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Ameliorating Gender Differences in Attitudes 
about Science: A Cross-National Study I 

Jane But ler  Kahle  2 and L~onie J. Rennie  3 

The outcomes of two studies reported here indicate that the teacher inservice workshops, 
combined with activity-based science lessons, affected students' attitudes and perceptions 
about electricity. Australian and U.S. studies produced different patterns explored and ex- 
plained in the paper. 
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BACKGROUND 

For over two decades researchers have at- 
tempted to elucidate factors affecting the confidence 
and competence of girls to do scientific and techno- 
logical subjects. In addition, over a decade of inter- 
vention projects have attempted to ameliorate any 
differences between girls' and boys' interest and 
achievement levels in science and technology. 

Recently, research has identified interesting 
contrasts between girls' and boys' attitudinal, inter- 
est, and self-confidence patterns toward science. For 
example, both achievement and attitude show in- 
creasing gender differences from age 9. In the third 
grade both girls (67%) and boys (66%) respond that 
they think what they learn in science class is useful 
in everyday life. In seventh grade, both boys' and 
girls' responses continue to be fairly high (54% and 
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57%). However, boys retain that positive attitude 
through senior high school while girls' perceptions 
of the utility of science fall by 11% during those 
years (HRI, 1989). Data from the most recent Na- 
tional Assessment of Educational Progress (NAEP) 
show that 81% of boys, compared to 78% of fourth- 
grade girls, respond that they like science. However, 
by grade 8 a gender gap has occurred with 72% of 
boys, compared to 64% of girls, responding posi- 
tively. By senior year in high school, girls' positive 
responses have fallen another 7% to 57%, while af- 
firmative answers by boys are risen by 2% to 74% 
(Jones et al., 1992). 

The deterioration in attitudes about and inter- 
est in science by girls is paralleled by a decline in 
their performance. It may be documented that girls 
simply stop doing science, particularly physical sci- 
ence, sometime during upper elementary school. For 
example, between ages 9 and 13 the number of girls 
who have "tried to fix something mechanical" de- 
clines, while the number of boys doing those activi- 
ties rises dramatically (Mullis and Jenkins, 1988). In 
the NAEP survey of science, 9-year-old boys and 
girls score approximately the same at all four profi- 
ciency levels, but by age 13, girls fall behind boys at 
the upper two levels (ability to analyze scientific pro- 
cedures and data; ability to integrate specialized sci- 
entific information), and they continue to lag behind 
boys through high school (Mullis and Jenkins, 1988). 
According to the most recent science assessment, 
twice as many twelfth grade boys (13%) as girls 
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(6%) are able "to integrate scientific information" 
(Jones et al., 1992). 

Using data from NAEP, two secondary analyses 
teased out explanations for the achievement and at- 
titudinal differences. First, Kahle and Lakes (1983) 
showed that 9-year-old girls expressed desires similar 
to those of boys when they were queried about what 
science activities they would like to do. However, 
when asked what science they had done, responses 
showed that boys, compared with girls, had had more 
opportunities to use scientific equipment, to perform 
science experiments, and to take science-related field 
trips. In the second study, Linn and others analyzed 
the response patterns for achievement items and 
found that at all age levels tested (9, 13, and 17 
years), girls significantly more often than boys se- 
lected the "I don't know" response (Linnet al., 1987). 
Whereas boys were willing to risk guessing, girls were 
less willing to take a chance. That difference in se- 
lection pattern accounted for a considerable amount 
of the achievement difference between girls and boys. 

Recently, projects and research have focused 
on elementary schools where the decline in girls', 
compared to boys', attitudes and confidence levels 
begins. Researchers have related the formation of 
students' interest in science to the amount and kind 
of science taught in the elementary school (Kelly, 
1982; Ormerod and Wood, 1983). It has become evi- 
dent that performance in science interacts with stu- 
dents' out-of-school science-related experiences, 
particularly those in physical science (Johnson, 1987; 
Kahle and Lakes, 1983). 

