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GENDER DIFFERENCE IN THE SCIENCE CLASSROOM

Jale CAKIROGLU*

ABSTRACT: Much of the discussion and research abo-
ut “equality of educational opportunity” has concentrated
on the differences associated with class, socioeconomic
status, region and race. Somewhat less attention has been
paid to research on gender differences in science than in
mathematics. Several years after the initial intervention
programs in math, researchers began to examine the dispa-
rities in the science achievement of girls and boys. The
low percentage of women in science- and mathematics-
related professions has led to widespread research aimed at
understanding this phenomenon and introducing more
women into scientific and technological fields. Although the
issues of why women do not select science as a career or the
issues of why boys perform better than girls are complex
and very controversial, the purpose of this paper is to exami-
ne the factors underlying the differential participation and
achievement of boys and girls in school science; then dis-
cuss the ways to eliminate gender bias in the classroom.

KEY WORDS: Science education, gender, science achie-
vement, international studies.

OZET: “Egitimde firsat esitligine” yonelik tartigma ve
aragtirmalann ¢ogu, sinif, sosyo ekonomik statii, bolge ve
1k farklihklan iizerine yogunlagsmistir. Fen alamindaki cin-
siyet farki ile ilgili aragtirmalar, matematik alamindaki
aragtirmalara gore daha az dikkat cekmektedir. Matematik
programlarindaki ilk diizenlemelerden birkag¢ yil sonra,
aragtirmacilar kiz ve erkek oOgrencilerin fen derslerindeki
bagar1 farklilifim sorgulamaya baslamslardir. Kadinlarin
fen ve matematik ile ilgili i§ sahalaninda daha az yer alma-
s1, bu durumu anlamak ve daha ¢ok kadim bilimsel ve tek-
nolojik alanlarda ¢aligmaya yoneltmek icin genis caph
arastirmalara yol agmistir. Kadinlarin bilimi meslek olarak
segmemesi ya da erkeklerin kadinlara nazaran daha basa-
ril1 olmas: her nekadar karmagik ve de ihtilafli bir konu ol-
sa da, bu makalenin amaci, erkek ve kiz dgrencilerin fen
derslerindeki basarisimt ve katilimim etkileyen faktorleri
incelemek ve siniflardaki cinsiyet ayinmlarim ortadan kal-
dirmanin yollarim: tartigmaktir.

ANAHTAR KELIMELER: Fen egitimi, cinsiyet, fen ba-
sarisi, uluslararasi caligmalar.

1. INTRODUCTION |

The under-representation of women in pro-
fessional scientific communities is a disturbing
and is not a disputable fact. This differential repre-
sentation of men and women in the scientific
community was foretold by "achievement patterns
already evident in the elementary and secondary
levels" [1]. Indeed, the schools are sometimes bla-
med for this state of affairs, although it is by no
means evident that this is a viable attribution. In
this regard the following question can be addressed:
Is gender difference evident in elementary and se-
condary school science achievement?

1.1 Achievement and Science

The issue of female underachievement in sci-
ence has received some welcome attention in re-
cent research in science education. With increa-
sing evidence that the achievement levels of girls
and women in science are considerably below that
of their male counterparts, especially in postse-
condary enrollment and employment in scientific
occupations, a number of scholars have directed
their attention toward understanding this pheno-
menon and toward suggesting methods to reduce
the inequalities. In doing so they have begun to
look at results of science test performance in order
to understand the general phenomenon of differen-
ces in achievement [2]. For example, the most ex-
tensive data on this have come from the cross-
cultural survey of science achievement done by
the IEA (International Association for the Evalua-
tion of Educational Achievement). The internatio-
nal tests conducted by IEA were used to assess the
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achieved curriculum of each country and to
compare outcomes among countries. The results
of these comparisons and the identification of go-
od policies and practices were expected to provide
guidelines for the future development of science
education programs within countries. The results
of three TEA Science Studies (FISS, SISS and
TIMMS) can be summarized as:

1. It is seen that sex differences have been fo-
und at every grade level and in every subject area
in the written science achievement tests. Most of
the time, this sex difference favoured males.

2. In the First International Science Study

(FISS) in 1970 and 1971 boys consistently
performed better than girls in all countries and the
gap increased as students ascended the school
system and with age. The sex difference was
shown to increase as students progressed through
the school system, and to be greatest for physics,
somewhat smaller for chemistry, and smallest in
biology [3].

