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Inthisquasi-experimental studyvariousstrategies aredevelopedandempiricallytestedfor anapproach
to physics instruction that should improve girls’ and boys’ attitudes toward and achievements in phy-
sics. Strategies include opportunities to integrate different pre-existing knowledge and the variation of
teachingmethods toenhance co-operationandcommunication in the classroom. The core of this study
isaninterventionin31classesof publicschools inSwitzerland. The intervention, oneunit inopticsand
one in motion (velocity/acceleration), includes the first 40 lessons of the first physics course that all
students have to attend at the upper secondary level. Data sources are various student and teacher
questionnaires, tests and semi-structured interviews with teachers. Results of the entrance and final
survey arepresented. The focus will be onsome of the appliedstrategies. Implications for the teaching
and learning of physics and for teacher education are discussed.

Introduction

Fromthe beginning of the eighties, attitudes towardscience and the achievements
in science have been the foci of gender studies. Results indicate that boys have a
more positive attitude towards physics and a higher achievement in physics than
girls; attitude and achievement are correlated (Baumert and Lehmann 1997,
Beaton et al. 1996, Greenfield 1995, Mullis et al. 1998, Parker et al. 1996,
Weinburgh 1995). Looking for reasons, researchers state: the decline of interest
inphysics during the years of lower secondaryeducation, i.e. grades 5-9 (HaÈ ussler
1987, HaÈ ussler et al. 1998, Keller 1997); the different interactions of teachers with
male andfemale students (Brophy1985, Enders-DragaÈ sser andFuchs1989, Kahle
1988, Kelly1988); teachers’ attitudes towardgirls andtechnology(Haggerty1995,
Spear 1985); the problem of culture, sex stereotypes, and school science (Byrne
1993, Kelly 1988); parents’ expectations toward their daughters and sons (Eccles
andJacobs 1986); the difference inpre-existingknowledge betweengirls andboys
and their different ways of learning (Johnson 1987, Pfundt and Duit 1994,
RaÈ saÈ nen 1992, Roychoudhury et al. 1995, Sjøberg and Imsen 1988) and the
girls’ self-confidence in physics and technology (Guzzetti and Williams 1996,
Kenway and Willis 1990).
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Although many reasons for the different attitudes towardandachievements in
physics of female and male students are known, only in a fewprojects - mainly at
the lower secondary level - strategies have been developed and tested to improve
students’ attitudes andachievements (BLK-ModellversuchRheinland-Pfalz 1993,
HardingandParker 1995, Harmon et al. 1997, Hoffmann et al. 1997, Uhlenbusch
1992). It is because of the small number of research projects of this kind, that
Weinburgh (1995: 396) concludes in her overview, ‘the first [implication] is the
practical need to continue research that examines strategies in the classroom for
improving all students’ attitudes toward science, especially those of female
students’.

In our research project, such strategies have been developed and evaluated
(Herzog 1994, 1996, Herzog et al. 1997a). They include a strong relation between
physics contentsandstudents’ everydayexperiences (Gerber 1998, Labudde 1993,
1996); learning opportunities to integrate different pre-existing knowledge; a vari-
ationinteachingmethodsenhancingco-operationandcommunicationintheclass-
room(Labudde 1997a/b, 1999) and training of teachers. The project as a whole is
based on the assumption that gender differences in attitudes toward physics and
abilities inphysics are due tomotivational problems and not togender differences
in gift or talent. All our criteria and strategies are based on this assumption. Two
main research questions of our study are:

1. Howcan physics teachers become more sensitive togender issues andwhat
circumstances can contribute to an appropriate change in their attitudes
and classroompractices?

2. What criteria and strategies for physics instruction are suitable for both
genders, i.e. dealing with girls and boys; how do the strategies influence
students’ attitudes toward and achievements in physics?

