l eo l r. !·;-U, C'<1S (car:')n i e:a l correlation and 

factor analysis) I found somet ). small, di f f ~ ~~nces between 

boys and girls but I can 't give conclu& i onA . 

In cooperation with anot.her school I gathered the final examination 

results and the scores on three short. practical tests. The students 

were in another type of seconoAry ryenr,ral education, hallo, in Eng land 

to compar e with Q-level. The en ur.e population (39 boys and 15 girls) 

had an option for Physics. The cho ice for t1athematics and Dutch is 

obI iga tory. The choice for Chemist.ry and Bio l ogy is free. 

TABLE 3: Fina l examination results (havo) 

subject popu lati·on 

Physics 

Mathematics 

Dutch 

Chemistry 

Biology 

total 
girls 
boys 
total 
girls 
boys 
total 
girls 
boys 
total 
gir ls 
boys 
total 

Ii 5 
15 
39 
54 
15 
jg 

~ 

S4 
1~ 

39 
4_ 

32 
11 
37 

girls )J 

boys 14 

mean SE 

6,47 
6 , 45 
6 ,4 8 
6 , 68 
6,99 
6,56 
6,64 

I 

7,05 
6,49 
6,67 

I 
6,95 
6,58 

I 
G,75 
7,11 

I 0,53 
.1 

me'an CE 

5,91 
5 , 57 
6,05 
6,30 
7 , 01 
6,02 
6,35 
6 ,42 
6,32 
7,31 
7 , 65 
7,20 
6,88 
6,93 
6,86 

-

261 



262 

Discussion 

1. The results on Physics are low again in comparison with the 

results on other subj ects. 

2 . In most cases the results for the school -examination are better 

than the results for the central written examination. 

3. It seems a very good group of girls because the girls mostly are 

much better than boys . 

4. Nevertheless in Physics the boys are better than girls. 

The short practical tests wen, individual. The goal of the three 

experiments was to examine stud~nts skills in reference to measuring

instruments . 

Each test (duration five minutes) had a numbF!T. of three written 

instructions. While the student was busy experimenting, the teacher 

was judging him by his actions. On a list. the teacher was recording 

the results of this actiow·;. 

For each test there was one le<J cilex available "nd al l students passed 

him. In the three tests we can dist inguish 6 groups of practical 

skills. 

1. to make a diagram of a eJectrical network 

2 . to manipulate basic apparatds, switch on apparatus 

3 . to check apparatus, opera tiun of apparatus, zero-adjustment 

4 . to make accurate quantitativI.! observations with the choice o f 

scale and the interpolati on ; ,measurement, of a quantity 

5 . to record accurately the experimental data obtained with the 

just number of decimals 

6. to record the data with go?~~nits. 



TABLE 4 Scures on the teBts 

max. mean score mean score mean score 
sk ills score total populo girls boys 

N = 54 N = 15 .N = 39 
f--. 

l.making a diagram 6 4.130 4.400 4.026 

2.manipulating 5 4.019 4. \J3 3.974 

3 . checking 5 2 . 352 2 . 000 2.487 

4.measurement 9 6 . 074 5.933 6. J 28 

5. recording accura teiy 6 3. ![)5 2.667 3.385 

6.good units 5 3.889 3.533 4.026 
.. • 

total score 36 23 .649 22.666 24.026 

Discussion 

1. The total Score on the thr0e tests is good and al so the scores on 

the skills except checking and for the girls recording accurately. 

2 . On the three tests and on most skil ls bOys have better results 

than girls. 

I measured t he correlation between the groups of practical ski I Is. 

Mostly there was zero correlation. I also measured the correlation 

between the six groups of practical skills and the final examination 

results of Physics. Sometimes there was a low positive correlation, 

mostly there was zero correlation. 

No canonical corre lation is found between the various groups of 

practical sk ills and the two final examination results for Physics. 

I have the tentative conclusion that a zero correlation exi~ts between 

laboratory-based practical examinations especially observation, 

manipulation and recording skills and written tests: 

It means that this sort of practical examination gives students fresh 

courage for good scores independen t on the resul ts ti 11 now . I ts the 

same for boys and girls. 
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20 . Case - study of the pendulum - experiment 

Mathieu Dumont 
Eindhoven University of Techn ology 
Eindhoven, The Netherlands 

1. Introduction 

In the (rather small) Depart:rrent of Physics Teacher Training of the 

Eindhoven University of Technology (THE) we did sore case - studies 

with 8 groups of 2 students f or the MENI' - project (Raat, Jan H. 

Intervention strategies in favour of girls achievement in science 

(physics) and technology in the MENT - project, see paper 13) · 

By these studies we wan' t prove hypctheses. What we like to do with 

the studies is firstly to have same introductions in _the field of the 

MEN'!' - project and seoondly, to do first steps in rraking material for 

discussions with teachers. 

2. The experirrental grOUpS and the exp:rirrent itself 

We invited 16 students in the age of 13 and 14 years (seoond year of 

seoondary schools), to do an easy experiment . While doing this 

experirrent we reoorded their actions by video - tape. 

On a table were put a weight, a sUPpJrt, a string, a stopwatch and 

a measuring - ribbon . 

The instructions we gave the students were: 

1- Fasten the weight at the string 

2. Fasten the string at the support 

3. Let pendulate the weight 

4. ~.easure the time o f 10 pendulations 

Lo you knew how works a stopNatch? 

5. What is the time of 1 pendulation? 

6. Measure the lenght of the pendulum. 

7. Write both results on the blackboard . 

The students did the experirrent in groups with two . 

In Pendulum - experirrent I we had four times a group of a girl and a 
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boy. In the Pendulum - experirrent II we hcrl two times a group of two 

girls and two times a group of PNO boys. 

3. What can we learn by the experiments? 

3.1 Our lTEin int~st was to observe the way students co - operate in 

these conditions. 

By analizing the tape we saw remarkable differences in the 

00 - operation of the two kinds of groups, we had lTEde. 

3.2 We give a resume by making same tables. In table I we show the 

activities, being done by a girl (g) and a boy (b) in the different 

groups of Pendulum - experirrent I. 

Table 1 

Activities in the Pendulum-experiment 1 

Group 1 Group 2 Group 3 Group 4 

read the instructions g g/b quiet b 

fasten the weight b g/b b g/b 

swing the pendulum g b g g 

measure the pendulation-time b g/b b b 

oount the pendulations g b quiet g/b 

measure the length of g g g g 

the pendulum 

write the results on the b b b b 

blackboard 



3.3 Table II is a time - table of the pendulum - experiment I. 

o 

4 

5 

It gives us the time during which a boy (b) and/or a girl (g) 

were actually active in the experiment. 

At the bottom of this table one can see the tcta! tiIre of 

action during the experiment of each of the students. 

Time-table 

Group 1 

g b 

1.25 2.25 

Pendulum - experiment 1 

Group 2 

g b 

3.25 4.25 

Group 3 

g b 

2.0 2.75 

Group 4 

g b 

1.5 2.75 
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3.4 Table III is the time - . table of the pendulum - experiment II 

Time-table Pendulum -experiment 2 
---------------------

o 

~ 11 .j..l 
::l 

.g 
3: 2 

.~ 
.j..l 

3 

4 

1. 75 .75 2.5 3.25 2.65 .65 3.5 3.5 

3.5 We give two exarrples of the way students were talking during the 

experiments. One of pendulum - experiment I and one of. pendulum -

experiment II. 



Exartple dialogue pendullnn - experirrent I 

b. so, ....... . 

we fasten the weight at it, .•....... 

and fasten at the support, •......••. 

g. so we fasten it at the support. 

b. and let pendulate. 

g. rreasure the tine of 10 pendulations 

b. nON, ••.•••• 

g. Do you know hON a stopNatch works? 

Let's think a moment, ........... . 

b •••••.••• yes, let him till four, hm, 

average, ........•.•. 

g. he, can't it to zero? 

b. No, look ..••... SO. And then push it in here. 

g. hm, ..... ten pendulations? 

b. Yes, then start we nOH, Push in, 1, .. 2, .. 3, .. 4, .. 5, .. 6, .• 7, .. 

8, .. 9, .• 10, •. 

Stop nON! 

g. hm, ...... . 

b. Longer than a minute? 

g. No, not s6 long, hm, 13 seoonds, ..... . 

13.4 seoonds ......•.. 

b. 13.4 seconds. 
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g. HON long is one pendulation? 

b, How long is one pendulation? 

Yes, we have to take that, '" so 

hm, •••••. , what shall we do nON? 

....... yes, pendulate. 

g. AlIrost two seoonds. 

b. Alrrost two seoonds. 

g. Measure the length of the pendulum 

b. • .... wait a rrorrent, I think we have to do it different, hm, • ..•• 

pendulum, ....... yes, the length of the pendulum, that's narrely 

the string, .... must we, ...... pendulum, hm; noN,hm, .... 

...... let's look a moment, . ..... . 

g. Has it. to pendulate that way? 

b . yes. 

g . hIJI, 

b . hON far can it reach 

g. oh, ..... yes? ..... oh? 

b . yes, ..... oke, hON far can it reach. 

g. oh, .... hm, •••• 

b. off for a moment. 

g . wait a rrorrent. 

b. yes, ..... 



271 

g. so far, approximately, ....... 7 ..... . 

b. 47 an., ...... 47 an •......... nON, ........ . 

g. write CONn. 

b. shall I do this, ...... Oke. 

g. It was precisely 1.8. 

b. Precisely 1.8? 

g. Yes. 

b. And the length of the pendulum was? 

g. 47an. 

b. 47cm? ..... so, that's finished, .. so, hm •••. 

Example dialogue pendulum - exper:i.rrent II (two girls) 

g2. that's finished. 

gl. after that, fasten the string at the support. 

g2. HON long ten pendulations last, hey. 

Take it! 

gl. HON long ten pendulations are, hey? 

g2. Yes, 1,2,3, ...... stop, .• 

gl. It must be that ,-Jay, that's once? 

g2. hm ••.•.• 
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g1. yes, ..... . 

g2 ......... hm, let's start again, ..... . 

ho, one pendulation is that way .•... .• . 

• • . .. one ...... 1, .. 2, .. 3, .. 4, .. 5, .. 6, .. 7, .. 8, .. 9,.. 10, .. 

7 . 5 minutes, oh seconds. 

g 1. 7 seconds. 

g2. 7.5 seconds, that is 7 seconds, isn't it? 

•• ••• •••• Do you know how a stopwatch works? 

g1. yes, 

g2. ha ... ha ... 

gl. How long is one pendulation? 

g2. Do it now, .... . 

if you just ....... . 

1,2 .... yes 1 ..... 

hey, you rrede a mistake! 

you must 1, 2, ..... . 

gl. oh, . .... 

g2. 1, yes .... yes .... measure the length of the pendulum. 

gl .....•... 54 an ... .... . 

g2. take the piece of paper with you! 

gl. the time of pendulation was 0.6 .......• 

g2. now, the length of the pendulum! 

gl. ready ............ . 



4. COnclusions 

As is sho.vn in table I we can rrake the following =clusions: 

a) In all cases the measuring of the length of the pendulum is done by 

the girl. The pendulum - t.ilre rostly has been rreasured by the boy. 

b) In all cases it is the boy who writes the results on the blackboard. 

As is sho.vn by table II. 

c) 'lhe oc - operation in the pendulum - experiment II is closer than 

in the pendulum - ~rirr.ent I ( see table II and III ). 
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As a starting point for my discussion I will present a pilot 

study about science information to children. With this study 

as a background and referring mostly to my own experiences , 

I make some suggestions on how to make children and espe

cially girls interested in science and technology. Finally 

I present some concrete projects from the educational field 

in Sweden. 

During the last years there has been a growing interest 

in science information in Sweden - that is information to the 

public about science and technology. This includes informa

tion about ongoing research, ways of makinq people somewhat 

familiar with different ways of carrying out research and on 

the whole more open to discuss and evaluate the aims and 

products of research . Thereby people should better understand 

what researchers do in order to be able to follow current 

debates in society actively and critically. 

Swedish universities also have an obligation to 

spread information about research, the results and how these 

results may be applied. 

One important aspect is information to children and young 

people and in a wider meaning ways of stimulating their 

inter~st in these matters. This is a concern of high priority 

for The Council for Planning and Coordination of Research 

(Forskningsradsnamnden) which belo~gs to the Ministry of 

Education and has a special delega~ion for science information. 

A pilot study on science information to children 

One year ago some colleguages and I carried out a pilot study 

to explore how children think and feel about research and 

science . Initially the study was made to give us some back-
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ground data for a radio program with children and scientists 

discussing research. We got so interested, however, that the 

study got somewhat more comprehensive than was meant from 

the beginning . Since I think it may give a good starting

point for my discussion I will relate it in some detail. 

Setting out from questions concerning children's image of 

the future - I was at the time engaged in research on the 

role of school in preparing children for the future and 

besides, we thought the approach would be a fruitful one -

we drew up the following general problem areas . 

- How do children imagine the future? 

- In what ways can children's activity and imagination be 

stimulated and how can we help them to influence their 

future? 

These questions could be connected to research and science 

information in a rather natural way : 

- which areas of research have points in common with children's 

reality experiences? What is exciting and important to them 

and what interests can be roused? 

- Is it possible to inform children about science and research 

in a manner so as to stimulate their curiosity and activity? 

- Which ideas for research and solutions to problems can 

children contribute with themselves? 

Our study was supposed to give us a first idea of . children's 

image of the future together with sugaestions to research in 

the future. 

10-11-year old children from 10 school-classes from dif

ferent parts of Sweden were asked to draw a picture and write 

an essay on the subject "Future in the year 2000" . We also 

visited the classes and talked with the children. During 

these sessions we wanted the children to express themselves 

rather freely, but the discussions were kept along the 

following lines: 

- What do you think future will be like? 

- What can we do to make future the way we want it to be? 

- What kind of research would you like scientists to carry out? 

The taped group discussions as well as the drawings and 

essays were content analyzed according to their main themes. 
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This study is to be seen as an exploration of a compara

tively new field. Above all we wanted to get ideas and inspi

ration for further science information work but also the new 

experience of meeting young people in our role as scientists. 

I n my original report about the study I call the results a 

"bank of ideas", which may be used in further discussions 

about science information or inspire to more elaborately 

designed studies. (For the moment Swedish TV is discussing a 

program based on the data .) 

A summary of our main observations can be stated as follows: 

The meaning of "research" was usually explained by the children 

by terms like "to invent things", "to get to know more", 

"to find solutions to problems" . 

The most important research objects for these children 

were without question problems concerning environment and 

pollution, energy supplies in the future, the technological 

society and its consequences, violence and war. These themes 

have been dealt with in all the classes with great emphasis. 

Scientists have to invent ways to keep the world clean and 

free from pollution , they must find alternate renewable energy 

sources and investigate and prevent dangerous consequences of 

technology. This usually meant unemployment which was a 

familiar and bitter experience to many of our children. ~ar 

is ~ frightening and recurrent theme too. To the children it 

is absurd that scientists should canalize their energy and 

intelligence into research on deadly weapons. Surely, the 

only logical and human research object would be to solve 

the food problem in the world, thereby helping people to 

survive. 