3. The Second International Science Study
(SISS) was conducted from 1983 101984 in 24 co-
untries, and showed differences in science achie-
vement favouring boys in biology, chemistry, and
physics for all grade levels (5 to 12), although the-
se differences were smaller than that reported
from the first [EA Study (FISS), and less consis-
tent across countries. These differences not only
exist at all grade levels, but they also exist in
every nation involved in the SISS. For example, it
was found that the U.S. had the fourth largest sex
difference out of 15 countries for grade 5 [3]. The
SISS showed that fifth-grade boys did better than
fifth-grade girls on physical science items in U.S.
However, the fifth-grade girls did better on bio-
logy items [4].

4. The 1995-96 Third International Mathema-
tics and Science Study (TIMMS) is the largest and
most comprehensive international study ever con-
ducted. Students from 41 nations at five different
grade levels were tested in 30 languages to com-
pare their achievement in mathematics and scien-
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ce. Findings showed that boys had significantly
higher mean science achievement than girls at
both the seventh and eighth grades internationally
and in many countries. For many countries the
seventh grade gender differences were somewhat
smaller. In only seven countries were there no sta-
tistically significant differences in science achie-
vement between boys and girls in both grades-
Cyprus, the United States, Singapore, Australia,
Romania, Thailand, and South Africa [S]. However,
gender differences at the third and fourth grades
were much less pervasive than at the seventh and
eighth grades [6]. The science content area data
also revealed that gender differences vary depen-
ding on the science subject. In the seventh, eighth,
fourth and third grades, gender differences in
earth science, physics, and chemistry reflected ad-
vantages for boys. For example, in earth science,
the boys had significantly higher averages than
girls in 17 countries at the fourth grade and in 16
countries at the third grade. In life science for the
items covering environmental issues and the natu-
re of science, girls and boys had similar perfor-
mances at each grades. In life science, there were
very few gender differences in average performan-
ce [5, 6].

Similarly, the 1986 NAEP (National Assess-
ment of Educational Progress) in the U.S. reported
few gender differences at age 9, but boys outper-
formed girls in science achievement and the gender
gap increased as students progressed in school. By
grade 11, the areas of largest male advantage were
physics, chemistry, earth science, and space
science [7].

Beller and Gafni [8] analyzed gender diffe-
rences as revealed by the second International As-
sessment of Educational Progress (IAEP) of mat-
hematics and science assessment of 9- and 13-
year-olds. They found that the gender effects for
science across all participating countries were
substantially larger than those for mathematics
due to the fact that a relatively greater effort has
been made by the various educational systems to
narrow the gender gap in mathematics. In both
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age groups, boys out-performed girls, but the gen-
der gap was larger for 13-year-old students. In ad-
dition, the largest gender differences were found
for earth and space sciences and physical scien-
ces; the smallest difference was found for questi-
ons involving the nature of science.

Kahle and Meece [7] present comprehensive
reviews of the factors contributing to the differen-
tial achievement and participation of boys and
girls in science. They consider individual, cogniti-
ve, attitudinal, sociocultural, home and family and
educational variables. They analyzed many studi-
es on mathematics and science achievement and
found that the gender gap is closing in mathema-
tics achievement but not in science achievement,
especially during the middle school years. Altho-
ugh most boys and girls are enrolled in similar co-
urses during those years, Kahle and Meece [7]
found that the gender gap in science achievement
increases from age 9 to 13. They concluded that
many girls do not have opportunities to learn sci-
ence equal to those of boys. These findings were
corroborated by many other studies [9, 10, 11].

However, findings reveal that gender diffe-
rence is not homogeneous across measures, age
groups, and content areas, which makes it difficult
to draw any general conclusions. For example,
magnitude of gender difference may depend on
many variables such as ability level of the student,
the content area assessed, geographic location of
the school, student’s socioeconomic background.
[7, 12]. In terms of sex differences in science achi-
evement, it is also important to look at how certa-
in factors influence the presence and magnitude of
the differences: single-sex vs. mixed-sex schools,
female vs. male teachers, centralized vs. decentra-
lized school system, and tracking vs. generalized
curricula to name a few. There is some evidence
that some type of gap is due to the nature of the
test as well as to the types of test items used to as-
sess achievement in science. For example, males
on average score higher on objective tests, where-
as females as a group score better on essay tests.
Furthermore, many test items contain references
to games, sports, and other activities that are ba-
sed on boys’ interests (eg. baseball averages, mo-
torcycle mileage, automobile engines).