Research design

Our quasi-experimental studytookplace in the upper secondary level. There were
three main reasons for this: In most cantons of Switzerland, specific physics
instruction starts only at grade 11, in a few cantons at grade 12 (in lower grades,
students have to take courses in general science). Secondly all physics teachers
havea mastersdegree, most of theminphysics, some of theminmathematicsor in
other sciences; therefore, they are mainly influenced by and familiar with these
domains, but less with educational issues. Finally until now, most studies have
involvedgrades5-9, butnot the upper secondary level. So, our results canconfirm
previous results of other research projects at other school levels.

The core of this experimental study were classroom interventions in public
schools in the German speaking part of Switzerland. All schools are so-called
‘gymnasiums’ or schools very similar to those. The interventions included the
first 40 lessons of the first physics course that all students have to attend in the
upper secondary level, i.e. it was the beginning of physics instruction at this level.
The intervention took place in the school year 1995/96 between August 1995 and
JanuarytoSeptember1996, dependingonthe numberofphysics lessons per week.
Twenty-five volunteer teachers with 31 classes and about 600 students had been
recruited. All teachers had at least a masters degree in physics, mathematics or
chemistry; eight had a PhDin physics.
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As seen in table 1 the teachers andtheir classes were divided into four groups:

I. Experimental group I (5 teachers): This group, together with the research
team, chose the topics and the contents of the physics instruction, optics
and motion (velocity/acceleration), and developed between January and
July 1995, together with two of us, one common set of more than 200
pages of teaching and learning materials. Some of the materials were
developed by the teachers of group I themselves, others had been copied
from different publications. All materials were based on criteria for a
physics instruction that should be appropriate and motivating for girls
and boys. The teachers used these i.e. ‘their’ materials in their classes.
They received special training before and during the classroominterven-
tion to improve their teaching strategies with regard to girls and physics.
This first group of teachers hadthe highest engagement and involvement
in the research project.

II. Experimental group II (6 teachers): These teachers used the same set of
teaching and learning materials that had been developed by their col-
leagues of group I. They also got the same training as group I together
with those teachers.

III. Experimental group III (6 teachers): The teachers of this groupalso used
the same set of teaching and learning materials, but they did not get any
specific training.

C. Control group (8 teachers): These teachers did not get any materials or
any training. However they taught the same physics contents (geometri-
cal optics, kinematics), at the same level, at the same time (August 95-
January/September 96), using their own personal materials.

Methods and data sources

As indicatedintable1, datahave beencollectedintheentranceandfinal survey, in
two physics tests in optics and in velocity/acceleration and during the training of
the teachers:
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Table 1. Overview of the project phases, the research design (three
experimental and one control group) and of the data collection (the
entrance survey, the teacher-training, the physics tests and the final
survey).

Exp. Exp. Exp. Control
Project phases and data collections Time group I group II group III group

Development of learning materials X
Entrance survey 90 mins X X X X
Unit 1: geometrical optics 20 hours X X X
Training X X
Physics test 1: geometrical optics 45 mins X X X X
Unit 2: kinematics 20 hours X X X
Training X X
Physics test 2: kinematics 45 mins X X X X
Final survey 90 mins X X X X



Entrance survey

At the beginning of the intervention, all the students answered a questionnaire. It
included sub-scales of standard I.Q. tests (spatial ability, language comprehen-
sion). Further items in different domains had been developed and were formed to
scales using factor analysis: active and passive experiences in physics; technology
orientated activities; household orientated activities; interests in natural phenom-
ena and in technology; attitudes towards physics andother school subjects; expec-
tations concerning the physics course; connotations with physics; self-confidence
and self-efficacy and attributional style. For example, the scale ‘technology orien-
tated activities’ is based on nine items asking students how often they ‘use a
drilling machine’, ‘fix something with dowel andscrew’, ‘assemble a plug’, ‘repair
a bike’, ‘do handiwork’, ‘change an electric cable’, ‘repair household appliances’,
‘prepare the barbecue’, ‘lighten fireworks’, ‘clean a brush’. The five answer cate-
gories are from 1 (very seldom) to 5 (very often). A reliability analysis has been
performedyieldinga Cronbach-Alpha of 0.86. All items andscales of the entrance
survey have been analysed and checked in a similar way and proved to be of
satisfactory quality (Herzog et al. 1997b/c). At the same time, all the teachers
answered a teacher questionnaire. It included items asking for the main objectives
of their physics instruction, the teaching methods used in the last two years, the
expectations concerning the research project and the set of teaching and learning
materials, theattitudes towardsgirls andboys inphysics instructionandtheirview
of physics as a science.