We almost never experienced any positive attitudes toward 

technological progress. Although some children expressed 

vivid fantasies about beautiful and super-strong motor-cars 

and fanciful household machines, these fantasies mainly 

seemed to belong to a world of science fiction which they 

were somewhat embarrassed to talk about. Interest in space 

research which was expected to be great according to the 

popular stereotype of these years did not turn out to be a very 

common subject either . 
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There seemed to be a great fear of the world being over

taken by computers and robots, while people get more and 

more superfluous, as well as a fear of the impassiveness and 

loss of feelings expected as unavoidable consequences. 

Some pupils would like to know more about why people act 

the way they do. And why they think what they think. which 

are the influencing forces? What significance do war-toys 

and violent films have, for example? 

Thoughts about our common responsibility for the f uture 

stood out i n heavy contrast, however, to the feelings of 

pessimism and powerlessness that the children so often 

expressed. In their eyes there seemed to be a very large gap 

indeed between "those who know and decide everything" and 

the little ordinary human being. They think that they have 

the right to affect their situation and their future, but 

they do not know how and they think they never will. Results 

very similar to ours have been described in other Swedish 

studies as well (Berg & Holm, 1979; BrodQl,.J, 1980; Hartman, 

Petersson & Westling, 1973; Statens ungdomsrad, 1980). 

However, in addition to the problem areas which our 

children gave a high priority for research, they also con

tributed themselves by suggesting solutions to specific 

problems. So I will give this section a positive finish by 

relating some examples: 

- Scientists should find ways to create synthetic ozon, 

which can be shot up into the air and replace the ozon 

layer which is on the way of being dest roye d. (This 

suggestion made a great impression on the vis iting 

scientist. ) 

- Smoke from industries should be made clean by means of a 

special chimney filt er. 

- We should use a lot of turf and wood for energy, therefore 

we should invent a special stuff for the trees to grow 

faster. 

- Metal bars which are made to g low in the hot sun should 

be able to transfer the heat to other places where the 

heat is really needed. Just fancy the Sahara partly filled 

with these glowing metal bars! 

- Und erground housing would be a help in solving prob lems 
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connected with the population explosion and at the same time 

leave more room for agricultural purposes. 

- If we could find a common world-wide language, we would 

understand each other better and the risk of war would 

decrease. 

Some conclusions 

In the discussion to follow I will take what may be called 

an activating future perspective. Basic for me is the wider 

question of how children can be activated to take a respon

sibility for their situation now and in the future. Since 

women so far have been most disadvantaged in influencing 

their conditions (e.g. economically, socially, politically) 

it comes natural that I give girls special attention. In this 

connection I will also primarily stress the technological 

aspects. 

- Our study gave us some information about problem areas 

that are especially important to the children. So we can 

expect questions like these to be fruitful objects for 

treatment in the classes, as starting-paints for discussions 

and information about science in a wider meaning. 

- When discussing different problem areas the children show 

e v idence of cross-disciplinary thinking and they often 

use material from their own experiences, their own reality. 

- The majority of the children seem very aware of their 

situation and their future and more critical and analyzing 

then adults perhap s usually expect. Many times the teachers 

in our study came to us afterwards to tell us how much 

the quality of the children's opinions had astonished 

her / him. 

- Since the developments of science and technology have to 

be evaluated in a long term perspective, the image of the 

future is relevant for the children as well as for all 

of us. We have to ask what kind of future society we 

really want. 

Focussing on the girls 

Boys' and girls' different traditions and experiences also 

affect their image of the future (Dahlgren, 1977; Lindholm, 
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1980). An earlier study carried out within the project " Pre

paredness for the future" indicated for example that more 

boys than girls thought about the technological aspects of 

future and put very little stress on human beings, while the 

girls more oft~n described the everyday social and human 

situation (Jonsson, Persson & Tvingstect, 1979). Pauline 

Barts writes in an article about the traditional sex roles 

and their restricting impact on children's future images 

(1974). Stressing especially the situation for girls, she 

writes: "The repeated false assertion that history was 

essentially a male affair suggests to the unwary that the 

same will hold true of the future . " (P. 38.) This quotation 

brings us closer to the female situation. 

So far masculine values have been the ones that count in 

society. This facilitates boys' and men ' s identification 

with and acceptance of the values upon which technological 

society is built. Female values are desperately needed in 

the reproductive sector at home, outside they really do not 

count. Therefore technology may seem strange and also 

frightening to many a girl. Since she does not feel at ease 

with many aspects of the masculine world the danger is, 

however, that she abandons the idea of having anything to 

do with it at all. It becomes none of her business, she 

cannot change anything anyway. 

By stimulating girls to take an interest in technology, 

however, we try to give them more power to influence their 

future and in a wider sense that of society as well. They 

will find more ways of making personal careers thereby 

using more of their personal capacity. Society will be 

benefitted by intell~ctual and emotional resou:ces which 

up till then have been almost invisib~e. 

How then can we help girls to understanc that the tech

nological development is also their business to a very high 

degree? 

From my perspective I have some suggestions: 

- There has to be a basic recognition among the teachers of 

girls' rightful place in technology. Their experiences must 

be accepted and given the same status as those of boys. An 

open and questioning attitude in the girls has to be en-
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couraged. Girls must feel that they are welcome and needed 

in the field, that they have very important contributions to 

make which have been made invisible too long and - not the 

least important - a great responsibility to shape the future 

society. 

- Turning to the more concrete aspects of school-work, text

books with female models should increase the possibilities 

for girls' identification as well as make boys to get used to 

the sight of \-Iomen in untraditional roles. Formulations of 

problems should appeal to girls' experiences as well as to 

those of boys. 

- There has to be discussions of the consequences of different 

applications of technology in relation to the kind of future 

boys and girls want. Here it is important that boys and girls 

work together - and this must never mean that girls 

always have to carry out the routine tasks while the planning 

is saved for the boys - in order to understand each other's 

frame of reference better. This may imply a problem-oriented 

approach which goes across the traditional discipline 

borders and involves the participation of several teachers 

on the specific problem areas studied. 

Some illustrative examoles of projects 

According to the new Swedish Curriculum plan for the com

pulsory school which is to be completely in use from the 

autumn term of 1982, studies in the natural sciences and 

technology are going to be non-optional through the whole 

obligatory nine-year school. In time this will have conse

quences for our teacher education. The Swedish Board of 

Education has initiated a special project with the aim of 

giving in service primary and middle stage teachers continuing 

education in this respect. Consistent with the Curriculum 

Plan this project recommends a laborative approach which 

also considers the children's own experiences. It is also 

important that the children are stimulated to express their 

observations in many differen t ways, by painting and drawing 
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for example. 

Last term I worked as an educational consultant in a 

science course for children at the University of Lund 1). 10-

12-year old children met investigators at the university, 

listened to presentations of their respective expert fields, 

learnt a little about ongoing research and tried some simple 

experiments. A common observation was that the girls seemed 

at least as interested and ambitious as the boys. Children's 

own questions were encouraged, since the communicative 

aspect of science information was stressed like it was in 

the study first mentioned in this paper. The children had 

note -books, "research books", where they wrote down the 

observations they made. 

The theme for the course was "Get to know your to\vn and 

its surroundings" . The children were introduced to geology 

("The ground below"), to biology ("Plants and trees in our 

town"), architecture ("The houses in our town"), and physics 

("The air above"). The experiences from the course have been 

very positive . Many teachers have asked for a s imilar course 

for themselves . A new course is planned during this school

year . 

Natural and spontaneous contacts between scientists and 

children must be very helpful in breaking down stereotyped 

and even suspicious attitudes toward scientists and research. 

Such contacts may also stimulate the teachers to a greater 

interest in these k inds of activities in their daily class

room work. The model value for girls of contacts with 

female investigators has to be especially pointed out. 

For two years now, special efforts have been made by a 

project group at the High Schoo l of Technology in Lund to 

enroll more gir ls. With financial help from the University 

Commitee for Equality (where I am the permanent secretary) 

a three-day "mini-course" f or girls has been held during 

the spring term. The girls are natural science or technology 

students in the gymnasium and about to choose post - symnasium 

education2 ) . 

l)Initiators to the course were a university professor in 
physics , Bengt Forkman, and his wife, Barbro Forkman . 

2)The project is led by Ms Ragna Ehrenstrahle at the 
High School o f Technology in Lund. 
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Finally I plan a study to investigate which conditions 

are available in a Swedish community to stimulate children's 

interest in science and research . We want to get an idea of 

the children ' s interests and preferences and what resources 

an ordinary community have to meet them . ~hese efforts should 

probably be integrated within the ordinary school curriculum 

as well as the leisure time activities organized by the 

community if the strivings should have long term positive 

effects . 
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I. Introduction. The GASAT problem leads to GASAT Conference-l 

Many people now recognise that girls and young women have a 

disadvantage in education, especially in the physical sciences 

(physics and chemistry) and in technology (engineering and applied 

science). But until recently this was not seen as a problem and 

aroused little public discussion . 

IYhat is the GASAT problem? 

GAS AT = Girls and Science and Technology. 

The extent of the difference in involvement of boys and girls, 

men and women in science and technology studies can be shown by 

statistics. For example in England (where most young people now 

attend comprehensive secondary schools) only 12% of all girls but 

50% of boys study physics after the age of 14 years, and fewer do 

so after 16 years. In the Netherlands, where secondary education 

is sti ll, at present, selected by ability, with 60% of pupils pro

ceeding to some type of general secondary school (vwo = preparation 

for university; havo preparation for higher vocational school; 

mavo = preparation for middle vocational school) the figures are 

as shown in Table 1. 

vwO 

havo 

mavo 

girls 

26 

11 

II 

boys 

61 

45 

50 

Table I. Percentages of girls and boys choosing physics 
for final examination, in the Netherlands, 1979/80. 

When the Science Council of Canada initiated a review of 

science education the investigators found that in many Provinces 

it was not known how many girls were studying science in school, 

so data are now being collected. At university level the figures 

show also that few women are involved in physical sciences and 

technology. In the USA women formed the following percentages of 

those receiving first degrees in 1980: 37% in behavioural sciences, 

38% in life sciences, 18% in physical sciences and 7% in engineer

ing. Women contributed only 5% to undergraduates in engineering 

in the UK in the same year (although this was an improvement of 
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100% over the figure £or 3 years earlier!), while in the Nether

lands women formed 4% of physics students in general universities 

and those in universities of technology only 2%. 

Why should we be concerned about the GASAT problem? 

Science and technology are exerting more and greater 

influence on the lives of men and women in modern society. If 

women are not involved from an early age in these activities they 

develop a sense of alienation from them. This is neither good 

for women's mental health nor good for society, where many 

decisions have to be made in connection with the uses of science 

and technology. In a democratic society women form half of the 

adult population involved in making these decisions and if they 

feel alienated they are not able to make informed and objective 

judgements. But, in addition, many skilled and interesting 

occupations depend on scientific and technical qualifications. 

If we support the principle of equal opportunities for boys and 

girls, women and men, we must ensure that girls are not 

prevented from participating in these through early decisions 

to drop important qualifying subjects such as physics or 

mathematics. 

So we are concerned about the GAS AT problem and wish to 

bring about changes so that more girls and women study and work 

within science and technology. To do this we must understand 

how the differences between males and females in this area come 

about. 

What are the causes of the GAS AT problem? 

Several factors have been suggested as being responsible 

for the lower participation of girls and women in science and 

technology. They will be briefly summarized, and commented on 

here, but more detailed consideration may be found in Chapter 4 

of this book and in Vol. 2 of the GASAT Conference 1981 (which 

contains the papers submitted by the conference participants). 

The question of different abiZities is sometimes raised, 

but a review of sex differences research (Maccoby and Jacklin, 

1974) concluded that the only substantiated differences were 



in verbal abilities, where females have an advantage and in 

spatial abilities, where they suffer a disadvantage. However, 

these mean differences are small and negligible compared with 

the great range of abilities shown within a group of males or 

within a group of females. The remarkable thing is not the 

diffe~enae between male and female abilities, but how simila~ 

they are. So that differences in ability cannot be used to 

account for the GASAT problem. It will appear that the contri~ 

butors to the GASAT Conference assume that the caus~ of the 

problem is soaiologiaal, that the girls make different choices 

from those of the boys because they receive many mes-s-ages- that 

they should be different. 

In society as a whole the roles of men and women have 

been different and separate; men do a job outside the home, 

often involving technology-, and women stay- at home, caring for 

children. AlthoDgh this may be changing, messages about their 

appropriate roles are s-trongly transmitted to girls and boys. 

This is done through the toys they are given (boys get cars, 

trains and constructional toys and never a doll, unless it is 

'Action Man', while girls get dolls, miniature kitch.en equipment 

etc.), through the books they read (where mother s-tays- at home 

and father goes- to work, Janet helps mother in the kitchen and 

John helps father with the car, or painting the hous-e) and 

through the magazines they- read or the television programmes 

they watch. 

They quickly absorb and internalize these roles, boys-

seeing themselves as masculine and girls as feminine. Some of the 

characteristics which surveys have shown as ascribed to TIales 

and females are shown in Table 2. 

male female 
active passive 

competitive cooperative 

commanding submissive 

adventurous cautious 

aggress-i ve peaceful 

technical verbal 

rational emotional 

logical sensitive 

Table 2. Some so-called male and female characteristics. 

9 
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The practice of science and technology is seen to require 

many more 'male' characteristics than female and so boys choose 

physical science and technology far more often than girls do. 

The messages are also reinforced in schools. Observations 

have shown that teachers treat girls differently from boys. 

They assume that girls have 'feminine' characteristics, and that 

it is quite in order for these differences to exist. So they 

make fewer achievement demands on girls than on boys, especially 

in science, technology and mathematics. 

Science is actually presented as a male activity in the 

textbooks that pupils use. Several studies of this phenomenon 

have been carried out (in England, Norway and the Netherlands, 

for example) and efforts are being made to change this by including 

examples of women working in technical activities and using 

language which shows clearly that girls as well as boys are ex

pected to be participating in the study of this subject. 

It seems that many girls are not aware of the changing 

patterns of women's employment. In the USA and the UK women formed 

40% of the work force in 1980; the number of married women who 

work is increasing (67% in the UK in 1980) for a variety of reasons. 

Nor are girls aware of how essential it is to have studied 

physics or chemistry to enter some occupations and so they are 

disappointed to find they do not possess the required qualifi

cations to enter such fields as medicine, agriculture, pharmacy 

and so on. The education system is failing in not encouraging 

girls to look at realistic life patterns for women. 

The factors mentioned above are only some of those which 

strongly discourage girls and women from participating in science 

and technology. The CASAT Conference brought together some of 

the people who are working to change this. 

How the idea of the CASAT Conference arose 

It is rather difficult to give a short description of the way 

the idea of the first CASAT Conference (CASAT = Cirls And Science 

And Technology) came about, to know where to start, what to mention 

and what to leave out. However, we will try to give some idea of 

how it all began. 



In the Netherlands, in December 1979, at the annual 

conference of physics teachers, it was suggested that 'girls and 

physics' should be the topic of the next conference. The parti

cipants in 1979 at first thought the suggestion was just a joke, 

not even worth considering. But, as the meeting progressed, the 

idea was taken more seriously and finally a number of the 

teachers accepted that it was an issue and should, at least, be 

discussed. The Woudschoten-conference, 1980, did not concentrate 

On One subject, as usual, but included several. One of them was 

the problem of girls and their disadvantage in the teaching and 

learning of pbysics. 