1.2. Socialization Factors

Since students are a reflection of the values
of our society, they may enter schools with preset
stereotypes already built into their personality.
Without a doubt, family and societal influences al-
ready have made impressions on children before
they start school. Research attributes lower achie-
vement of girls in science to lower parental expec-
tations and encouragement, manifested by a lack
of stimulation and opportunity to explore scienti-
fic phenomena at home as well as at school. This
stereotyped socialization may lead to girls' lack of
understanding in specific content areas of science.

Socialization in the home is one of the factors
that may prevent girls from developing the charac-
teristics that have been associated with those of
scientists, including independence, convergent
thinking, logic and experimentation. Girls are of-
ten socialized into opposite characteristics such as
dependence, nurturance, and passivity [9]. It is
clear that parents can influence their children’s ac-
hievement in science in a variety of indirect and
direct ways. That have important implications for
their academic interest, skills, and attainment. For
example, parents structure the social and physical
environment for boys and girls differently and
tend to buy more scientific games and toys for
their sons than for their daughters [13].

Moreover, another factor limiting girls’ expe-
rience in science may be sex stereotyped careers,
in that children perceive various activities as mas-
culine or feminine [14]. Kelly [15] explains how
the masculine image of science is constructed in
schools. According to her, this masculinity of sci-
ence is often the prime reason that girls tend to
avoid the subject at school. She notes three ways
in which science is seen as masculine: (1) school
science is masculine in terms of the disproportio-
nately large numbers of males who study and te-
ach it, (2) the bias toward males in the way in
which curriculum materials are presented and pac-
ked offers an image of science as exclusive to ma-
les, (3) a male-oriented pattern of classroom inte-
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raction contributes to the masculine image of sci-
ence. She argues that image, largely defined by
sociocultural influences, is reproduced in schools,
where it discourages girls from active participati-
on in science. In society at large, female scientists
have had very low visibility. Young children thus
tend to believe that scientists should be male. For
example, when researchers have asked to children
to draw pictures of scientists, most of children
think of scientists as men.

1.3. Classroom Experiences

Both inside and out of classrooms, males ha- .

ve more opportunities to experience science [9]. A
number of studies have suggested that even within
the classroom, males and females receive very dif-
ferent education [10,16]. This causes development
of low self-esteem among girls. Since low self-
esteem hampers girls’ aspirations and actions,
girls often dream less, risk less, and try less when
the time comes to make crucial decisions about
courses of study and choices of careers. It is clear
that adults, including teachers, demonstrate less
faith in girls’ abilities than they do in boys’ abiliti-
es, causing girls to lose their sense of academic
self-esteem as they grow [17].

It is claimed that schools, teachers, and scho-
ol curriculum encourage girls to adopt passive and
dependent behaviour and males to adopt aggressi-
ve and independent behaviour. Differential treat-
ment by teachers and the ways that boys and girls
interact and participate in the science classroom
have also been shown to contribute to gender dif-
ferences in performance and interest in science.
One explanation for the differential treatment by
teachers is their perception that boys have stron-
ger scientific abilities than girls. Girls receive sig-
nificantly less praise, direct questions, and behavi-
oural warnings from their teachers [18]. They also
call out less often in class and ask fewer procedu-
ral questions [9]. Furthermore, research also sho-
wed that boys received more feedback from their
teachers as compared to girls [19,20]. Through ob-
servations in the classrooms, Sadker and Sadker
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(20) found the type of feedback given by the teac-
her to be significantly different based on the sex
of the students: “Boys were more likely to be prai-
sed, corrected, helped and criticized-all reactions
that foster student achievement. Girls received the
more superficial ‘okay’ reaction, one that packs
far less educational punch” [20, p.55]. Not recei-
ving an equal share of teacher attention and qua-
lity responses eventually inhibits the girls' willing-
ness to volunteer to answer questions or led a de-
monstration. These classroom interaction patterns
result in greater opportunities for boys than girls
to learn in science and may reflect favourable ac-
hievement expectations for boys [7, 9].