Training

In order to support the teachers of experimental group I and II in applying the
strategies that shouldbe effective for girls they receivedtraining: several meetings
before and during the intervention; peer observation of teachers i.e. two of them
visited each other during their physics lessons; an individual semi-structured
interview with each teacher and a personal feedback on that interview; classroom
observations with a focus on the teacher-student-interactions and a personal feed-
back on these observations. Interviews and classroomobservations were also used
for data collection.

Physics tests

At the end of each unit all students performed a 45 minute test each in optics and
kinematics. The tests included 15-20 multiple-choice-questions and 3-5 short-
answer-problems. They had been developed by one of the researchers together
with four physics teachers who were not engaged in the intervention study. All
questions and problems had been pre-tested in these teachers’ classes.

Final survey

At the endof the intervention, all students andall teachers answereda student and
a teacher questionnaire, respectively. The items of the student questionnaire
included: the learning and teaching methods during the intervention; the integra-
tion of pre-existing knowledge; co-operation and communication in physics les-
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sons; several questionsconcerningthe teacher (e.g. his/her abilityto explainsome-
thing, student’s satisfaction with the teacher, discrimination of individual
students) and student’s expectations with regard to future physics instruction,
i.e. after the intervention. For example, the last scale, ‘expectations’, is based on
5 items: ‘Physics instruction will be fun for me’; ‘I’ll be good in physics’; ‘physics
instructionwill be interestingfor me’; ‘physics instructionwill be easyfor me’ and
‘I will understand, what is going on in physics instruction’. The four answer
categories are from 1 (do not agree) to 4 (agree). The reliability of the scale is
characterized by a Cronbach-Alpha of 0.87. Like this scale also all other scales in
the final survey are based on several items and checked by reliability analyses
(Herzog et al. 1997b/c). Additionally, some scales of the entrance survey were
used in the final survey too.

The analyses of the final survey only included the data from 26 of the 31
classes (see table 4). Three classes have been excluded because they were single-
sex classes. Two other classes were excluded because the instruction had not
fulfilled all conditions of the research project, e.g. other contents than the pre-
scribed one had been taught. The teacher questionnaire of the final survey
included questions and scales of different topics: the physics content; the teaching
methods andstrategies usedduring the intervention; the value of the teachingand
learning materials; the value of the training and the attitudes towards girls, boys
and gender issues.

All data have been processed by means of the standard software SAS 6.12.
Items, scales, reliability analyses, results of descriptive analyses, procedures and
results of multivariate analyses are described in detail in two appendices of the
final research report (Herzog et al. 1997b/c).

Criteria and strategies for a gender-balanced physics
instruction

Our criteria for the development of the learning and teaching materials are based
on previous projects and on the literature as mentioned in the Introduction. All
criteria were summarized in a checklist, which was used by the teachers of experi-
mental group 1, when they developed the learning and teaching materials. The
criteria include:

. Contents andcontext of physics instructionhavetoberelevant formales and
females. This wasone of the reasons foroptics beingchosenas thefirst unit
inphysics instruction, andthat inbothunits theeverydayworldofboysand
girls became a main basis for the instruction.

. Individual preconceptions and experiences of girls and boys should be inte-
grated in the texts, so far as they are known and common, or/and students
are explicitly asked to tell their own experiences and ideas. During the
lessons students get the opportunity to make up for unknown experiences.
Relations and differences between everyday language and physics language
are emphasized and discussed.