The spring of 1980 saw the start of the HANDROVER-project. 

This set out to study sex-stereotyping in textbooks and to 

write guidelines for better books. Ilja Mottier, responsible 

for the project, decided to begin with three special subjects: 

modern languages, history and phys·ics. It was planned to 

demonstrate the extent of stereotyping by sex in each of these 

fields and to develop guidelines with two components: general 

recommendations relevant to any· textbook and those specific to 

individual subj ects (modern languages, phys·ics and his tory, 

in the first instance). 

Towards the end of 1980 Ilja Mottier and Jan Raat collabor

ated to write a report des~ribing the situation of girls' 

education in physics. This was entitled 'Marie, word wijzer 

van natuurkunde' (in English: Mary·, get wise ... by physics) 

and was used at the conference of physics teachers in December 

]980. Subsequently, a project, 'MEisjes, Natuurkunde en Techniek' 

(MENT) (in English: Girls, Physics and Technology) was set up 

under the direction of Jan Raat at Eindhoven University of 

Technology. 

In England, the problem had been identified a little earlier. 

Jan Harding organized a conference, 'Girls and Science Education -

Cause for Concern?' in March 1975 at Chelsea College, London. 

She then coordinated two symposia (J977 and 198]1 on the subject 
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at Annual Meetings of the Association for Science Education (ASE) 

and chaired the sub-committee, 'Girls and Physical Science' (GaPS), 

of the Association. A major project, 'Girls into Science and 

Technology' (GIST) had been funded in Manchester with Alison 
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Kelly and Judith Whyte by the Equal Opportunities Commission 

(EOC) and the Social Science Research Council (SSRC). The 

Engineering Industry Training Board (EITB) supported an 

initiative of Geoff Chivers at Loughborough University on 

girls into Engineering (this later extended to 9 other uni

versities) and British Petroleum (BP) had funded a fellow-

ship at Chelsea College in 'Girls and Technology Education' 

(GATE). Several visitors from overseas, passing through London, 

called at Chelsea College to discuss the problems surrounding 

girls and science and technology. Among these were Jan Raat 

(Holland), Svein Lie (Norway) and others from France, Canada, 

the USA and Australia. 

Then, early in 1981, Mottier, Raat and Harding met for the 

second time. We three discussed the work we were developing 

and shared information from our meetings with others . It seemed 

that everywhere the problem was becoming visible and many ini

tiatives were being taken to try to solve it. The idea arose 

to have an international conference so that all those women 

and men working in projects about girls and science and techno

logy (= GASAT) could meet together, share at first hand their 

experiences and learn from each other. We agreed to think it 

over and look for possible ways of bringing such a conference 

about. 

A few weeks later negotiations in Holland had resulted in 

the promise of a grant from the Dutch Department of Education 

to finance a small conference of 30 people (including 20 from 

countries outside the Netherlands) and the locating of the host 

institution: the Technische Hogeschool Eindhoven (THE), where 

Jan Raat is professor of Physics Education. 

Mottier, Raat and Harding formed a programme-invitation 

committee, while personnel from the THE Physics Education 

Department formed a preparatory committee to meet all the 

organisational requirements for a conference in the autumn of 

1981. 

As time was short, direct invitations were sent to those 

people, working in the field, who were known to the programme 

committee. In the USA recipients of 1981/ 2 National Science 



Foundation awards for projects aiming to support women into 

science were contacted. Eventually papers from twenty-one 

participants were received and circulated well before the 

opening of the conference. These papers may be found in full 

in GASAT Conference, 1981. Contributions (VoZ.2), while a 

brief report of the proceedings of the conference is contained 

in GASAT Conference, 1981. Proceedings (VoZ.1). 

In this text we try to give more of an overview of the 

GASAT problem and how we might solve it, but draw on the 

experience of the GASAT Conference to do so. 

The opening address of the Conference was given by 

Ms.ir. Bernardijn ten Zeldam, the Deputy secretary-general of 

the Dutch Ministry of Education. This forms chapter 2 and in 

it the reasons for our concern are clearly expressed. 

It will be apparent that in the various countries repre

sented at the conference different aspects of the problem 

become the focus of attention. This is partly arising from the 

different organisations of the education system in these 

countries, but also because people respond to opportunities for 

funding and research which are presented. For this reason we 

discuss 'Backgrounds and Emphases' in Chapter 3. 

Chapter 4 contains summaries of the papers presented at 

the conference, in which initiatives taken in eight countries: 

The Netherlands, England and Wales, Sweden, Norway, W.-Germany, 

Portugal, the USA and Canada are described. 

A survey of the deliberations of the Conference can be 

found in Chapter 5. After an introductory plenary session it 

was decided to divide into three separate working groups each 

discussing one of the following: teacher education, support for 

girls and women, and curriculum and teaching materials. 

These groups reported to plenary sessions towards the end of the 

conference, after which recommendations were discussed and 

formulated. These latter recommendations form the basis for 

Chapter 6, 'Future directions'. 

At the end of the book (Chapter 7) a bibliography is 

included. Most of the items in it have been taken from the papers 

of the participants. 
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By this publication: 'Girls and Science and Technology', 

we hope to give a good idea of the shared experience of the 

GASAT Conference. The format of the book was agreed by the 

participants of GASAT Conference I. We call it GASAT-I, for 

at the end of the 1981 conference one of the major recommend 

ations made was to hold GASAT Conference 2 in Mayor June, 

1983. The problem is an international one, it will not 

easily be solved and we need the support and inspiration of 

all who have a common concern to improve matters . 

lfuo do we hope will read this book? 

We have in mind all those with an interest in the things we 

have discussed, but especially those working at any level 

within education: men and women teachers in schools, student 

teachers and those involved in training them, young people and 

their parents, tutors in higher education, employers of young 

people and those with job training responsibility, examination 

boards and publishers, researchers, local education committees 

and governing bodies of schools and, not least, politicians 

and policy makers . 

By this publication we hope to contribute to the process 

of removing the barriers which presently alienate women and 

girls from science and technology . We hope to create a climate 

in which they may participate in these fields at least as fully 

as do men and boys, contributing to our understanding of the 

natural world and to the shaping and control of the environment. 



2. Opening address 

Bernardijn ten Zeldam 

You are here at the start of a GASAT conference about girls 

and women and science and technology. Its intention is to discuss 

the problems girls may meet in these fields and to compare the 

solutions you try to find in different countries. 

I think this is a very good idea. Because there are some 

problems indeed. Also in the Netherlands. This will become clear 

when I tell you something about the Dutch educational situation. 

From age six to twelve all children go together to the same type 
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of primary school (except for some who follow a special education). 

For secondary education there is not yet a comprehensive system. 

Most of the schools for general education are separated off from 

schools for vocational education. And vocational education 

includes schools for technical education, for domestic education, 

for agricultural education, for nautical education, and the like. 

I need not explain that most of the population of technical 

schools consists of boys whereas the girls attend schools for 

domestic education. This situation makes those schools very 

sex-segregated: at an early stage the career options for both 

girls and boys are limited. We see equal numbers of girls and boys 

entering schools for general education at the age of twelve; there 

are even slightly more girls who do so. 

So it seems as if problems will not arise in these schools. 

But what happens is - and I know that in many of the countries 

you come from the same thing occurs - that when it comes to sub

ject choice the boys · turn to mathematics and science and the girls 

to languages and social science. We even have a word to characterize 

the girls' options: girls take "pleasure packages", options which 

assure a pleasant stay in school but do not prepare for the real, 

serious things in life. Just let me give you one or two example s . 

The pre-university school: In the classical stream the 

students have to take seven subjects for their final examination: 

mother tongue, one classical language, one modern foreign language, 

the other four are free options. 
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In 1977 90% of the boys took mathematics, 66% of the girls 

did so. For physics the difference is even greater: 64% of the 

boys and only 31% of the girls took this subject. 

In the non-classical stream (mother tongue, one modern 

foreign language and five free options), the percentages are: 

mathematics 79% of the boys, 55% of the girls. Physics 58% of the 

boys, 24% of the girls. 

But now look at the languages: 

French in the classical stream: 23% of the boys, 52% of the 

girls, German 32% of the boys, 45% of the girls. 

In the non-classical stream 24% of the boys did French, 

60% of the girls. For German the percentages are: 48% boys, 

73% girls. (Almost all students study English too). 

I hope that these statistics make clear why this conference 

is going to deal with: "science, especially physics, and 

technology". Of all the science subjects, physics appears to 

form the greatest barrier for girls (the rank order is: biology -

chemistry - physics). And the educational structure which often 

separates schools for technical education from schools for 

domestic education makes that only a very small number of girls 

will become oriented towards technical education. 

In the universities 4% of the students of physics are girls. 

In the universities of technology only 2% of the students of 

physics are female. 

Now that I have sketched the Dutch situation - and the 

situation in many Western countries is similar - let me raise 

three questions. The first is: why are girls so underrepresented 

in science (the same accounts for technology, but I won't 

repeat this every time). The second: why do we want to change 

this situation. The third: if so, what must we do in order to 

bring about that change. 

I raised three questions. It's the second one I will 

concentrate upon. 

I do not deal with the first question in great detail: 

why are girls so underrepresented in science. A lot of theories 

have been developed in order to explain this phenomenon. 

Biological, psychological, sociological theories. I do not 



elaborate them here for two reasons. 

I think that most of you know them very well. You are 

engaged in projects concerning girls and science or you are 

preparing them. You will have been puzzled by the same 

question: why? and you will have been searching - maybe -

for definite answers. 

But you may not have found them. 

At least, that is what I suppose. For there are no 

definite answers . There are elements of truth in every theory. 

The second question is: why do we want to change the 

situation. There are several reasons. They are valid for all 

countries, but I think the weight of the arguments may vary 

according to the country concerned. One argument has to do with 

the labour market. When industrial innovation is lagging behind 

because of a shortage of technically qualified personnel, when 

a country has to be built up and every woman and every man is 

needed, when there is a shortage of physics teachers .... then

and only then - we feel the need to train both girls and boys 

in technical and scientific subjects. This is what I call the 

macro-approach. The arguments are found in needs at the national 

level. 

The other argument has to do with educational equity. 

Many interesting jobs require a technical or scientific training. 

Many schools for higher education ask for a previous science 

study; medicine for example. If we do not make sure that as many 

girls as boys study those subjects, we continue the situation 

that girls are given less educational opportunities. 

I would like to call this the meso-level: the flaws of 

the educational system. 

The third argument regards the girls themselves. This is 

what I call the micro-level. In the curriculum, we try to 

educate pupils in all areas of human life: language -

communication - arts - science - crafts - sports. We want to 

enable students to develop their full potential. As long as we 

fail systematically in offering this wide range of options to 

girls, they are at a disadvantage and they are not given the 
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opportunity to experience the s c ientific way of thinking, 

of reasoning. 

Here I think any policy maker, re searcher or teacher 

is able to find reaSOns to change the present situation. 

This brings me to my third major question: how can we 

effect change. Again, I cannot answer the question. 

This will be your task. You have assembled here in 

order to exchange experiences. To explain what you have done, 

what has been successful and what not. I assume that at the 

end of thi.s conference you will not have found the final 

answer: this is how to get all the girls into science 

education! I am afraid that there is no final answer . There 

are strategies and they may vary according to one's objec tive. 

Let me give you an example. If you ar e greatly interested in 

the labour market argument, you may find a quota system quite 

attractive. And if you are more interested in the development 

of the full potential of the individual girl, you may want to 

look at the contents of the curriculum. 

After these general considerations concerning the spec ific 

theme of this GASAT conference, I should like to give you some 

information about the Dutch policy on educational opportunities 

for girls and boys. 

In 1979 the Netherlands were the host country for the 

eleventh session of the Standing conferenc e of European 

ministers of education, which dealt with "education and 

equali ty of opportunity for gi rls and women". Chairperson of 

that conference was the Dutch minister of education. 

Not only in that conference, but al s o in his own department, 

minister Pais showed to be very involved in promoting education

al opportunities for girls. He i nspired a lot of projects that 

could start at different levels. With "a lot" I mean: almo s t 

a hundred.were started or planned in 1979, when the Minister of 

Education published his "Sketch of a policy for emanc ipation 

in education and research". 



Last summer elections were held and minister Van Kemenade 

succeeded minister Pais. He wants to continue the policy the 

former minister started, since he was more or less its origin

ator. 

Mr. Van Kemenade was minister of education before, and it 

was he who proposed "educational opportunities for girls" as 

a theme for the 1979 conference. 

Most of the projects of the "Sketch" are now being 

executed and we find ourselves at quite a crucial moment: are 

the planned projects the right ones, will they work. What will 

be the effect of these plans? What barriers do we meet. What 

are the resistances. 

Let me give you an example by mentioning some of the 

projects that are related to the topic you will be discussing 

this week. 

One project aims at facilitating the entrance of girls 

in traditionally male professions by stimulating their 

participation in non-traditional apprenticeshjps. For example: 

the training for electrician, cabinet-maker, plumber, fitter, 

painter. 

The problems girls meet are of various nature: they may 

feel lost at school, being the only girls among many boys; 

their previous schooling may have been insufficient; the 

employers may not be willing to engage girls .•.... 

For all these obstacles solutions have been sought. 

In this project, the girls receive theoretical jnstruction 

together in a girls' group. For the practical part of the 

training a number of girls will be placed in a concern together. 

In order to fill the gaps in the previous schooling of girls 

they receive extra courses, for example in science (remember 

what I told you at the beginning of this speech about the 

separation of technical and domestic education). Schools 

receive extra facilities in order to support the girls. And 

employers can get a special allowance from the Ministry of 

Social Affairs as an encouragement to employ girls. 

This is the policy measure . Now how does the project work? 
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We can't say all our aims met immediate success. Many 

barriers have to be overcome by girls individually. 

Not as many girls as we hoped do participate in the 

experiment. It is not always possible to place girls together: 

for much work is done in small teams, painting for example. 

Daily-life technical experience turns out to be far less 

developed in girls than in boys. At the start of the courses 

many girls don't know how to handle a screwdriver, whereas 

this seldom is a problem for bOys. Girls need extra schooling, 

especially in mathematics. As you see, a lot of problems. 

Yet, we aren't discouraged. Within the schools we see an 

increase of awareness about girls' problems. Schools learn 

to know the special situation of girls. 

I think those of you who were involved in training 

programmes for women may have acquired similar experiences. 

But our main problem is to find working places for 

the girls. Since youth unemployment is still rising, apprentice

ships are difficult to find for both girls and boys. 

Another measure in order to bring girls closer to 

technical education is the breaking down of barriers between 

schools for technical and schools for domestic education and 

to fuse them into one school for vocational education. 

However, where this has happened, non-traditional 

choices don't yet occur often. Especially boys who take the 

so-called "female" subjects are rare. This seems quite under

standable, when we consider the difference in values society 

attributes to female and male occupations. Yet, it is a matter 

of concern, because we should not concentrate solely on 

bringing girls into the male fields. For a more equal 

distribution of opportunities we should have both girls and 

boys participa te in what we use to consider as "female" and 

"male" activities, without previous segregation by sex. 

Even if most of our projects are only half on their way, 

we gain experience which I would like to s hare with you. 