More than 20 years of research on teachers’
interactions with children show that teachers do
treat girls and boys differently and those differen-
ces have startling effects on the children [11].
Becker [10] proposes a three-step pattern to expla-
in the observed gender differences in classroom
interactions. She suggests that teachers hold diffe-
rent expectations for their students based on gen-
ders; they subsequently treat their students diffe-
rently based on these expectations, and the stu-
dents respond differentially in class in accordance
with the sex-role expectations of their teachers
and society. Unfortunately, most teachers are una-
ware of their differential treatment of students ba-
sed on gender.

Another classroom factor that differentially
affects girls and boys is the type of instruction.
Tobin and Garnett {21] report that whole-class ac-
tivities tend to be dominated by high-achieving
boys. Research consistently shows that most girls
prefer and take a more active role in cooperative,
rather than competitive, learning activities, while
males expressed a stronger preference for compe-
titive learning and for individualized learning
[22]. In addition, boys and girls have vastly diffe-
rent science-related experiences outside school,
which contribute to the gender gap in science ac-
hievement [14]. Visits to science museums, scien-
ce activities associated with scouting and enroll-
ment in extracurricular science classes are more
common among boys than girls [23].
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In addition, girls generally develop a set of
attitudes and beliefs that do not promote high le-
vels of achievement and participation in science.
Attitudinal factors are one of the contributing fac-
tors to the lack of women in science courses and
careers. Girls’ attitudes toward science, science
classes, and science careers are the result of their
educational experiences and activities as well as
other social and cultural factors. For example,
compared with boys, girls often have less confi-
dence in their academic abilities, lower achieve-
ment expectations, less interest in challenging ac-
hievement activities, and more debilitating pat-
terns. Studies showed that when boys and girls are
paired to do science experiments, the boys might
do most of the work while the girls watch. In addi-
tion, boys may volunteer and be selected for sci-
ence demonstration but girls may not because of
less confidence [14, 7].

Research reported that particularly in the
physical sciences, the illustrations, examples, and
applications presented in resource materials are
more familiar in general to the experiences and in-
terest of males than those of females. For examp-
le, there are many examples used in science that
contain references to games, sports, and automobi-
le engine based on boys' interest.

Further, the most gender-balanced associati-
ons result from the use of language which specifi-
es both "he” and "she" rather than the gender-
unspecified “they" [24].

2. IMPLICATIONS AND
RECOMMENDATIONS

In the1980s, intervention programs and rese-
arch studies, for example, in the U.S., Australia,
and U.K. were done focusing on (a) demasculini-
zing and demystifying science, usually by exposu-
re to role models and career information, (b) imp-
roving girls’ self-confidence and self-perceptions
of their ability to do science, (c) implementing te-
aching strategies that actively involved girls in
science lessons, and (d) developing girls’ skills of

doing science [7]. For example, during the 1970s
and early 1980s as many as 600 programs aimed
at improving the quality and quantity of science
and mathematics education for females were deve-
loped and implemented in the United States [24].
Generally, intervention programs have been fairly
successful in identifying specific factors that influ-
ence girls’ self-confidence and retention in scien-
ce courses. However, they have been less success-
ful in identifying specific factors that contribute to
the continued and growing achievement gap bet-
ween girls and boys in science.

Nowadays, we also know that in the develo-
ping world greater intervention to improve girls’
self-confidence and achievement in science is ta-
king place. All young people should be given the
opportunity to be part of the pool of future scien-
tists and technologists and to be scientifically lite-
rate citizens.

In order to improve gender equity in science
education, Parker et al. [24] propose that a broad-
based science course, including physics, che-
mistry, biology, astronomy, geology, and health,
should be compulsory in the school curriculum
since gender biases influence the choices made.
Further, curriculum structure should allow time
for young people to reflect on, and to challenge,
gender stereotypes within their culture. In additi-
on, the school curriculum should include conside-
ration of gender stereotypes and career education
aimed at breaking down these stereotypes. Curri-
culum development must be informed by the rese-
arch evidence because gender bias can enter curri-
culum materials through the type of language
used, the choice of examples, the background ex-
periences, interests, the learning style implied, and
the way in which the subject field is projected. In
particular, it is suggested that career education
materials include case studies of successful wo-
men scientists and technologists. Further, to facili-
tate policy implementation, education programs
could be established to enable administrators,
school governors, teacher educators, and teachers,
first, to become aware of the ways in which gen-
der stereotyping can cause disadvantages in scien-