Furthermore, the role of the teacher in influ- 
encing students' perceptions about and confidence 
in doing science has been noted ((McMillan and 
May, 1979; Simpson, 1987). Harlen (1985) has 
drawn attention to the need for equitable teaching 
strategies and science experiences in the elementary 
schools if girls are to participate equally in science. 
(Equitable teaching strategies refer to those for 
which girls and boys indicate similar preferences. 
Generally, they result in fewer discrepancies be- 
tween girls' and boys' attitudes, confidence, or 
achievement levels in science.) Research has also 
shown that certain instructional techniques are more 
likely to be equitable (Galton, 1981; Johnson and 
Johnson, 1987; Kahle, 1985). Briefly those tech- 
niques involve the use of cooperative learning 
groups, laboratories, and discussions. Of equal im- 
portance may be an increase in the time girls spend 
manipulating equipment and in doing experiments, 

activities that will augment their lack of out-of- 
school science experiences (Kahle and Meece, 
1992). In addition, active participation in science is 
motivational for most students (NRC, 1990). 

There are, however, substantial institutional and 
structural barriers to activity-based instruction. First 
of all, elementary teachers have had little, if any, ex- 
perience with the processes of science in university 
science classes (NRC, 1990). Second, the prerequisite 
supplies and equipment for teaching process science 
are unavailable in many elementary schools. Third, 
space for teaching elementary science is a concern. 
Recent data show an increase in the number of ele- 
mentary classrooms without science facilities. Science 
is most often taught in self-contained classrooms with 
portable science materials (56% of K-3 and 53% of 
4-6 classrooms) (HRI, 1989). Therefore, materials 
may not be available when questions arise, or consu- 
mables, used by another class, may not be replaced 
in a timely manner. Furthermore, objects and/or 
equipment cannot be retained in a classroom in order 
to allow students to make prolonged observations and 
measurements. Last, elementary teachers are uncom- 
fortable with a process approach to science, and in- 
adequate teacher backgrounds in science often result 
in an overreliance on texts and lectures. 

PURPOSE 

This paper describes a project, originally done 
in Australia and reproduced in the United States, 
that attempted to identify school-related factors that 
affected children's confidence and interest in science. 
Considerable literature had led the researchers to the 
conclusion that teachers' and students' attitudes 
could be affected by teachers' lack of knowledge and 
skills in science and/or by the lack of information 
about and practice of equitable teaching strategies. 

The two studies (Kahle et al., 1992; Rennie et 
aL, 1985) implemented teacher-intervention pro- 
grams designed to enhance teachers' skills in teach- 
ing a science and technology topic in an equitable 
way. Both studies provided workshops focused on 
skills and/or equity in science teaching at the ele- 
mentary level. Their purpose was to test the efficacy 
of workshops to provide teachers with attitudes and 
skills to teach science in an equitable way. The suc- 
cess of the workshops was judged in terms of the 
change in teacher reports about their own skills and 
attitudes but, more importantly, in the equality of 
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outcomes in terms of students' enjoyment and per- 
ceived self-competence in doing science. The spe- 
cific purpose  of this paper  is to compare and 
contrast American and Australian male and female 
students' interests and self-confidence levels in sci- 
ence before and after the teacher workshops. The 
questions answered in this paper are: What patterns 
of interest do 9-year-old boys and girls have in sci- 
ence in general and in electricity in particular? What 
attitudes and perceptions about electricity do stu- 
dents have after instruction in this topic? Are stu- 
dents' attitudes and perceptions related to the kind 
of workshop attended by their teacher. 

DESIGN OF THE STUDIES 

The Australian study was conducted with 18 
fifth-grade teachers and their students in a metro- 
politan school district. Ten teachers (five male and 
five female) participated in a two-day workshop 
designed to enhance their ability to teach electricity 
in a gender-equitable way (skills/equity). Eight 
matched teachers (four males and four females) 
formed a control group and received only that sec- 
tion of the workshop (one half day) that focused on 
the skills of teaching electricity (skills). The science 
and technology topic of electricity was chosen be- 
cause the teachers indicated less experience and 
confidence with teaching it, compared to other top- 
ics (plants, animals, and matter). Pretest and post- 
test questionnaires for both teachers and students, 
together with classroom observations of the teaching 
of the electricity topic, were used to assess the im- 
pact of the inservice workshops. The project and its 
results are fully reported by Rennie et al. (1985). 