One is that one can work on educational opportunities 

at several levels. Most of you may be researchers, working in 

close cooperation with teachers on actions with a direct effect 

in the classroom. This school-focused approach is very useful, 



especially for the topic concerned where so much depends 

on the attitude of the individual teacher. 

However, being a policy maker, I should like to 

stress another experience, and that is the importance of a 

stimulating force by the ministry. I have already mentioned 

the great concern minister Pais had about bringing educational 

opportunities for girls and boys at the same level. 

The fact that the ministry of education was so actively in

volved in this has been an enormous stimulus for many people. 

Many initiatives have be en taken. T-eachers and organisations 

came to the ministry and asked for support, which they 

received. Also SOme educational work had to be done within 

the ministry itself, for at first not all policy makers were 

aware of the problems or willing to cooperate. 

Now a network has been built in order to ensure that 

all measures taken are fitting in the general policy of 

equal educational opportunity. 

To give an example: in future years the Open University 

will start in this country, distance education at the highest 

level. This university is expected to receive many female 

students. A decision had to be taken about the departments 

the university has to start with. The minister decided that 

there should be a science department in any case. His motivation 

was that many women would take this opportunity of adult 

education to fill in educational gaps. 

Especially for women it is very important to get the 

opportunity to study subjects which give direct possibilities 

to enter careers with a real perspective instead of being 

confined again to the traditionally more "female" social 

sciences. This is not to say that studying social science 

does not offer a career perspective. It is the lack of real 

choice that is the problem. 

It happens now more frequently that women ask for 

addition to their former education when they were young girls. 

In future, more women will ask for a vocational training 

after a period of homemaking. It is important for women that 

they get the opportunity to enter or to re-enter the labour 

force. 
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Concerning the education of girls, a change of attitude 

has to take place anywhere and everywhere, in the minds of 

the pupils, of the teachers, of society. An attitude that 

finds it only natural that women get a valid education and 

exercise a real profession anyhow. And not receive education 

"just in case" (where 'case' mostly is a divorce nowadays). 

Or in order to be able to understand their husbands better 

or to help their children with their homework. 

Everywhere we see men in important careers and at the 

decision making places. It is time women prepare themselves 

to take their part of the decision power as well. Since a 

man's words still have more scientific weight than a woman's, 

it might be a good thing to quote a man now. But, in t his 

conference, there might be some persons who are not quite 

unwilling to hear the opinion of a woman. It is therefore that 

I should like to quote a woman who was at the origin of the 

second feminist movement in the Netherlands, Joke Smit. 

Her untimely death 19 September 19BI was a great loss 

for all of us. 

In her opinion the most important thing for women is to 

change their own position, to fight for real power. As long 

as women don't have any power, actions for other political 

topics, like the fight for a healthy environment or against 

nuclear weapons are a waste of energy. The ultimate goal of 

feminism, she said, is redistribution of power, not for the 

mere power, but because power decides how reality is seen, 

not only through the eyes of the powerful, but also through 

the eyes of the powerless. 

The aim of our education should be to change the 

attitudes of women and men concerning the traditional sex 

roles. This is a long term objective . Teaching science and 

technology to girls can be a step forward in that direction. 

And that is why we should teach girls science and technology; 

in order to enable them to take up their part of the 

decision places in this society. 



3. Background and Emphases 

As the partic ipants came together for the first GASAT 

Conference, they were most conscious, perhaps, of what they 

had in commOn: a concern for the education of girls and women 

in science and technology. Their papers show a consciousness 

of the complexity of the problem, embedded, as it is, in the 

very fabric of society and in the identity of individuals. 

But they had chosen different aspects of the problem to study 

or within which to work towards c~ange. As they prepared to 

share their several experiences of a common problem, they were 

urged to recognize the differences between them. These may 

arise from each person's unique perception of the problem, or 

from working within a different educational structure, or from 

a particular opportunity for development that has been seized. 
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There are, perhaps, three pressure groups that have contributed 

towards raising consciousness of the GASAT issues. The first may 

be called the 'shortage syndrome', for it is related to a 

shortage of skilled personnel (usually referred to as a manpower 

problem). If such a shortage is identified in any industrial 

or technological field, then governments, industrialists and 

professional bodies will turn to women as an 'untapped pool of 

ability'. Here the concern is for the job to be done and not 

for the women themselves. It is recognized, however, that at 

least some of the women 'out there' will be able to do the job 

effectively. This is an important pressure group, nevertheless, 

for it may command resources for research and development, but 

this is likely to be transient and support will be withdrawn if, 

and when, the shortage is made good. The drive to attract more 

women into engineering in the U.K. is an example of such a pressure. 

The second pressure group is formed of science educators. 

Among these may be found some who look to girls and women merely 

to sustain numbers or to raise the level of achievement in their 

classes, but, in general, this group recognizes that science and 

technology are human endeavours and, as such, form a heritage 

for all children. To operate within these fields (rather than just 
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learning about them) contributes powerfully to the development 

of young people. Competence in science and technology opens 

job opportunities in many fields and an understanding of them 

is an essential preparation for citizens of democratic, techno

logically-based societies. The concern of this group of educators 

is for all children, and girls are seen as deprived if, for any 

reason, they do not participate as fully as do boys in science 

education. The power of the science educators lies in whatever 

influence they have over the science curriculum (and this may 

vary from one educational system to another) and in their 

participation in science teacher education. They may find 

support from governments or from research funding agencies of 

various kinds. 

Finally, a strong and increasing pressure derives from 

the women's movement. This has, perhaps, achieved most so far 

in the United States, where legislation has been more effective 

than, say, in the United Kingdom, but many Eu"ropean nations 

are now committed to equality of opportunity for men and women. 

But, with or without the support of official statements, legis

lation and funding, individuals and groups of women are active 

in consciousness-raising and in developing strategies to bring 

about effective equality for women in power, status, personal 

development and responsibility within their own society. 

This pressure group may focus, at times, on the achievement of 

able women, for they will act as role models for others, but 

concern is for the development of all girls and women. The 

importance of the group goes without saying, for unless women 

themselves desire change, it will not come about. 

Each of the participants will be located somewhere within 

these pressure groups, or will have seized opportunities of 

support from them, which will have influenced the perspective 

of research undertaken or the direction of development work. 

On the other hand, the education systems in which each 

participant works, may provide different problem areas and cause 

them to concen trate on one aspect rather than another. If experiences 

were to be shared effectively, it was necessary to recognize these 



differences. It was suggested that this might sharpen perception 

of the problem and open up other possible ways of working. 

At the Conference the participants gave a brief outline 

of the structure of the education system in their own country. 

This is expanded in the following notes, which also refer to 

the place of the sciences and technology within the school 

system. 

Schooling in Countries Represented at the CASAT Conference 

3 (i) The Netherlands 

Compulsory Education starts from 1 August of the year in 

which a child reaches the age of 6 years 8 months and lasts 

10 years. Any young person not continuing in full-time education 

after that must attend an educational or training institution 

for two days a week for the next year. 

Although nursery schooling is not compulsory, most four

and five-year olds attend nursery school for at least part of 

the day during the week. 

After six years in primary school children transfer to 

secondary education. 

Forty percent proceed to a vocational school, the rest to 

some form of general education school. There are three types 

of course in the latter: junior general secondary (mavo), 

lasting four years, senior general secondary (havo), lasting 

five years, and pre-university (vwo), a six- year course. 

Admissions to type of school are governed largely by assessment 

of the knowledge and intelligence displayed by pupils in their 

last years at primary school. Recent developments include the 

regarding of the first year of secondary education as 'the 

transitional class', which facilitates progression to the 

second year of more than One type of school, and the creating 

of single schools providing more than One type of course. 

Voaational sahools offer a general education, containing 

some natural science, for two years and concentrate on one or 

more technical or vocational courses for the last two years. 

These courses may be general technical, leading to apprentice-
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ships in industry, home economics courses, agricultural courses, 

tradespeople's courses and commercial courses. Many of these are, 

at present, strongly sex stereotyped. 

In general secondary schools biology, physics and chemistry 

are taught separately. The numbers of weekly lessons in the 

first three years of mavo, havo and vwo are given in table 3. 

1st year 

2nd year 

3rd year 

biology 

2 

2 

physics 

2 

3 

chemistry 

2 

Table 3. The average number of weekly periods in the 
first three years of mavo, havo and vwo . 

In the last years of these schools students have to make 

a choice. They can have no, one, two or all three of the 

subjects biology, physics, chemistry, up to the final examin

ation. 

Science plays rather an important role for following 

studies. More than 50% of prof essional studies require to have 

had physics to the end of mavo, havo, vwo schools. 

As has been shown in table I (chapter I) far more boys 

than girls choose physics for their final examination. As a 

consequence girls then can only make rather a limited choice 

in following studies. 

Technology has no place, at present, in general secondary 

education - apart from rather small descriptions of applications 

of science -. Technical education, related to specific employ

ment areas, is provided in the vocational schools only. 

3 (ii) England and Wales 

(NB Scotland and Northern Ireland have separate educational 

systems.) 

The responsibility for education in England and Wales 

rests, largely, with Local Education Authorities. They provide 



schools, Further Education Colleges and support Polytechnics, 

and in this are assisted by a 'rate-support' grant from the 

GoverQ~ent. The University System is separately organized. 

Compulsory Education extends from 5 to 16 years . Some 

authorities provide nursery schools for children between the 

ages of 4 and 5, but this occurs infrequently at present. 

The years 5-11 constitute 'primary' education . This takes 

place in co-educational comprehensive schools, but considerable 

variation in organization may be found including middle schools 

(8-12 or 9-13 years). Classes are taught by general teachers, 

most of whom will have developed a ' special subject' during 

teacher education. This is rarely a science subject and, in 

the recent "Primary Survey' Report, Her Majesty's Inspectors 

expressed considerable disquiet about the inadequate experience 

primary school children are receiving in science and technology. 

Most children proceed to comprehensive schools at 11+ (or 

later from middle schools), where general education is offered . 

The schools are largely co-educational, although some 

authorities retain a few single-sex schools, often in response 

to parental demand. Science (most commonly in some combined 
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form) is almost invariably part of the curriculum for all ch ildren 

in the first two years of secondary education. In the third year 

the separate sciences are often presented instead and, in this 

year, pupils are usually required to choose a 'package' of 

subjects for study in years 4 and 5. Many of these will be 

presented for public examination at 16+, either for GCE '0' level 

(for most academic pupils) or for the Certificate of Secondary 

Education, CSE, (which was intended for use with the top 60% of 

the ability range, but used for a wider range).English language 

and mathematics are usually compulsory subjects for study, but 

the three separate sciences are in competition with each other 

and with other forms of integrated or applied science in the 

options available. 

One outcome is that only about 12% of all girls but 50% of 

all boys study physics after the age of 14 years. A subject 

called Design and Technology, based on workshops, is part of the 

secondary curriculum. It is increasingly becoming open to girls 

in years 1-3. 
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Education for 16-19 years is currently under debate. For 

some this is available in the 'Sixth Form' in schools, which 

traditionally offered two-year academic courses leading, since 

1951, to GCE 'A' level examinations. Alternative, one-year 

courses are now being developed for less academic pupils. Some 

LEA's provide separate Sixth Form or Tertiary Colleges, and 

'A' level courses are available in Further Education Colleges 

for those over the age of 16 years. 

Entry to degree courses requires passes in at least two 

'A' level subjects. As entry is competitive, some prestigious 

courses demand high grades. 

3 (iii) Sweden 

A new Curriculum Handbook is being introduced in the 

schools and will be completely in use from the autumn term of 

1982. 

There are nine years of compulsory schooling (ages 7-16) 

consisting of three stages: the low, the middle and the upper 

stage (3 years each). The natural sciences and technology must 

be taught to all children all through the compulsory school. 

There are practical, vocationally orientated courses of 

ten week duration covering areas such as engineering and health 

care. Both boys and girls work within 'non-traditional' craft 

areas (e.g. with metal, wood and textiles). 

A new element in the curriculum is 'free activities' in 

which the school, teachers, parents and children collaborate 

1n choosing what to study. 

In the upper stage the pupils have a choice between a 

"general course lt in mathematics and an "advanced course". 

After the compulsory school, the pupils choose either to 

start working or go to the "gymnasium-school", which includes 

theoretically as well as vocationally oriented streams. 

3 (iv) Norway 

The Norwegian school system is divided in two levels, 

governed by two laws: 
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1. From 1959 a mixed, comprehensive school for the age 

range 7-16 was compulsory. A common curriculum is centrally 

prescribed, both in terms of numbers of lessons for each subject 

as well as contents to be covered. Science is taught as a separate 

subject in the last three years. This is 'integrated' science, 

but it is often composed of easily defined separate parts of 

physics, chemistry and biology. 

2. From 1975 a three-year school for the age range 16-19 

was established; in principle this is open for all pupils. 50% of 

the population take the 'general' (i.e. theoretical) direction. 

The first year is common, and includes integrated science. The 

last two years are more specialized (humanities, social science, 

natural science) although the common core is substantial. 

Most university courses are open to students who have 

completed the academic course, but some prestigious courses 

are closed, and they all require physics specialization from 

school. 

For both levels there is one national curriculum, 

centrally controlled. Textbooks must be recognized by the Ministry 

of Church and Education. 

3 (v) Federal Republic of Germany 

In West Germany education is the responsibility of each 

State of the Federal Republic. Optional kindergartens are often 

available for children aged 3-5 years, but primary education is 

compulsory for ages 6-10 years. Some natural science is included 

in the curriculum at this stage. Their performance in primary 

school determines which of three types of secondary school the 

children will then attend. The Hauptschule, a five-year school, 

offers vocational courses; the Mittelschule, a six-year school, 

provides 'secondary level l' courses; the Gymnasium is a nine

year school, with an academic emphasis, offering 'level l' and 

'level 2' courses. The first two years of these schools are 

regarded as 'orientation' and movement is possible from one to 

the other. 

In level 1 courses all pupils study science. The point at 

which the sciences are presented as separate subjects varies 

from state to state. In some it is compulsory to choose one science, 
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in others pupils must choose two. The last chance to take up 

the study of physics is in the first semester of the eleventh 

grade (age 17), when pupils choose subjects for university ad

mission. In the secondary level 2 courses (16-19) physics is 

the least popular of the sciences . "High performance' physics 

is studied on average by 30% of students and in one state 75% 

avoid physics. Only 10% of university physics students are women. 

3 (vi) Portugal 

In Portugal, coeducation was established in 1972 by a 

governmental decree. Children begin~chool at six years and 

follow a six grade primary curriculum which contains some 

natural science. When the sixth grade has been successfully 

completed families have the choice whether or not their children 

continue into secondary education. In the past separate technical/ 

vocational and general education (academic) schools were avail

able. Since 1978, a comprehensive secondary school has been 

established, with a unified curriculum for three years. After 

this, pupils may seek unskilled employment or continue for a 

further two years studying within one of -five options. These are 

'natural sciences and mathematics' (25% girls), 'Scientific and 

Technological' (5% girls), 'Economics and Social Studies' (59% 

girls), Visual Arts (44% girls) and 'Humanities' (67% girls). 

The twelfth grade is used largely for university with 95% 

general education courses and only 5% vocational. 

3 (vii) Canada 

In Canada, education is in the hands of the Provinces. 

Schools are almost entirely co-educational and twelve years of 

schooling are generally provided. Elementary schools offer a 

unified curriculum to grade 8. In the last two years some 

specialist teaching may be available in the sciences. 'Industrial 

arts' and 'family studies' involve both boys and girls. 