. Active and interactive learning environments have to be created whenever
possible: e.g. hands-on-activities; little ‘research-projects’; group-discus-
sions; presentations of students and writing essays or designing posters.
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Teaching methods are favoured that enhance co-operation and communi-
cation between student-student and teacher-student.

. Texts and figures should be non-sexist and gender-balanced.

The teaching strategies that should be employed during physics instruction
were discussedindetail anddevelopedincollaborationwiththeteachers of experi-
mental groups I andII. The strategies were summarized inanother checklist. The
teachers of group III and the control group had at no time access to this list, i.e.
only the teachers of group I and II were asked to apply the following strategies in
their physics classes:

. Interaction and feedback: pay equal attention to girls and boys, state
explicitly your similar expectations concerning their abilities in physics,
give all students enough time to answer a question, collect several answers
to one question, give positive feedback during the lesson and in personal
conversations.

. Self-concept of girls: praise girls not only for their diligence and discipline
but also for their ability and talent in physics, avoid any impression that
physics is only something for highly gifted people or men, emphasize that
girls are neither less ‘attractive’, nor less ‘female’, when they are interested
in and good at physics.

. Contents of physics instruction: pay attention to the different experiences of
girls and boys and to the context of physics instruction, create relations
between physics and people whenever possible.

. Atmosphere and methods of learning: arrange conversations and discussions
asoftenas possible; formsingle-sexgroups for group-discussions andprac-
ticals; support co-operation and suppress open competition and make your
physics classroommore comfortable.

Results and discussion 1: entrance survey

Some of the main results of the entrance survey are shown in table 2, the mean
values of nine different scales are separately given for girls (nˆ 384) and boys
(nˆ 193):

Experiences, activities and domain specific interests: The results are based on
scales and items witha rating scale from1to5, i.e. fromnoexperiences (activities,
interests) to many. As seen in table 2 significant differences between the girls and
boysof our sampleexist intheir experiences intechnologies, intheir mediaexperi-
ences in physics, in their activities and hobbies related to technology and house-
hold and in their interests in natural phenomena and technology. In comparison
with the boys, the girls have less experience with and interest in physics and
technology but more experience with household orientated activities and more
interest in natural phenomena.

Cognitive ability: Therearenosignificant differencesbetweengirls andboys in
language comprehension and spatial ability, the mean values given in arbitrary
units of sub-scales of standard I.Q. tests (Amthauer 1973) are the same for both
genders (Herzog et al. 1997c: 27).

Self-confidence and general interest in physics: Further data of the entrance
survey indicate that the girls of our sample showsignificantly less self-confidence
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and interest in physics than the boys. Both genders associate physics with male
connotations (Herzog et al. 1997a: 51-60).

Our results confirm that girls and boys - when beginning with their first
physics course in the upper secondary level - show significant differences in
their experiences, self-confidence and interest in physics, but have similar spatial
and language abilities. The data support our assumptionthat gender differences in
attitudes towards and achievements in physics are due to motivational problems
but not to gender differences in gift or talent. The results also back up several of
our teaching strategies and criteria for the development of the learning materials,
e.g. consideration and integration of the different individual preconceptions, rele-
vance of the physics contents for males and females, working on students’ self-
concept related to physics.

Furthermore our data confirmmanyof the results of the studies quoted in the
Introduction, i.e. also those studies, carried out in other western countries and/or
at other school levels (lower secondary; college), show similar sex-differences in
attitude, interest and achievement.

Results and discussion 2: final survey and physics tests

Sensitization of physics teachers

‘Howcan physics teachers become more sensitive towards gender issues and what
circumstances can contribute to anappropriate change in their attitudes andclass-
roompractices?’, is our first research question stated in the Introduction.

Sensitivity for gender issues: In the teacher questionnaire of the final surveyall
teachers of the experimental groups I-III agree - many of themagree strongly -
that they have become more sensitive and that they have got new ideas fromthe
teaching and learning materials. They state that the project as a whole has been
valuable for them. The teachers of the experimental groups IandII emphasize the
value of the training. Theanswers indicate that eachmeasure of the traininghas its
specific value: In the meetings before and during the intervention, teachers learnt
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Table 2. Results of the entrance survey.