132 Jale Cakiroglu J.of

ce education and, second, to develop skills to help
counter gender stereotyping. For example, the
study of gender and education interactions could
form a component of teacher education courses at
both preservice and in-service levels. It is also ne-
cessary that data on any sex differences in achieve-
ment in science and course participation at all le-
vels of academic, professional, and vocational edu-
cation should be collected systemically and publis-
hed. This provides useful information for curricu-
lum development and revision and for the design of
teacher-constructed tests and formal external exa-
minations. Where the education system employs

inspectors or advisors to monitor educational prac-

tice, such persons need to be aware of gender inte-
ractions with teaching, learning, and assessment.

An understanding of the role of the teacher in
contributing to sex differences in science achieve-
ment is critical. If teachers treat students diffe-
rently in science classes, this differential treat-
ment may affect the decisions the students make
about their future coursework and careers. Teac-
hers may be unaware of bias in their interactions
with boys and girls and deny that it exists. There-
fore, teacher evaluators and preservice educators
should watch for teaching styles that reflect gen-
der bias and assist teachers in recognizing diffe-
rential student treatment. In cases where students
are perpetuating sex-role stereotypes in the scien-
ce classroom, the teacher can intervene and insure
that girls participate equally in laboratories and
other classroom activities. The underlying issue is
not only educational equity but also recognition of
the need for scientifically literate members of
both sexes in the twenty-first century [9].

3. CONCLUSION

The encouragement (or discouragement) girls
receive at home and at school, and their percepti-
on of science classes, activities, and careers as
masculine, their lack of extracurricular activities
and their narrow view of science all contribute to
their perception of science as something relatively
useless in everyday life and an unlikely future ca-
reer choice [14].
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The results of studies showed that males are fa-
vouring, especially in the physical science. Howe-
ver, issues such as why women do not select science
as career or why boys perform better than girls are
not yet well explained. If gender difference in scien-
ce learning is to be explained and not merely descri-
bed, it is necessary to consider not only manifest dif-
ferences in science achievement, but differences in
determinants of achievement as well.

Science educators at all levels, curriculum
developers, teacher trainers, and teachers should
make a special effort to relate science areas to
girls' fields of interest and should challenge false
stereotypes at home, in school, and in the society
at large. Motivating curricula, deliberate teacher
attention to girls in science and technology and
success of females in science should be our imme-
diate goals for the coming years in science educa-
tion everywhere [12].

Parents and educators need to understand the
importance of improving performance in science.
Role models, both in and out of school, are a cru-
cial factor in encouraging the greater involvement
of girls in the sciences, thereby improving their
performance in this subject. The more women as-
sume roles of instruction and leadership in the
exact sciences and conduct research in these fi-
elds, the more likely that young girls will follow
in their footsteps.

In Turkey, women were under-represented
for a long time because of cultural factors. Wo-
men’s ideas, positions, and ways of knowing and
thinking have traditionally been devalued by our
society. However, this situation has been chan-
ging over time.

Unfortunately, educators, curriculum develo-
pers, academicians and teachers do not make too
much special effort to increase girls’ participation
and achievement in science. All of these recom-
mendation proposed by Parker et al., [24] can be
easily implemented in Turkey. In order to be suc-
cessful, there is need for a strong academic emp-
hasis, financial support, strong leadership and
committed teachers and reliable data showing sex
difference in students' participation and achieve-
ment in science classroom.
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For educators, pre-service and in-service acti-
vities should be prepared to show the importance
of gender issues in the schools. In order to truly
remove gender discrimination within our schools
educators should examine their attitudes, beliefs
and practice within their classrooms.

Teachers should examine how gender bias is
found not only within curricula and instructional
material they use, but also in their daily interacti-
ons with students. Effective teachers are aware of
gender differences and are able to establish class-
rooms wherein neither gender is at an disadvanta-
ge. On the other hand, if the value and position of
Turkish women in society and at home does not
change, it is difficult to be successful in schools.
The problem should be considered not only in
schools but also in society, since children reflect
values of our society. The most important messa-
ge that educators can relate to their students seems
to be that anyone can achieve anything in their li-
ves, regardless of sex.
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