High schools are organized with three streams: academic, 

technical and commercial. The last is the most limiting, including 

little science, and is chosen frequently by girls. Science is often 

offered as integrated, environmental or earth science and students 

may graduate from high school with only one semester work in science. 



Physics as such is available in grade II of an advanced 

programme leading to university entrance, chemistry is offered 

in grade 12 and courses at grade 13 containing all three separ

ate sciences may be available in some Provinces. 

3 (viii) United States of America 

In the U.S. education is the responsibility of the separate 

states. A common pattern is for a state to offer kindergarten 

education, followed by a six-grade curriculum in primary or 

elementary schools. Nature study and/or introductory physical 

science usually occupy one block of time in the day's programme, 

but elementary teachers do not have a strong background in the 

physical sciences. 

Grades 7 to 9 are available in junior high schools (although 

some states provide a two grade 'middle school'). One period per 

day (50 min.) is usually devoted to general science, which 

includes astronomy, biology, chemistry, geology and physics. 

Many high school teachers have only limited science in their 

training. 

Grades 10-12 (or 9-12) form the curriculum of secondary or 

senior high schools. States make individual decisions about the 

length of compulsory schooling. Sixteen years is a common 

leaving age, but some require 18 years or a high school diploma. 

The completion of one course in science is the minimum require

ment for the four years leading to a diploma; mathematics 

requirements are variable. The science course may be any labor

atory science (biology, chemistry, physics, geology/earth science, 

environmental science, marine science, etc.). Most students, 

unless specialising in science, will choose a life science. 

Providing a student has a strong mathematical background 

he or she may begin the study of physics at the age of 18 in a 

two-year community college, or even at a university. 
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4. Initiatives Taken to Resolve the GASAT Problem 

Reported by Participants to the Conference I) 

4(i) Initiatives in the Netherlands 

Early in 1979 the Dutch Minister of Education in office 

at that time prepared a policy statement "Sketch of a policy 

for emancipation in education and research" which gave rise to 

over one hundred projects directed to improving equality of 

opportunity for women. In connection with this policy the 

Advisory Group for Teaching Materials was requested 'to con

struct guidelines which can be used by teachers to test teaching 

materials on their emancipation aspects and which authors and 

editors of textbooks can apply in writing and illustrating new 

material or in preparing reprints'. 

In the HANDROVER project, set up in response to this 

request, Mottier has chosen to work in three areas: language, 

history and physics. The work in physics is being undertaken in 

collaboration with the MENT project (see later). Physics books 

have been examined to see if they form a negative factor for 

girls and to see how they may be improved. It was found that 

in the average Dutch physics textbook women are scarcely 

mentioned and if they are, they are represented in traditional 

female occupations or attitudes and not in scientific or 

professional roles outside the horne. British studies (Taylor, 

1979 and Walford, 1980) have found similar situations. Dumont 

(MENT project) also found that phys ics books contained little 

practical application of physics, although it is frequently 

claimed that textbooks would be improved by including more 

practical life situations, and that girls are more interested 

in applications of science. 

In preparing guidelines it was decided that two kinds 

were appropriate: general ones referring to text and 

illustrations and ones sp ecific to the subject content, in 

this case, physics. General guidelines recommend that illustrat

ions must show per sons, not only abstract images; they must 

show women and men in equal numbers and show both women and men 

in professional and in private, domestic situations. They 

I) See Contributions GASAT Conference 1981 (vol. 2), 
containing the full text of the conference-papers. 



must not systematically depict women and men in sex

stereotyped positions (women:nurturing, passive; men: advent

urous, active). 

The same kind of statements may be made for the text so 

that the language in the text must not suggest that women are 

excluded. 

In the actual state of research it is rather difficult 

to give guide lines specifica lly for physics textbooks; yet an 

attempt has to be made. It is suggested that physics is related 

to human interests and concerns and that the positive social 

implications of science are discussed. 

The MENT project (TH Eindhoven) has been set up to reduce 

the disadvantage girls and young women have in the teaching 

and learning of physics and technology. In this project Dumont, 

Lensink and Raat are concentrating first on the 2nd and 3rd 

year of secondary education, when girls are 13-14 years old. 

At the end of the 3rd year of secondary education choices have 

to be made of subjects to follow in the years after that, up to 

the final examination. The percentage of girls now choosing 

physics at that moment, is less than 50% of the boys' numbers 

in vwo schools and only 25% or 20% of the boys' numbers in 

havo and mavo schools. Without physics at the end of the 

secondary school, the girls do not have entrance to many 

voca tional schools of several levels and to many university 

courses in the field of technology, medical professions, mathe

matics. natural sciences and agricultural sciences. So a clear 

decision in the strategy of the MENT project is to focus 

attention on girls and physics and technology in the 2nd and 

3rd year of secondary schools. 

The MENT project is working in three ways: (I) making 

physics lessons more inviting to girls by changing their contents, 

(2) making teachers aware, or more aware, of the disadvantage 

girls suffer in these lessons, and help ing the teachers change 

this for the better, (3) making the material (i . e . the physics 

textbooks) more friendly to girls. 
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There is need for specific material to be used in teacher

training, for initial training as well as in-service training, 

so that teachers may be prepared for non-sex-discriminating 

physics education. Such material is not available at present 

and so the MENT project is setting out to create some for it

self. Video-tapes have been made of 'the pendulum experiment', 

showing that when a girl and a boy do a physics experiment to

gether, the boy on the average carries out the activities in 

the experiment. Often the girl just watches what the boy is 

doing. The tapes are being used to stimulate discussion of the 

problem. 

Verkerk (THE) is doing research on the topic 'practical 

examinations in physics'. In the Netherlands laboratory-based 

practical examinations in physics have been introduced 

recently in the last year of vwo schools. There is little 

experience in the Netherlands of organising these practical 

examinations. The aims of the study are to find methods for 

conducting practical examinations and methods for testing indi

vidual practical skills. It is planned to identify practical 

skills from the results of students in the various practical 

examinations and to distinguish these skills from those used 

in non-practical work, such as written paper and pencil tests. 

So far no correlation has been found between various groups 

of practical skills and the two final examination results for 

physics. This means that this sort of practical examinations 

gives students fresh courage for good scores independent of 

their results up to that moment. This is the same for girls and 

boys. However, in general, boys seem to have better results 

in most parts of the practical examination and this is being 

looked at further. 

The department of social science at the THE had identified 

as a problem the existence of so few female engineering students 

some time ago. Not only did few women enter engineering courses, 

but they dropped out more readily. Following developments in the 

USA, action programmes were developed and carried out. The 

evaluation of these was positive and so a more major project 

was undertaken. This involved the coordinator (de Raaff, THE) 



organising a week's programme for young women entrants to 

the THE prior to their registering at the university. Through 

this it was hoped to prepare girls for the problems they 

might face as a very small minority in a predominantly male 

environment and to establish an informal, mutually supportive 

group amongst the girls themselves. 

4 (ii) Initiatives in England and Wales 

The small number of girls in physical science and tech

nology classes at all levels of education in England and 

Wales has given rise for concern. Girls form the following 

percentage of entries to physics in public examinations: 

CSE 12%; GCE '0' level 28%; GCE 'A' level 18% (see chapter 3 

for explanation of these examinations). Candidates for 

university places require passes in at least two 'A' level 

subjects and it is very unlikely that any applicant to a physics 

or engineering course would be considered without an 'A' level 

pass in physics. Females form 12% of physics undergraduates 

and 6% in engineering. 

As it is difficult to re-enter physical science classes 

at a later stage of education, attention has been focused on 

the choices pupils make at 13/14 years for or against the 

continued study of physics and chemistry. Ormerod has shown 

that able girls are more likely to have a positive attitude 

to physics and to choose to study it more often if they have been 

educated in a girls-only school rather than in a mixed school. 

He also showed that an appreciation of the social implications 

of science was an important factor in science choice for girls. 

The girls from girls' schools in Harding's study of perform

ance in '0' level science examinations were more likely to 

obtain a 'pass' grade in any science subject than were girls from 

mixed schools. This was not so for boys. Her Majesty's Inspectors, 

in reporting a survey of secondary schools, suggest this effect 

of type of school on girls' choice of physics has disappeared 

with the conversion to comprehensive schools, but the number of 

girls' comprehensive schools in the survey was rather too small 

for reliable generalisations to be made. 
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Harding draws attention to two ideologies of girls' educat

ion which operated in the past. One, found largely in girls' 

grammar schools, was based on the determination to give girls 

an education equal to that of their brothers, and the other, 

operating for the 75-80% of girls who attended secondary modern 

schools, assumed that the major roles of women were those of 

wives, mothers and home-makers and educated them accordingly. 

In mixed comprehensive schools the expectation and achievement 

of .girls will depend on how strongly sex-role stereotypes are 

transmitted. 

The science H.M.I.s have case-studied twelve mixed schools 

in which girls choose the physical sciences in larger numbers 

than is normally so. Their report emphasizes the importance of 

positive encouragement for girls and the need to change the 

presentation of the physical sciences to make them less abstract 

and more relevant to human and social issues. 

A major intervention study has been established in 

Manchester by Kelly and Whyte. The GIST project (Girls Into 

Science and Technology) aims at encouraging girls to study 

physical science and technology when these become optional. 

Barbara Smail, the Project Officer, attended the GASAT conference. 

Three early tasks were established for the project in its work 

in ten mixed comprehensive schools. 

(i) They have worked with teachers to encourage them 

to question the existing patterns of choice and to 

appreciate the disadvantages that girls suffer compared to 

boys in studying science and technology. They found that 

most teachers were professionally committed to equality of 

opportunity, but assumed that boys and girls were different. 

Games and exercises have been used to change stereotypes, 

but some science teachers are not very keen on such 

techniques compared to teachers of the humanities. 

(ii) They have developed test programmes for boys and 

girls to measure attitudes, skills and achievement. 

They have found that interests are more polarised than are 

abilities, with boys preferring topics about cars and space 

and girls those relating to the body and the natural world. 



Boys were found to be more stereotyped than girls and 

they saw science as more masculine than girls did. This 

raises questions about the need to work with boys as well 

as girls to change girls' behaviour. One interesting 

'natural experiment' occurred in one school where for 

twelve weeks half the 11-12 year olds (mixed classes) 

studied 'Craft' in the workshops and half Home Economics. 

Pre- and post-tests showed greater gains in spatial 

ability in both boys and girls who had had workshop 

experience, than in those following the Home Economics 

course. 

(iii) They have set up a programme of visits to schools 

of women employed locally in science/engineering/craft work. 

These women were contacted through local industry and 

national advertisements. They attended half-day training 

sessions before visiting schools. These visits have had 

positive effects not only on boys' and girls' attitudes 

to women-in-science, but also on teachers. For greatest 

gains to occur it has been found that the boy : girl ratio 

in class groups is significant and that the teacher's help 

in articulating questions from the girls may be important. 

The briefing/training sessions were valuable in helping 

visitors to use appropriate language styles with pupils, 

although some problems were still encountered here. Women 

at the craft level of work were less likely to obtain time

off to visit schools than were the more senior personnel. 

The project is now expanding to work in the subject area of 

Craft, Design and Technology, because of the effect on 

spatial skills of workshop experience. 

The Association for Science Education, with a membership of 

around 17,000 science teachers, has also been active in arousing 

concern for the problem . Its Girls and Physical Science Sub

committee has presented symposia at Annual Meetings and Jan 

Harding, as its chairperson, is frequently asked by local 

authority science advisers and others to contribute to in-servic e 
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meetings for teacher~. The bulletin of the Association, 

'Education in Science', has published accounts of strategies 

used by teachers to involve more girls in the study of physics 

and chemistry. These have indicated that change will occur only 

if it is strongly conveyed to girls (and their parents), using 

all kinds of techniques, that they are expected to study these 

subjects. One effective strategy involved the use of a tape I 
slide .sequence advising girls of the importance of physics 

for many future jobs. The Department of Industry financed 

multiple copies of the sequence which has now been used in many 

schools. 

The sub-committee is currently working with teachers to 

develop curriculum modules for third year pupils which aim to 

make physical science more attractive to girls and is 

preparing guidelines for published materials to remove sex bias. 

Geoff Chivers, of Loughborough University, is convinced 

that one of the chief causes of so few girls possessing the 

right qualifications to enter engineering at different levels 

is the lack of association of careers to physical science 

studies. Influenced by American work and with support from the 

Engineering Industry Training Board, he initiated the 'INSIGHT' 

programme in 1979 at Loughborough. Girls who were studying 

appropriate courses in the Sixth Form and who were uncertain 

about a career choice in engineering were invited to spend a 

week at the University. Over 600 applications were received 

but only 45 places could be made available. The girls met in 

small groups led by professional women engineers, released for 

the week by their employers. Talks, discussions and career 

advice were arranged for them. They spent a day with engineers 

in industry finding out what their work entailed and visited 

relevant university departments. Of these girls 37 later 

entered undergraduate courses in engineering. 

Discussion with girls who had participated in the INSIGHT 

programme revealed that most of them had not begun to think 

about a career in engineering until after 16; their choices at 

13+ had not been informed by career advice. The teachers with 

career responsibility were mainly from arts or humanities 



subjects, but even their science and mathematics teachers 

knew little about openings in industry. They confirmed the 

ease with which girls could drop out of physics at 13+. 

The INSIGHT programme was extended in 1980 to nine 

universities and in 1981 to ten, when 400 girls participated 

(out of over 3 ,000 applications). 

At Loughborough University, also, Susan Bullivant has 

encouraged women students to form a Women's Engineering 

Society, to facilitate mutual support in the largely male 

environment. This group has formed links with girls in the 13-

15 age group in local schools . They prepare short talks and 

take along a tape/slide sequence giving information about 

careers in science and technology, and other career materials 

which are readily available but which few of the girls have 

seen. Science teachers in schools welcome these visits as 

they recognize that much work which has traditionally been 

performed by women may disappear. Moreover, they look to girls 

to maintain the numbers choosing their subject as rolls in 

school reduce in size. There is some disquiet, however, about 

the exclusion of boys from both programmes. The team at 

Loughborough acknowledge that the task of attracting girls into 

engineering may be made more difficult if boys partic ipate, 

for most girls are unwilling to compete directly with boys 

in the context of physical science and technology where they 

feel at a disadvantage . 

The whole question of the place of the sciences in the 

options offered to girls and boys at 14 years has now been raised 

by the A.S.E. as well as the Inspectorate. A 5-year project 

enquiring into science education has been undertaken jointly 

by the A.S.E., the Schools Council and the Department of 

Education and Science. 

4 (iii) Initiatives in Sweden 

Lena-Pia Lindholm, permanent secretary to the Committee 

of Equality at Lund University, reported studies of children's 

views on technology, research and the future. Swedish children 

express a heavy sense of pessimism and powerlessness; they fear 
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that the world will be taken over by computers and robots 

with an inescapable loss of human feeling. They are less 

interested in space exploration and more concerned about the 

environment, pollution, energy supplies and the threat of 

violence and war. They think that they have a right to affect 

their situation and their future, but they do not know how and 

they think they never will. 