Mean values

Girls Boys Level of
Scale n ˆ 384 n ˆ 193 significance

Media experiences in physics 1.7 2.2 ***
Experiences in technology 1.5 2.0 ***
Technology orientated activities 2.0 2.5 ***
Household orientated activities 3.5 2.8 ***
Interests in natural phenomena 4.1 3.6 ***
Interests in technology 2.6 3.1 ***
I.Q.: language comprehension 10.8 11.0 n.s.
I.Q.: cubes and spatial ability 11.4 11.6 n.s.
I.Q.: figures and spatial ability 11.1 11.5 n.s.

x: smaller sample; ***: p<0.001, **: p<0.01, n.s.: not significant



many facts about specific gender problems in physics instruction; the classroom
observations and the peer observations made them sensitive for gender specific
interactions and the interviewyielded a general personal profit concerning gender
issues and helped themto think about their own teaching style.

Transfer to classroompractice: Didtheteachingmaterials andthe traininghave
an effect on the classroom practice of the teachers? The data of the two physics
tests and in particular of the students’ answers in the final questionnaire yield the
following results:

. All teachers of the three experimental groups have taught the physics con-
tents of the two units, ‘geometrical optics’ and ‘kinematics’, including girl
friendly topics that were new or uncommon to them.

. Almost all teachers applied specific teaching methods that had been sug-
gested in the teaching materials, like hands-on activities, project-learning,
and presentations of students. The teachers of the three experimental
groups applied these methods significantly more than the teachers of the
control group.

. Onthe other hand, specific strategies were not appliedas muchas expected
and hoped for, e.g. integration of individual preconceptions, more co-
operation and communication. There are almost no significant differences
between the data of the three experimental groups and the control group.

Influence on students’ attitudes and achievements: The data of our four groups show
almost no significant differences betweenthe groups, as it hadbeenexpected. The
classes of the experimental groups I and II do not performbetter in the physics
tests and do not show more positive attitudes towards physics than the classes of
the experimental group III and even of the control group. There can be several
reasons for this: Thedistributionof the25teachers intothefourgroupswasnotby
chance, but by preferences of the individual teachers. Perhaps the teachers, who
have voluntarily agreed to be part of the control group, are not representative,
because they teach already in a girl friendly manner. Perhaps not all teachers of
experimental groups I and II applied the criteria and strategies sufficiently. The
only small differences between the four experimental groups was the reason that
we made a further analysis based on an a posteriori categorization as described
below.

Our interpretation of all the data above is that physics teachers can become
more sensitive to gender issues by a project like this one: The teachers argue that
discussions withresearchers andcolleagues, peer observations, classroomobserva-
tions and individual feed-back can contribute to their sensitivity; each of these
measures has specific value. We assume that this sensitivity is a necessary but not
sufficient condition for any changes in classroompractices.

New units and teaching materials that are developed by physics teachers in
collaboration with science educators, can support a change in physics instruction:
There is a good chance that new ideas concerning physics contents and teaching
methods will be applied in daily instruction. However, we assume that it needs
more time and more training - as it has been the case inour project - to introduce
specific strategies. The differences between the various groups of the research
project are small or even non existent. Fromour results we do not knowin detail,
to what extent the training of the teachers of the experimental groups I and II has
promoted the application of specific strategies. In the interviews, many teachers
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state that theydonot knowenoughsuitable techniques andspecific examples tobe
able to implement strategies like that to integrate and evaluate students’ precon-
ceptions, to analyse differences and similarities between the mother tongue and
physics language and to enhance communication and co-operation between
students.

Strategies for physics instruction

‘What are criteria and strategies for physics instruction suitable for both genders;
how do these strategies influence students’ attitudes toward and achievements in
physics?’ Regarding this research question, table 3 summarizes several results of
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Table 3. Correlations between teaching strategies, competence of the
teacher, characteristics of the parents, out-of-school activities and
students’ expectations and achievements in physics.