Lindholm sees as a major educational issue the question 

of how children can be activated to take a responsibility for 

their situation now and in the future. This is of special 

importance within an equality perspective as women have been 

most disadvantaged in influencing their condition. She reported 

boys as more frequently mentioning technological aspects of 

the future, while girls more often describe the everyday social 

and human situation (Jonsson, et a1). Technology, she claims, 

may seem strange and frightening to many a girl, but by 

stimulating their interest in it, we may do three things: 

give them more power to influence their future, open up 

opportunities for personal careers and benefit society by 

using intellectual and emotional resources that have been 

almost invisible in the past. 

She makes the following suggestions: 

Teachers must recognize girls' rightful place in technology; 

the girls must feel that they are welcome and needed in the field. 

Textbooks and materials used in discussion should display 

women and men equally, so that girls may perceive role models 

and boys get used to the sight of women in untraditional roles. 

There must be discussions of the consequences of 

different applications of technology in relation to the kind 

of future boys and girls want, with both sexes equally involved. 

This may imply a problem-orientated approach with several 

teachers contributing across subject boundaries. 

A project group within the High School of Technology in 

Lund has, for two years, with support from the University 

Committee for Equality, run a 3-day 'mini course' for girls 

to encourage those with a science background to enroll in 

technology courses in post-gymnasium education. 



In the Swedish 9-year-school studies of natural science 

and technology will be compulsory throughout, from 1982. 

A special project has been launched to give in-service education 

for this to primary and middle school teachers. An experimental 

course in Lund brought together 10-12 year olds and researchers 

at the University. The theme was 'getting to know your town 

and its surroundings'. Themes such as 'The ground below', 

'The houses in our town', 'Plants and trees in our town' and 

'The air above' were used. Spontaneous questions from the 

children were encouraged and they made notes in 'research books'. 

Feedback from the experience has been very positive, with 

girls as interested as the boys (teachers have requested a 

special event for themselves!). Further researches into the 

resources within a local community which could be used to 

stimulate children's interests in science and technology, are 

planned. 

4 (iv) Initiatives in Norway 

The Centre for School Science at Oslo University acts as 

a link between schools and university, offering help and 

advice to teachers, running in-service courses and contributing 

to curriculum development. Svein Sjoberg and Svein Lie are 

currently working at the Centre within the 'Girls and Physics' 

project, supported by the Ministry for Church and Education. 

They report on preliminary findings which show that attitudes 

to the sciences are polarized by sex. For boys in a 

representative sample the relative popularity of the three 

sciences was: biology 52.9; chemistry 56.0; physics 42.8. 

The figures for girls were: biology 84.9; chemistry 30 . 0; 

physics 14.0. When science (which is taught as an integrated 

subject in the last three years of the 7-16 school) is compared 

for difficulty with other subjects twice as many girls as boys 

identified it as the most difficult (although girls' grades 

were slightly better than boys'!) and six times as many girls 

as boys mentioned science as the subject they would prefer to 

be spared from. 

In Norway, attainment in mathematics and physics has 

developed an 'aura' of being an 'objective' criterion for future 
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educational success. By avoiding them girls cut themselves off 

from many interesting and prestigeous careers, not only in 

technology, but also in medicine, dentistry and veterinary 

science. The 'Girls and Physics' project is action-oriented, 

aiming to bring about change in the present situation by changing 

decisions made by girls (providing more information about careers 

and less-biased counselling) and changing the subject and class

room practice. It is argued that physics must change to become 

less strongly male-associated by de-stereotyping textbooks 

and representing males and females equally and by using examples 

to explain ideas in physics which appeal to girls' current 

experiences as well as those more familiar to boys. The project 

is carrying out surveys to ascertain more clearly how boys' and 

girls' interests and experiences relevant to learning physics 

do vary. It is concerned that even recently published texts 

contain strong stereotypes and this despite the official scrutiny 

of experts (who among other criteria look for sex bias) which is 

applied to a book before it may be recommended for school use. 

But the presentation of physics, the project argues, must 

also change to show it as a process, a way of asking questions 

and finding out, rather than as a product, a collection of 

answers to standard questions. Physics should be shown to be 

an integral part of present culture, with physical theories 

possessing wide philosophical implications for society. Further

more, many important and controversial decisions must be based 

on a combination of scientific understanding and value judge

ments. By stressing such aspects of physics it is hoped that 

girls will find it challenging and in turn might make a positive 

contribution to such a development. A number of teachers, many 

of them women, are anxious to contribute to the project. 

4 (v) Initiatives in the Federal Republic of Germany 

Lore Hoffmann reports that the issues of few girls in science 

and technology has only recently assumed prominence in Germany. 

No project or official programme has been started, but discussions 

take place and some initial enquiries have been made. 



The percentages of students in high-level science courses 

in the 'Gymnasium' (where a science subject must be included) are 

biology 81%; chemistry 40%; and physics 33%. Only 6.7% of girls 

proceeding to university wish to study physics. Physics is an 

unpopular subject with both boys and girls. Reasons given for 

this are that it is boring, lacks application to technology, 

too little experimental work is included, the interests of 

students are not taken into account and the importance of physics 

for today's society is not emphasized enough. 

Boys' and girls' interests in physics and biology subject 

matter were surveyed in 1974. In all topics in physics girls' 

interest levels were lower than boys' and declined from 6th 

Grade, while for boys the decline in interest began a year later. 

In biology the girls' interest level was reportedly higher than 

boys', except in zoology and ecology. Girls' interest in the 

environment and also in anthropology increased with age. 

The enquiry into activities showed that boys preferred to 

discuss, reflect on, calculate, measure, give reasons for, 

examine and draw, while girls preferred to discuss (the only 

thing to increase with age), observe, explain and learn. Both 

boys and girls liked to experiment (unless it was in physics). 

Boys, predictably, had more experience in kits, construction 

toys and similar activities. The correlations between science

related, out of school activities and marks obtained for science 

in school were more significant for girls (0.79) than for boys 

(0.29). 

Both boys and girls showed a general interest in technical 

equipment such as the camera, calculator, and telephone. Girls 

were interested in natural phenomena such as tides and echoes, 

boys in electrical phenomena and equipment (nuclear power plants, 

satellites, etc.). Physics teachers more correctly assessed the 

boys' interests than those of the girls. 

Hoffmann points out there is room for improvement overall 

in science teaching, to relate it to the interests of boys and 

girls, to motivate both to study physics. But reform is needed 

also in textbooks that present stereotypes of behaviour, the 

expectation teachers and others have of girls, and in career 
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information, advice and counselling, so that girls know the 

consequences for work opportunities of avoiding physics and are 

made aware of the women who are already working in science and 

technology. 

4 (vi) Initiatives in Portugal 

Isabel Romao, who works in the 'Commission for Women's 

Condition', reported that although access to basic education 

had expanded for women in Portugal and that enquiries had shown 

that no legal discrimination against them existed in the schools, 

girls were still emerging less adequately prepared to take 

advantage of employment opportunities than were boys. Girls 

make their choices, she argues, from deeply assimilated expect

ations of their role in society. With help from Sweden she 

initiated a project called "Attitude changing on sex-roles" aimed 

at teachers and pupils in primary schools. The experiment in 

5 pilot schools is being extended to Primary Teachers' Training 

Colleges countrywide and plans are being made to further extend 

it to other education levels. 

Materials already developed include a booklet for discussion 

in primary schools entitled 'Girls and Boys, same world, same 

tasks', which shows children working together helping in the 

home and in more traditionally male tasks. Balloons have been 

produced carrying slogans 'Boys and girls, same world, same dreams', 

and 'Girls and Boys, same world, same games'. Plastic bags 

display the project symbol and the words 'Women and men, same 

world, same tasks' and 'Women and men, same world, same concerns'. 

Slide/tape and film sequences are being prepared for teacher 

education. 

A Children's Literature Seminar was held in May 1981 to 

which writers, designers, publishers, journalists, children's 

programmes coordinators from the media and teachers from primary 

schools and Training Colleges were invited. The proceedings were 

widely reported in the press and in radio broadcasts. 

Information and awareness campaigns have been mounted 

involving trade unions, cultural associations, youth organisations 

and so on, and contacts have been developed especially with 



journalists and media programme controllers. All mass-media 

channels have been circulated with statements of project aims 

and samples of materials. 

In Portugal, therefore, the much wider issue of sex-role 

stereotyping and its constraints on both men and women is being 

tackled. Its effect on women in science and technology will be 

interesting to see. But Portugal is unusual in another respect : 

although women formed only 3.7% of all registered engineers 

in 1977 and in 1976 contributed 15.3% to students on engineering 

courses, they formed 64.4% of the student group in chemica l 

engineering. 

4 (vii) Initiatives in the U.S.A. 

In common with European countries women in America form 

only a small proportion of those working in science and technology. 

At bachelor level official reports show that women recipients 

formed the following percentages of total degrees awarded in 

different fields: behavioural and social sciences 37%; life 

sciences 38%; physical science 18%; engineering 7%. 

At doctoral level the percentage of women was less at all levels, 

but showed a similar distribution from 25% in behavioural and 

social sciences to 3.5% in engineering. 

Support for 'women in science' programmes has been avail

able through the National Science Foundation as a result of 

funding by the Carter Administration. Participants of the CASAT 

conference were among those receiving grants in 1981/2. 

Mary Anderson, of Arizona State University (A.S.U.), 

described two initiatives undertaken there: a re-entry programme 

for women at the masters level and support for girls and women 

already in the system. She bases arguments for such support on 

a model, proposed by Cobb, which claims that women are filtered 

out of science and technology by a system of filters which either 

do not exist for men or in which the pores are more permeable 

for the latter. 

Thes e filters are, briefly, the differential toys that 

boys and girls are given in pre-school years, the identifying 

of mathematics as a boy's subject that occurs first in elementary 
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school, the expectation t hat girls will choose only the 

minimum number of mathematics courses at high school, the lack 

of encouragement, even of gi rls with good mathematics, to major 

in science subjects which are perceived as male dominated, lack 

of encouragement also at graduate school where male supervisors 

may prefer to spend work time with other males and where accept

ance of dissertation, publication and post-doctoral placements 

may depend on a supervisor who does not take seriously a woman's 

attempt to develop a career and, finally, the image of ' super

woman ' projected for a female who attempts to run a home and a 

career in science or technology. 

Anderson argues that lack of awar eness of career openings 

in science and technology is a major contribution to the 

filtering process; career advice should be part of a self

development programme beginning in grade school and continuing 

through junior high school and high school years. She claims 

that several misconceptions need correcting: 

(i) that 'ii!Ogineers':~work " with steel, concrete and things 

rather than with people; 

(ii) that engineering is too strenuous for women; 

(iii) that you have to like mathematics to tackle it and 

use it as a service subject; 

(iv) that engineers don 't have time for a social life. 

Several strategies have been employed to encourage young 

women already in the system: a Scholastic Competition and Design 

Contest was instituted three years ago, supported by professional 

bodies and women high school students were encouraged to enter; 

two mathematics - science teacher workshops have been organized 

to provide information about college courses and career 

opportunities for women a re stressed; High School Summer Institutes 

for minority group students in engineering have been held for four 

years with 'women' as one of four target groups and a Women in 

Science and Engineering network has been set up, with high school 

visits as a major part of their programme. As a result of these 

efforts women form 20% of undergraduate students in engineering 

departments of A.S.U. 



A re-entry programme, directed by Mary Anderson, gives 

women who have been filtered out of the system, a second chance. 

Women with a first degree gained at least two years before, and 

who are unemployed or under-employed in terms of their potential, 

are recruited on to a masters of science degree, majoring in 

Industrial Engineering with concentrations on information 
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systems and organization control. The entrants need not be science 

graduates, but must have one year of calculus; opportunities 

are available to acquire this. Fees are waived and paid, half-time 

industrial experience is provided. 

Doris Simonis, working at the University of Iowa, has 

tackled the GASAT problem from two angles. She recognizes that 

women have lacked the encouragement their brothers have had to 

act independently and to explore their environment actively. 

This tends to establish in a woman a passive acceptance of the 

'magic power' of science, of which they are consumers and 'victims'. 

To counter the resulting alienation she recommends the use of 

gentler and more familiar analogies than those normally used to 

explain physical phenomena. She has demonstrated the effective-

ness of non-directive student-oriented laboratory work, with 

hands-on-action in bringing about shifts of girls' preferred 

modes of learning to more active, experimental initiatives. 

Persuaded by Walter Scott Smith's research, from which he 

claimed that a perceived conflict of roles and not a perceived 

lack of ability discouraged girls from pursuing non-traditional 

careers, she organized a 'Women in Science Career Workshop' for 

high school and undergraduate women students. Eighteen women 

scientists described not only the challenges and joys of work, 

but also the way family and spouse responsibilities were 

accommodated and compromises made in the light of available time 

and energy. Although registrations were made in terms of 

preparation for disciplines and emphasized career-related inform

ation, post-evaluation showed that the greatest gain was in the 

rapport that developed between the young women and the professional 

scientists and engineers. As a result of this the Iowa Directory 

of Women in Science was compiled, listing women working at various 
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levels prepared to act as informal career counsellors and 

potential mentors of young women contemplating careers in science. 

A copy of the directory has been placed with each high school, 

college and junior college in Iowa. 

Barbara Simpson, from Gustavus Adolphus College, Minnesota, 

argues that it is not financial reward that keeps women out of 

science and engineering in the U.S.A., for in these fields reports 

show that women command salaries comparable with and sometimes 

exceeding those of men . The more stereotyped as female women's 

occupations were, the more unfavourable were the salary comparisons 

made with equally qualified men. S~ why so few women in science? 

It is not avoidance, for many students applying to Gustavus 

Adolphus (noted for its science) had not even considered such a 

career . In spite of a press for some time to change attitudes, 

women are still encouraged less than men to enter training 

programmes or to develop basic skills in science. More troubling, 

Simpson argues, is the outcome of some research on choice of a 

work companion: both men and women tended to avoid an image of 

a wOman who demonstrated competence on career variables. 

To develop a career in science one has to be competent . lo/hat 

other qualities, therefore, do women need to be successful 

scientists or engineers? 

Tangri's research showed that such women had successful 

women models available to them. Those committed to a career were 

significantly more autonomous than traditionally oriented women, 

but expressed more doubts about identity and the ability to 

succeed. Support from significant males in their lives, such 

as boy-friend, supervisor or laboratory assistant, was important. 

Kunds and Anderson investigated 12 women scientists, married 

and with families, who had been nominated as successful by male 

and female peers. Most had had parental support, half were 

first-born children and most were from small families. But the 

variable which emerged as most important in determining their 

success was an ability to cope emotionally with being reacted to 

as deviant. 

Simpson predicts that large numbers of women will enter 

science only if we can make a rational case that being a 



scientist does not place in jeopardy other successes that 

women need. 

Ruth Ann Cade, of the University of Southern 

Mississippi, discussed several projects and research studies, 

which she and Robert Burr Cade have conducted, dealing with 

multi-phased programmes for recruiting southern women into 

science, based on extensive media use and interaction with 

suitable role models. Several factors which influence the 

design of an overall recruitment programme have been 

considered: determining the characteristics of the target 

group, developing contacts in regional high schools, conducting 

women in science career workshops and disseminating career 

information. She concludes that no one approach brings about 

sex parity in scientific careers. Most young women have 

been conditioned to believe that a career women loses her 

feminity and must sacrifice marriage and a family. This 

appears to be a major obstacle in their choice of science 

as a career. A most important factor in recruiting young 

women from high schools is the development of good relations 

with high school teachers. Most educational systems, especially 

on the secondary level, do not provide career education. 

Recruitment programmes which are carefully planned can yield 

results. 

Don Low, of Orange Coast College, Costa Mesa, California, 

described the science career workshop project for women in 

science. Orange Coast College provides programmes of study 

in some 70 technical areas and offers a full range of studies 

for those transferring on to four-year colleges and universi

ties. It caters for 33,000 students of whom just over half 

are women. Orange County has perhaps the greatest concentration 

of high technology industry of any county in the United 

States and among the thousands of scientists and engineers 

employed by these concerns are significant numbers of women. 

In 1980 the College contacted 1,000 local business and 

industrial companies, through their affirmative action officers, 

to identify women employed at the professional level in math/ 

science related areas, and to request their help in allowing 
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junior college women to spend time with them informally 

and in their places of work. This 'Shadowing' activity 

will be organized around a cross-referenced guide which 

will contain the names, brief biographies and position 

descriptions of women scientists and engineers participating 

in the programme . 

It is planned to contact young women in the college 

through a one-day career workshop for Women in Science which 

will be publicized using multi-media channels including the 

District-owned TV station. The programme for the day, in 

February 1982, will contain presentations relating to such 

topics as math anxiety, career outlook for women, career 

search techniques, presentation of self and assertion. 

As a follow-up the young women will be offered participation 

in the shadowing programme, with initial contacts made 

through the project director. 

Lucille Fink of Montclair State College, New Jersey, has 

also initiated a Career Advice Day for women in science to 

involve current students, unemployed women and minority women. 

She provided the GASAT Conference with an extensive bibliography 

on sex differences and female disadvantages and drew attention 

to the Fair Textbook Guide produced by the Publishers' 

Association in the U.S. She identifies the primary importance 

of the teacher in developing early interest in science and 

deplores the inadequate preparation of high school teachers in 

the sciences. An extensive in-service and pre-service training 

of teachers to correct this is advocated. 

Carol Niznik recommended the use of games theory with 

girls a~ an effective way of providing for them the experiences, 

common to boys but normally eliminated for girls, which are 

positivelY related to achievement in science. These experiences 

she lists as: learning how things work by taking them apart 

and reassembling them; excelling at games; independence; reward 

for deflecting aggression into useful channels; mastering their 

own environment; self-visualization as strong, powerful and 

dominant; overestimating their Own position in a 'toughness 



hierarchy'; understanding that competence involves success in 

what they do and emergence as a leader; belief in their own 

ability to determine the outcome of events; visualizing of 

risk as a consequence of judgement based on experience; removal 

of fear as a first emotional reaction to attempts to evaluate 

outcomes; seeking a group identity and assertiveness. She claims 

that these formerly socially unacceptable behaviours in girls 

will encourage the persistence and determination required for 

pursuit of science and technology careers. 

Deanna Chitayat provided the GASAT Conference with a 

somewhat different experience. She had directed the Project 

SEISMIC for the New York State Education Department. The goal 

of the project was to open up career options for females (as 

well as males) beyond those dictated by tradition. To achieve 

this three groups need to be educated: teachers, the students 

themselves and employers. 

Few counsellors or teachers of either sex would describe 

themselves as sexist . Thus the sex-bias in interaction with 

students is often subtle and frequently unrecognized. To enable 

teachers to become more aware of their own attitudes, activities 

were arranged for small, leaderless groups, using print and 

video feed-in. Participancs were cnallenged to examine sex 

differences in occupational choice, their own views of rol es 

of men and women on the job and in the home, their own views 

of working women, and to evaluate counsellor's responses to 

students' career choices. 

For secondary school students a sex-equity unit was 

developed. This consisted of a Curriculum Guide for teachers 

containing: 

(i) introductory materials, 

(ii) six fully developed lessons, 

(iii) one copy of material which could be copied for class 

use, 

(iv) video scripts, 

(v) concise data on sex equity issues. 
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·Two videotapes accompany the Guide. One presents 'Person

to-Person: Choices in a Changing World', in which stimulus 

'dilemmas' designed to focus attention on sex equity issues 

are put forward to be ' solved' by the students. The other is 

entitled 'New on the Job' and is a 15-minute documentary featuring 

two women and one man who have made non-traditional career choices. 

These last were available for use with employers also. 

4 (viii) Initiatives in Canada 

In response to a wave of criticism in the late 1970's the 

Science Council of Canada initiated a broad study of the state 

of science education in elementary and high schoo ls. The study 

sets out to achieve three major aims: to assemble data to 

describe the present s tate of science education, t o undertake 

a historical analysis t o provide a perspective f o r present 

trends and to stimulate active deliberation concern ing future 

options for science education. 

The s trategy of deliberative enquiry has been adopted 

because the Council has no formal authority over education, 

which is a Provincial responsib il ity, and because suc h a mode 

of enquiry matches the complexity of the question, which is to 

determine the mode of education most fitting for a particular 

time and place. 

Th e problem of encouraging girl s to study science and 

technology ha s emerged as one of the issues to be deliberated. 

The Council supported a one-day workshop on the Science Educat

tion of Women in Canada in February, 198 1. In attempting to 

assemble figures for the enrolment of girls in science 

classes (to. demonstrate the present position) the fir st problem 

arose - many Provinces could not produce such statistics. 

Few had cared enough to find out. The issue had no t been a 

problem. What data wer e ava ilab le sugges ted a poo r representa tion 

of girls in both phys ical science and ma thematics . 

In the work shop explanations o f sex diff erences were 

explored and outcomes of a recent study comnlissioned by the 

Briti sh Columbia Ministry of Education were considered . These 



recommended that curriculum developers should draw up sexism 

guidelines for materials, relate science to society and experiment 

with single sex groupings. In research schools with high and 

those with low science enrolment for girls should be compared 

and longitudinal studies of individual girls undertaken to 

assess the effect of various factors in developing an interest 

in science. Those responsible for in-service and initial teacher 

education should develop programmes for science and mathematics 

teachers and for career counsellors, focusing generally on 

increasing awareness of the problem and the importance of 

teacher influence. 

Three chief ideas emerged from the workshop . The 'nobody 

cares' problem was the most urgent area of concern to be tackled 

first. Then in developing strategies for change the complexity 

of the problem should be recognized. There was no single simplistic 

solution; a great many factors operate to separate girls from 

science. Finally it was suggested that the difficulty experienced 

by researchers in pinpointing exact causes for the situation 

may arise from what is lacking in girls' experiences and 

education rather than from positive barriers. The proceedings of 

the workshop are edited by Janet Ferguson and published under 

the title 'Who turns the wheel?' and will contribute to the 

deliberative stage of the study along with other discussion papers. 

Other data-collecting activities are underway; a survey 

of science teachers is taking place designed to illicit inform

ation from 10,000 teachers, nationwide, on factors relating 

to science education, including how teachers compare the attitudes 

and abilities of boys and girls. In addition, 8 detailed case

study observations and discussions will be organized in selected 

schools across Canada. One of the study's concerns will be to 

observe and analyse teachers' interactions with both male and 

female students . 
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5. Conference Deliberations 

The conference started with the study of the educational 

systems of the various home countries of the participants. 

Although differing in many respects, they all had in common 

that fewer girls than boys study and choose to work in the 

physical sciences and technology. Chapter 3 has given a 

more detailed overview of the educational systems in which 

the problem arises. 

For detailed discussion at the Conference three main 

topics were identified: teacher education, support activities 

for women and curriculum and teaching materials. These 

topics were discussed in small working groups. These groups 

generated many suggestions which are summarised below. 

5 (i) Teacher education 

The ideas of teachers about women and men will generally 

not be very different from the ideas of the average population. 

It is thus quite probable that the common stereotypes will 

be current among them. Research has shown this is indeed the 

case. So the first thing to do is to challenge the assumption 

of teachers and future teachers about girls and boys in 

education in general, and in science and technology in 

particular. An awareness raising process has to start. Social 

sciences have developed methods to promote such a process. 

However, science teachers, more used to what they see as the 

impersonal, unemotional ways of the natural sciences, may 

feel uncomfortable with these methods at first. It is, therefore, 

necessary to enter the discussion carefully, in order not to 

raise extra resistance. 

Assumptions can be challenged by different means. The 

best thing is to confront people's opinions with the facts 

and to have them discuss the reasons for the differences found 

between boys and girls, men and women in science and techno

logy. Discussion may be stimulated by questions. 

A sequence of questions may be ordered: 

I. How many women/girls are studying/working in the field 

of science and technology at different levels? 



2. Why do we want more girls in science and technology? 

3. How do we affect the situation? 

With questions like these in mind, a sequence could be 

built which can be presented in a workshop: 

(i) A quiz - guess statistics about real situations of 

WOmen and men in occupations, girls in subjects at 

school, in textbooks etc. Then confront with the 

correct answers. The statistics of different 

countries may be given. If differences between 

answers and statistics arise, these may be discussed. 

(ii) Respond individually to a list of "why teach 

science" reasons . Discuss in the group, defending 

and attacking positions until consensus is reached. 

(iii) Respond to a list of qualities needed to study 

science. 

(iv) Respond to male/female qualities. 

(v) Finally discuss why the differences in (i) occur, 

why we may want to change the s ituation and how we 

can do so. 

Each activity above should include stimulus material for 

discussion, such as video, slides, pictures, posters and 

printed materials. Care should be taken that the materials don't 

seem alien to the groups which use them. The lists should be 

generated by discussions with groups of teachers (possibly 

physics, chemistry, biology and technology teachers separately 

for (ii). As far as exchange is useful, these materials should 

be available internationally through a resource bank. 

5 (ii) Support for women and girls 

Many activities can be developed in order to support young 

women and women at different ages. Some suggestions are given 

for different age groups. 

I. Intervention outside school 

0-12 years 

Outside the school children are confronted with various 

media which convey messages, most of which mirror 

society's stereotypes of male and female behaviour. 
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They may, however, be used to counter-balance 

negative effects. Non-sexist toys and games may be 

developed. Strong Parent-Teacher Associations can 

exert influence on manufacturers. Guidelines may help 

publishers of non-sexist childrens' books. 

Both educational and non-educational television may 

playa role. Guidelines may be developed for tv-script 

writers to include young women in positive roles: 

in non-documentary programmes they should feature as 

strong competent heroines, and more may be shown of 

women scientists and the role of science in everyday 

life. 

2 . Intervention in school 

6-9 years 

We need to understand more clearly what concepts or 

experiences girls lack at this age which makes them 

feel uncomfortable with mathematics and science. 

Within sports activities it is possible to develop 

skills, concepts and attitudes which foster involvement 

in science. 

9-12 years 

At this age, girls are already sensitive to role models. 

These should be presented to them in the form of a 

young woman studying science, or a practising woman 

scientist. In order to give girls more time and opport

unity to develop manual skills which boys may already 

possess, boys and girls may be separated in science 

classes, and in Science Clubs for girls only. Domestic 

projects should be encouraged for boys. 

12-15 years 

Activities that may be used: 

- Science club for girls. 

This club may give assertiveness training and en

courage a positive self-image as women competent with 

science and technology. 



- Women in science visiting programme. 

Women working in science visit the schools to talk 

about their experience in the field. They may give 

career information. 

- Career day. 

Exhibitions of women in working situations should 

be available with information on working in industry. 

- Industry. 

A representative may be invited to speak in school. 

The girls make a trip to a particular industry. 

- A network may be formed of supporting scientists, 

men and women. 

It is important that vis itors to schools, as suggested 

above, should be aware of the nature of the problem 

they are addressing and should be briefed on how to 

approach young people. 

3. University/College level 

- In order to support women students, peer groups may 

be formed. 

- Good non-sexist academic advice and counselling is 

necessary. 

- Career information must be given, not only about the 

content of jobs and how to apply for jobs for which 

suitable qualifications have been obtained, but how 

to plan for a developing career. 

Role models and assertiveness training remain 

important. 

- Re-entry for women with science and non-science back

grounds must be facilitated. 

5 (iii) Curriculum and teaching materials 

It was recognized that most problems for girls arose in 

physics, but evidence had been presented which showed that 

physics was the least popular science for many boys, too. 

Discussion, therefore, focused on physics and technology. 
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I. The ideas of physics 

Topics in physics should be re-evaluated. More 

emphasis must be laid on the natural environment, 

energy and familiar technology. The choice of topics 

and their development are important. 

Examples of topics likely to be more interesting and 

appropriate for girls and boys (aged 11-15) than those 

presently used are: 

weather, earthquake, tides, topics from earth 

science; examples from the human body; 

examples from everyday life ("kitchen physics" 

and "bicycle physics"). 

The sequence of development of topics should be from 

the familiar, natural phenomena, to the concepts, then 

to the formulae. 

2. Social implications of science 

Some historical examples of scientific methods and 

contributions may be of value to draw attention to 

science as a creative human activity. 

Knowledge of the development of modern science and its 

consequences may be important for the understanding 

of its social benefits and risks. 

More balanced presentations should be made of concepts 

and applications of science; a wider range of examples 

of useful technology should be given. 

Controversies in applications of science, or in 

acceptance of theories which reflect social concerns 

(as in uses of atomic power and the creation 

evolution contest in the U.S.) should be introduced 

for discussions to highlight the influence of science 

and technology on the welfare and the culture of human 

society and vice versa. 

Teaching methods 

Teachers should be made aware of 

a. Tendencies to recognize and encourage boys more than 

girls by expecting more active cooperation, directing 



more questions and/or calling more often On boys for 

responses. 

b. The negative aspe.cts of innnediate "positive rein

forcement" for girls. Encouragement and support for 

self-initiated inquiry and continuing investigations 

are essential to sustain interest and performance of 

girls as independent learners. 

Because young women are accustomed to seeking social 

approval and thus avoid intellectual risk-taking, 

science teachers must make special efforts to be 

non-directive "coaches" rather than authoritarian 

directors in their classroom. As Jerome Kagan expressed 

it, "Boys figure the task; girls figure the teacher". 

The science teacher may have special responsibility to 

provide alternatives to these orientations. 

c. Role-playing, discussions of controversial issues in 

applications of science and/or technology where each 

student must contribute an opinion and support it; 

brain-storming in groups where every student in turn 

contributes to problem-solving are strategies to be 

included in the teacher's repertoire. 

d. Open-ended questions with no "right" answer should 

sometimes be used. 

Questions (to be answered by experiential data) should 

never contain their own answer (e.g. Why is Material A 

a better insulator than Material B?). 

e. Students should do activities themselves and be permitted 

to observe and explain phenomena that challenge their 

assumptions and expectations. 

Classroom management 

a. Group activities and team projects may require special 

arrangements if the teacher is aware of young women's 

less active involvement. Usually girls respond and per

form better if paired with girls. 
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b. Expectations that all students will contribute to 

inquiries and discussions, will form opinions and offer 

hypotheses, should be reinforced by taking turns or 

sequencing reports arbitrarily, if necessary, to ensure 

that each student has opportunities to respond 

publicly and individually. If team consensus has been 

sought, assign a different "reporter" for each 

question. 

c. Do not allow neatness and precision in written work to 

substitute for initiative, ideas and risk-taking. 

d. Avoid liberal use of praise and criticism to mani

pulate behaviour . Strive to develop an atmosphere of 

openness to alternate explanations, diverse opinions, 

and fair comparisons. 

e. Analogies should be used selectively and new ones 

developed that relate to phenomena noted as interesting 

and familiar to young women. 