Expectations of the Achievements of the
students at the end of students at the end of

the intervention the intervention

Teaching strategies:
Individual learning process

Integration of preconceptions 0.45*** 0.17***
Physics as an experience 0.37*** 0.10*
Student-orientation 0.34*** 0.01

Physics contents
Everyday physics 0.15*** 7 0.02
Physics and society 0.12** 7 0.06

Teaching methods
Co-operation between students 0.14** 0.09
Discussion among students 0.22*** 0.00
Hands-on activities 0.10* 0.06
Demonstrations 0.10* 0.01
Lectures 7 0.10* 7 0.10*

Teacher
Ability to explain something 0.49*** 0.10*
Contentment with teacher 0.45*** 0.12**
Discrimination of individual students 7 0.27*** 7 0.10*
Authoritarian leadership 7 0.28*** 7 0.09

Parents
Physics knowledge of father 0.23*** 0.01
Physics knowledge of mother 0.32*** 0.01
Importance of physics as seen by parents 0.38*** 0.12**
Expectation of own child’s ability in physics 0.56*** 0.34***

Experiences, activities, interests1
Media experiences in physics 0.25*** 0.13**
Experiences in technology 0.14*** 0.06
Technology orientated activities 0.12** 0.03
Household orientated activities 7 0.09* 7 0.14**
Interests in natural phenomena 7 0.05 7 0.10*
Interests in technology 0.25*** 0.07

1Experiences, activities and interests have been measured in the entrance survey
***: p<0.001, **: p<0.01 *: p<0.05



ouranalysesof the final surveyandof thetwophysics tests. These resultsoriginate
fromthe individual data of all students in our sample, the four different groups of
the researchdesignare no longer distinguished. All data are basedonscales except
for the teaching methods and the parents, where we use single items. The ‘expec-
tationsof thestudentsat theendof the intervention’ are identical to thescalegiven
above in the chapter ‘methods anddata sources’, the ‘achievements of the students
at the endof the intervention’ are measuredby the sumof the outcomesof the two
physics tests in optics and kinematics (Herzog et al. 1997a/c).

We interpret and summarize four main results of the correlation analyses
presented in table 3:

1. High correlation with students’ expectations: There are several significant
correlations between teaching strategies, teachers’ and parents’ character-
istics and the expectations concerning the future physics instruction. The
results confirm that many of our teaching strategies and many of our
criteria for the development of the teaching and learning materials are
appropriate. In particular the integration of preconceptions, the student-
orientation and physics as an experience seemto be highly useful. Also the
contents of physics instruction, i.e. everyday physics and relations to our
society and communication andco-operation betweenstudents are import-
ant as well. The teacher plays a key role, his or her ability to explain some-
thing and the kind of leadership are main factors influencing students’
expectations. Our teaching strategies, entitled ‘interaction and feedback’,
‘self-concept of girls’ and ‘atmosphere and methods of learning’ are con-
firmed.

2. Low correlation with students’ achievements: There are only a few weak
correlations with students’ performance in the physics tests. The only cri-
teria and strategies that are supported by significantly positive correlation
coefficients are the integration of preconceptions and physics as an experi-
ence. All the other criteria and strategies do not show any significant cor-
relation, but also no negative correlation. Therefore, a more positive
interpretation of the data is that students learn as much physics ina course
in which the teacher applies girl friendly criteria and strategies, as in a
traditional course.

3. The important role of the parents: Factors other thanteaching strategies and
the competence of the teacher are decisive as well, e.g. parents, experiences
in technologyandphysics fromeverydaylife. Although it wasnot anaimof
this research project to investigate all the different factors, we analysed at
least the part of the parents. Inaddition to the teacher, theyplaya key role
in influencing students’ expectations and to a lesser degree their achieve-
ments. Inparticular their attitudes towardphysics andtheir expectations of
their own child’s ability in physics are crucial.