Youngsters can be taught to develop some analogies 

themselves, displaying understanding of key concepts. 

f. Curriculum should include activities students can 

do individually or in same sex groups. Results of their 

activities should not be isolated bits of in fo rmation 

but should be used as a 'hinge ' to the next lesson or 

topic whenever possible. 

Students should do activities, not just see pi c tures 

of other youngsters doing them. Reporting and discussing 

results of experiments orally, each person in turn, 

may be valuable experience. 

g. "Fairness" of experimental set-ups (when used) should 

be emphasized. Encourage development of formal mental 

structure by always asking for adequate comparative 

data or "control". 

h. When mathematical expression is important, spend time 

developing the formulae verbally and through data 

collected. Point out consistencies, relationships 

attended to. 



Textbooks 

I. Existing textbooks (and other teaching materials) must 

be examined to see whether they contain elements that 

disadvantage girls. All sexism must be removed. 

2. Guidelines must be established for the production of 

new textbooks. They must deal with the content of in

struction and with the language used, the illustrations, 

the examples, the illustrative texts. 

3. Slides or pictures are needed which show men and women 

working in areas related to each science topic on the 

curriculum . 

4. Research outcomes must be related to the production of 

textbooks. For example the topic raised by group 2: 

What concepts do girls lack (at a certain age) relating 

to science? Or a problem like this: What illustrations 

do appeal to girls? What makes a textbook attractive? 

Recommendations 

After the plenary discussion on the group reports, the 

conference discussed a set of recommendations. These are the 

recommendations that were agreed upon: 

I. Statistics must separate the data of girls and boys 

in order to make different educational outcomes visible. 

2. An infoPmation network must be built in order to 

facilitate communication between educators, scientists and 

researchers involved. 

This purpose will be served best by an international 

clearing house, gathering information on: 

- (research) literature 

- resources 

- career information, etc. 

3. Teacher education can play an effective role 
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- in pre-service education 

- in in-service education 

Both forms of education must be oriented towards the 

following objectives: 

- make teachers aware of society's at titude towards 

(young) women; 

- make teachers aware of their own attitude; 

- make teachers aware of classroom interactions (teachers -

students and students - students); 

- make teachers aware of career opportunities for girls 

and boys in science; 

- inform teachers about alternative strategies in science 

teaching. 

These objectives cannot be fullfilled only by providing 

information. Other methodologies must be used too in order 

to bring about attitude change. 

4. Curriculum and teaching material can contribute to 

promote girls' opportunities. 

- Sex discrimination in teaching material and textbooks 

must be removed. 

Examples and illustrations in textbooks must be based on 

girls' experience too. 

Science must be presented as an endeavour of women and men 

with historical, cultural, social and economic implications: 

- The content of textbooks must not be too far from daily 

life. Presentation should not be abstract, formalized and 

theoretical, but rather concrete, connected with real 

life processes. 

Science lessons must pay attention to the social impli

ca tions of science and technology. They must deal with 

the benefits of technological development, but also with 

the negative consequences, and/or controversial issues. 

- Textbooks can use the biography of women scientists as 

an illustration of science as a human activity . 

- Career materials must be developed for girls. 



Teaching materials must include a variety of methods, 

for example problem solving, decision making, design, 

hands-on. 

5. Informative, social and emotional support must be 

given to girls and young women. Some examples: 

Informative support: 

- information about consequences of subject choice 

- information about (non-traditional) careers 

Social support: 

- positive image in media 

- financial aid 

- extra courses 

Emotional support: 

- role models 

- female networks 

6. More research is needed in order to know the problems 

and thereby change the situation. 

Evaluation research into the effects of ongoing projects 

is important to form a body of knowledge as a basis for 

future experiences. 

Longitudinal evaluation is essential in this context. 
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6. Future Directions 

As we look to the future one of the few certainties we 

can assume is that of technological change, which will further 

affect employment, communications, transport and the cultural 

fabric of our lives. If we are committed to equality of 

opportunity and equality of status for men and women, it is 

essential that women as well as men are adequately prepared 

to contribute to the development and management of change 

through employment and decision-making and that neither sex 

is prevented by custom or deep-seated prejudice from developing 

individual potential. A good, basic education for girls in 

science and technology is an important pre-requisite for such 

a concept of equality. It was to facilitate this that the 

first CAS AT Conference was convened. 

A clear message from the conference is that girls' 

science and technology education cannot be treated in isolation, 

it is firmly embedded in three broad social and conceptual 

structures: the philosophy, aims and organisation of education, 

the practice of science and technology and the assumptions 

made about appropriate male and female behaviour. The inter

action of these creates the current problems identified in the 

science education of girls. 

Figure 1 presents a model of these interactions. 

The three major areas are represented as overlapping circles 

I, 2 and 3 . Interactions between ' education' (I) and 'science 

and technology' (2) give rise to science and technology 

curricular in schools (lozenge 4). Stereotypes of male and 

female behaviour (3) operating in the practice of science and 

technology (2) result in the image of science (lozenge 5) as 

impersonal, unemotional and male-dominated. Any sex different

iation in education (lozenge 6) arises from interactions of 

'male and female stereotypes' (3) and the 'philosophy, aims 

and organisation of education (I). The central portion (7), 

common to all other areas, represents girls' science and 

technology education. 



Initiatives designed to change the present character of 

this last area will be most effective if its central position 

within these interactions is recognized. 'Future directions' 

should therefore take this into account. The discussion that 

follows will make frequent reference to the model. 

practice of 
science and 
technology 

2 

philosophy, aims 
and organisation 

of education 

girls' 
science and 
technology 
education 

male and female 
stereotypes 

3 

Figure I. A model to illustrate the dependence of girls' 
education in science and technology on aspects 
of the education system, the practice of science 
and technology and the operation of sex-role 
stereotypes. 
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A useful point at which to start is observed sex

differentiation in education. It is important to know what 

differentiation does occur and to ask why it should be so. 

Therefore the collection and publication of data On 

differential participation of boys and girls in educational 

courses is essential both for initial questioning and sub

sequent monitoring of the situation. 

This questioning should first be directed to the 

philosophy, aims and organisation of education. Is there 

evidence that different roles are assumed for girls and boys? 

Even where there are no explicit statements or structures 

which indicate this we should examine the provision of choice 

in the curriculum, for the operation of stereotypes On the 

process of choice at critical stages in adolescent development 

is just as effective a sorting mechanism as is allocation 

according to prescribed roles. When choice of subjects is 

provided the message that accompanies this is that it is quite 

acceptable to choose or reject among the constituents; they 

are of equal value. But when they open up different life 

chances we must be very sure that the young people understand 

what is involved and that they are of sufficient maturity to 

make the choice. This requires 

(i) sensitive, unbiased and on-going counselling and 

career education, 

(ii) the possible delaying of choice to a later stage, and 

(iii) the provision for re-entry to subject areas at .a 

later time for both boys and girls who may have chosen otherwise, 

possibly for some very good reason, at an earlier stage. 

(i) Career education is becoming an accepted and formal 

part of the curriculum in the secondary schools of many nations. 

Specialist career teachers are being trained to organise class

rOOm study, but it has been noted that classroom teachers (e.g. 

in physics) exert as much, and as we guess even more, influence 

on their pupils' views of themselves as competent to work in 

an area or of the opportunities which are available for employment 

if their subject area is chosen. 



Two developments are needed here: 

(a) all teachers of young adolescents need to be aware of 

their own assumptions about males and females and how these 

may operate in selectively encouraging or discouraging boys 

and girls to pursue the study of some topics or to choose 

certain careers. This is why GASAT Conference spent consider

able time discussing developments for teacher education and 

made recommendations which are reported in Chapter 5; 

(b) for science teachers materials should be available 

relating to all science topics which show real women and men 

working in science and technology. These should be cheaply, but 

attractively, produced and capable of being used during the 

course of a normal science lesson, without creating massive 

organisational problems . The format could be video, slide-tape 
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or print. The use of such materials would locate school science 

more firmly in the real world, provide on-going career education, 

help to break down the stereotype of science as a male preserve 

and encourage more girls to participate in its study and 

practice. 

(ii) The presenting of a much wider choice of subjects 

for study to pupils has accompanied the move, in several 

countries, from selective schools (where narrower courses 

considered appropriate to their selected group of pupils in them 

were offered) to comprehensive schools. The provision of choice 

was an attempt to cater for the wider spectrum of abilities, 

aptitUdes and interests of pupils in the latter schools. 

But if certain subjects are chosen others are inevitably 

rejected. Counselling and the grouping of subjects may solve 

some problems, but experience has shown that what emerges for 

SOme is an unfortunately imbalanced, educational experience. 

For girls this has meant few continuing with physical science. 

It is argued that it is not timely to present pupils with 

important curricular choices in early adolescence, when they 

are only beginning to reassess themselves for adult roles. 

It may be more appropriate to expand, if poss ible, the core 
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of compulsory subjects and delay choices to a later stage. 

(iii) The expectation underlying re-entry provision is 

essential at a time of rapid change, when a preparedness to 

train and retrain, to take new directions and to regard 

education as a life-long process is immensely valuable both 

to individuals and to the societies to which they belong. 

But this expectation will not develop unless it is explicit 

in the aims of education and opportunities to start afresh 

are built into the educational system. For women and girls 

in the present situation, re-entry to physical science and 

technology must be facilitated. 

School science and technology exist in the overlap of 

educational aims and organisation and the practice of science 

and technology. 

The question why teach science? may be answered at the 

philosophical level, making reference to 'a liberal 

education' or 'our cultural heritage'. But in practice 

physics and chemistry have been studied in schools largely 

by those who see their value in future careers; they have 

served an instrumental role. Biology is somewhat different; 

more boys as well as girls profess greater interest in 

biology in itself, although this is complicated by its 

'easier' image and the perceived appropriateness it has for 

girls' future roles. Physics and chemistry are tailored more 

for the supposed needs of future scientists, so the pressure 

to establish the theoretical structure of the subject is 

greater. This discourages all but those who see themselves 

as future scientists or who realize that a lower career goal, 

too, requires a physics or Chemistry qualification. Even a 

change to emphasize the process of science rather than the 

body of scientific knowledge has done little to change this. 

Girls, in particular, are discouraged from studying the 

physical sciences which appear to have little relevance for 

the human and social issues that are assuming importance for 

them. 



But the argument for change in science curricula is not 

based on improving their attractiveness for girls. We believe 

that school science misrepresents science and technology in 

the world and that it should change to show science as a 

human endeavour, presenting intellectual and social challenge, 

and providing opportunity to improve the lot of peoples On 

this planet, but also equipping mankind with enormous potential 

for destruction. To achieve this some of the existing content 

should go and be replaced by subjects as e.g. physics in 

society 1). It is anticipated that the outcome of such a 

revision will prove more attractive to girls and will provide 

a more appropriate education for citizens as well as for 

future scientists. 

Although there has been considerable consensus in the 

past over what constitutes science education in schools, the 

same cannot be said about t echnology as a subject in the 

curriculum. Four views of it may currently be identified in 

schools: (i) equated with the development of technical skills, 

it is used for pupils of low academic potential, contributes 

nothing to the education of the able pupils and has low 

status in a hierarchy of school subjects; (ii) as 'applications 

of science' it may be tackled On to the end of a science topic. 

A particular technological operation, or set of operations, 

such as 'electronics' or 'pneumatics', may alternatively be 

used to structure parts of a science curriculum. The chief 

objective, however, revealed in assessment, is the associated 

science knowledge and pupils are rarely, themselves, involved 

with the technology except at a very elementary level in a 

school laboratory; (iii) as a powerful force affecting many 

aspects of our lives, it appears in 'science and society' 

programmes which are about technology and its implications and 

is classroom-based; (iv) as a process involving problem

identification, and solution search, design, realization and 

evaluation, it is environment- and workshop-based and the 
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knowledge component is subsidiary to the problem-solving, decision

making process. 

1) As an example we refer to Eijkelhof Harrie M.C., Egbert Boeker, 
Jan H. Raat, Niko J. Wijnbeek, Physics in Society. Amsterdam, 
1981. 
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Currently girls may be involved equally with boys in (iii), 

the implications of technology, and it is hoped that a develop

ment of (ii) may attract more girls to the physical sciences 

(although the inclusion of complex technical systems in some 

materials offered to the 14-16 age range promises to do little 

for the girls). It may be that the extension of the last will 

benefit girls most in developing a self-image as competent and 

creating a will to contribute to technological development and 

the management of change but at present the male image of 

workshop-based courses discourages most girls from participating. 

Decisions about what constitutes technology in the school curri

culum face most educational systems today. In Swedish schools 

'technology' is a compulsory part of the curriculum for the 

nine years of schooling to 16 years. An experiment there has 

involved whole communities working with children in schools in 

developing responses to technological change and more positive 

attitudes to it I). This would seem to be a promising development. 

The image of science and technology as a male domain, 

arising from interactions of male and female stereotypes in its 

practice, creates one of the most effective barriers to the 

participation of women and girls in scientific and technological 

activities. However, there are women working in these fields 

and we need to make them visible to girls and their advisers, 

whether they are teachers, parents or peers. Visual materials 

need to be available that show women at work in various levels 

of science and technology, not only for curricular use, as 

advised earlier, but for parents' meetings and career symposia. 

Some materials are already available and need to be publicized. 

Women working in local industry are a resource which should 

be utilised in various ways. Some form of local organisation 

is required to coordinate such resources. This may be provided 

voluntarily by women's groups or by the local education 

authority. In some areas in England an 'Equal Opportunity' post 

has been created within the education authority. 

Positive action to counter the male image of engineering 

has proved very effective in some USA universities and in the UK, 

I) See Lena-Pia Lindholm in Contributions GASAT Conference 1981, 
p. 275 



through the EITB 'Insight' programme 1), a considerable number 

of able girls have entered engineering degree courses. The 

next step is to invite these girls to talk to the younger 

girls still at school and to provide similar encouragement for 

the 'middle-ability' girls. 

It is important that women already working within science 

and technology discuss the arrangements they make for home and 

child-care. Career breaks are not generally accepted within 

the companies employing women in such work. In some countries 

the medical profession, containing a higher proportion of 

women, has already initiated a programme for women doctors who 

wish to devote time to their children, to keep in touch with 

practice and training through part-time attachments with on

going work. One large bank in the UK is following suit. 

An important future development, as more young women are 

recruited into industry and science-based work, is to negotiate 

similar arrangements with their employers . It may be some time 

before the number of women in these positions will be large 

enough for pressure to develop naturally, as it were. There 

may be need for some kind of coordinated pressure group to 

be organized to enable concessions to be won. 

Finally, as technological change accelerates and employment 

patterns alter we need to be vigilant that girls and women are 

not squeezed out of opportunities for experience and training 

that are offered, nor deprived of employment openings by the 

operation of stereotyped assumptions. We anticipate that 

future developments may exacerbate the GASAT problem. In many 

developing countries it has yet to be recognized and faced. 

The need for an international group providing mutual support 

and monitoring will continue for some time to come. 

1) See G.E. Chivers in Contributions GASAT Conference 1981, 
p. 55 
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