4. Factors explaining the expectations: Based on our data of the final and the
entrance survey we developed a model that could explain students’ expec-
tations. It is described in detail elsewhere (Herzog et al. 1997a: 154-159).
The model, that is based both on theoretical assumptions and on LISREL
VII analyses, indicates that four factors can be extracted, which mainly
explain students’ expectations: the integration of preconceptions, the satis-
faction with the physics teacher, the parents’ attitudes toward physics and
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the motivation of the student in physics at the beginning of the physics
course (which has been measured in the entrance survey). Most other fac-
tors can be reduced to these four, e.g. co-operation in groups is not a
strategy per se for a girl friendly physics instruction but only if the group
work helps communicating and eliciting preconceptions.

The analyses above are on the micro-level of the individual students. In order to
test our criteria and strategies on the level of the classes we performed a further
analysis whereby all classes, independent of which group of the research design
they belong, were re-categorized a posteriori. This categorization is based on
students’ judgements about the physics instruction. We used13criteria, tenscales
and three items that can be seen as an operationalization of our strategies. The 13
criteria include e.g. integration of preconceptions, everyday physics, co-operation
between students, student-orientation, discussions and hands-on-activities. If a
criterion’s meanvalue of a class is above the meanvalue of all classes, the criterion
is interpretedas fulfilled. Dependingonthe number of fulfilledcriteria the classes
are re-categorized intofourgroups that wecall ‘criteria groups1-4’. The classesof
group 4 fulfil 9.2 criteria on average i.e. the instruction is very girl friendly; the
classes of group 1 fulfil only 3.3 criteria on average i.e. the instruction is not girl
friendly. In table 4, several mean values of the four criteria groups are presented:
achievements in the physics tests; expectations with regard to the future physics
instruction; teaching strategies and characterization of the teacher.

Withregard toour criteria andstrategies for a physics instruction, that should
be more suitable for girls, we take four results fromtable 4:

(1) Validation of criteria: The 13 criteria and the four a posteriori categories
based on these criteria prove to be useful. In general, there is an increase
(or decrease) of the mean values from group 1 to 4. Two examples:
Everyday physics is taught significantly more in group 4 than in groups
3, 2or 1, there is a continual decrease fromgroup4to1: 2.88 - 2.77 - 2.55
- 2.30. The discriminationof individual students is less in group 4 than in
all other groups, the mean value of group 4 is 1.59, the values of the other
groups are 1.95, 1.86 and 2.01.

(2) Expectations: The students of criteria group 4 show significantly better
results than all other groups. For both genders, there is an almost contin-
uous improvement from group 1 to 4. A physics instruction, in which
several of the mentioned criteria and strategies are applied, is correlated
to higher expectations with regard to the physics instruction in the future.

(3) Achievements: Taking the data of girls and boys together, the students of
groups 3 and 4 show significantly better results than their colleagues of
groups1and2. But analysingthe dataof girls andboys separately, onecan
see a continuous improvement fromgroup 1 to 4 for the boys, but not for
the girls. They performin groups 2, 3, and 4 almost the same.

(4) Gender differences: There are still gender specific differences. In all
groups, the boys show higher expectations and better achievements than
the girls. This holds also for the most girl friendly group, number 4. The
applied strategies seem to improve the expectations and achievements of
girls and boys as well. Therefore the gender differences that are noted at
the beginning of physics instruction in the upper secondary level still exist
after the intervention.
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Conclusions

In this research project, we discussed and evaluated several strategies that should
be effective for girls. Our results indicate that especially the girls’ attitudes i.e. the
expectations concerning physics instruction in the future can be improved by a
collection of strategies. Most effective prove to be the integration of individual
preconceptions, student-orientation (in particular the co-operation between
teacher and students), physics as an experience, discussions among students and
everydayphysics. These results are confirmedin another researchproject that one
of us has performed within the Swiss part of the ‘ThirdInternational Science and
Mathematics Study’ (Labudde and Pfluger in press).

Girls’ achievements inphysics, as tested inconventional tests like ours, canbe
increased by some of the strategies, especially by the integration of girls’ precon-
ceptions. But the improvement of the achievements is definitely less than that of
the students’ expectations withregardto the future physics instruction. It remains
an open question whether the achievements of girls and boys could have been
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Table 4. Teaching strategies (individual learning process, physics con-
tents, teaching methods), expectations and achievements of the four
criteria groups 1-4.

Criteria Criteria Criteria Criteria
Group 1 Group 2 Group 3 Group 4
n ˆ 123 n ˆ 113 n ˆ 99 nˆ 175 Signifi-
6 classes 6 classes 5 classes 9 classes cance

Expectations and achievements
Girls’ expectations 2.09 2.08 2.24 2.50 ***
Boys’ expectations 2.38 2.22 2.48 2.82 ***
Girls’ achievements 77.6 86.6 86.4 84.7 ***
Boys’ achievements 80.2 86.7 97.9 100.7 ***

Teaching strategies:
Individual learning process

Integration of preconceptions 3.12 3.00 3.21 3.47 ***
Physics as an experience 2.29 2.18 2.43 2.56 ***
Student-orientation 2.29 2.12 2.48 2.61 ***

Physics contents
Everyday physics 2.30 2.55 2.77 2.88 ***
Physics and society 3.13 2.89 2.76 2.90 ***

Teaching methods
Co-operation between students 2.10 2.28 2.35 2.32 **
Discussion among students and

hands-on activities 2.54 2.58 2.62 2.62 n.s.
Lectures, demonstrations and

question-answer-method 3.67 3.63 3.63 3.62 n.s.
Teacher

Ability to explain something 2.08 2.22 2.47 3.06 ***
Satisfaction with teacher 2.22 2.42 2.58 3.18 ***
Discrimination of individual

students 2.01 1.86 1.95 1.59 ***
Authoritarian leadership 2.39 2.52 2.39 2.09 ***

***: p<0.001, **: p<0.01, *: p<0.05, n.s.: not significant



changed by a longer intervention. The applied strategies improve not only the
girls’ but also the boys’ achievements in and attitudes toward physics. The eval-
uated kind of physics instruction is effective for both genders. Therefore, the
gender differences that can be seen at the beginning of physics instruction in the
upper secondary level, remain rather the same after our intervention project.
Presumably it needs further strategies in addition to ours to improve not only
students’ achievements and attitudes but to reduce the gender differences, too.

Ourresults clearly confirmthat the physics teachers playa key role inimprov-
inggirls’ (and boys’) attitudes and achievements. It is he or she whohas to imple-
ment the strategies; it is his or her social competence that affects the co-operation
with the students and it is his orher abilityto explainsomething. Fromthe data of
the students’ questionnaires and physics tests, we cannot analyse how far the
training has changed teachers’ attitudes and instruction. But there are several
hints in the data of the teacher questionnaires and interviews that at least their
knowledge about and their sensitivity towards gender issues have increased. Each
part of the training i.e. meetings and discussions, development of teaching
materials, classroom observations and feedback by peers and researchers, inter-
views with researchers, seemto have their specific value.

Physics instruction is embedded in a much broader frame. One might ask,
whether teachers and schools alone, particularly at the upper secondary level, are
able toovercomethegender specificoutcomesofphysics instruction. Forexample,
our results show that parents’ attitudes toward physics and their expectations of
own child’s ability in physics are significantly correlated with children’s attitudes
andachievements inphysics. The improvementof teachingandlearningphysics is
only one part of a larger ‘gender jig-sawpuzzle’ that includes manydifferent parts
of school, family and society. To investigate these different parts and factors and
their influences on physics instruction remains an important research question. It
needs more intervention studies to examine strategies in the classroom, in the
school, in the family and in teacher education for a more gender-balanced physics
instruction.
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