The United States study was carried out with 
23 fourth- and fifth-grade teachers in a metropolitan 
area in the Midwest. Their classes were mixed Cau- 
casian (52%) and African-American (48%) students, 
in contrast with the Caucasian Australian sample. The 
United States study both replicated and extended the 
Australian study by using three types of workshops: 
science skills, science skills and equitable teaching 
strategies, and equitable teaching methods only. All 
workshops were a full day and were followed by a 
second half day of instruction. The U.S. sample con- 
sisted of eight teachers in the skills group, eight teach- 
ers in the skills/equity group, and seven teachers in 
the equity group. The impact of the workshops was 
evaluated using methods similar to those of the Aus- 

tralian study. More details of the study's design and 
implementation are given by Kahle et al. (1992). 

The skills/equity workshop in the U.S. study 
closely paralleled the one provided to the Australian 
teachers. However, supplemental information and 
activities were included in the other two workshops 
in order to provide all groups of teachers with the 
same amount of instructional time. In both countries 
the skills/equity workshop included an introduction 
to gender issues by an international expert. In addi- 
tion, teachers were introduced to research concern- 
ing teacher-student interaction patterns, wait time, 
and cooperative learning. Using video tapes, they 
practiced simple observational procedures  that 
would allow them to identify any gender differences 
in their own teaching. In addition, they spent a half 
day doing the electricity activities. Teachers in the 
skills group also spent a half day practicing with the 
electricity activities (similar to the Australian study); 
U.S. teachers also participated in a unit on teaching 
classification in biology. The equity group, an addi- 
tional treatment group in the U.S., had the same eq- 
uity instruction as the skills/equity group as well as 
an additional half-day during which gender differ- 
ences in spatial abilities, role models, and career in- 
formation were discussed. 

DATA COLLECTION 

In both studies, students' attitudes and percep- 
tions about science and, in particular, electricity, 
were investigated using questionnaires. The initial 
questionnaire was given prior to the teaching of 
electricity and the final questionnaire was given 
within two weeks of its completion. 

Initial Questionnaire 

The major purpose of the initial questionnaire 
was to establish baseline information about students' 
interests in science, in general, and in electricity, in 
particular. The first part of the questionnaire con- 
tained a general science interest scale of 16 items 
with a rating scale response format. The scale was 
developed for the Australian study after considera- 
tion of the kinds of science-related hobbies likely to 
be engaged in 9- and 10-year-old students and an 
examination of the science curriculum. There were 
four items relating to each of the topics, animals, 
plants, matter, and energy, which were the four con- 
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Table I. Mean  Responses  to General  Science Items on Children's  Initial Quest ionnaire,  Austral ian and U.S. 
Studies a 

Males Females  

Mean  SD Mean SD t 

How much would you like to find out  
1. how iron ore is made  into steel (Aus.) 2.87 1.02 2.45 0.99 5.77 **b 

(U.S.) 2.74 1.05 2.67 1.07 0.84 

2. how electricity makes  the television work 3.45 0.80 3.13 0.90 5.15"* 
3.22 0.99 3.19 1.00 0.38 

3. how compost  helps plants to grow better 2.33 1.08 2.64 1.00 -4.13"* 
2.27 1.07 9..58 1.11 -3.58** 

4. how germs make  you sick 2.95 1.10 3.25 0.98 -3.96** 
2.92 1.15 3.32 1.00 -4.77** 

How much do you like to do 
5. experiments  with earthworms 2.70 1.08 2.44 1.12 3.36** 

2.83 1.20 2.31 1.23 5.49** 

6. experiments with shadows 2.40 1.04 2.55 1.04 -2.10" 
experiments  with gravity 3.61 0.78 3.27 0.97 4.96** 

7. experiments  with seeds 2.53 1.08 2.98 0.94 -6.20** 
2.48 1.10 Z86 1.02 -4.61"* 

8. experiments  with water 3.19 0.96 3.25 0.89 -0.88 
3.06 1.06 3.23 0.97 -2.21" 

How much do you like to do science work 
9. about the weather 2.55 1.06 2.47 0.94 1.11 

2.69 1.11 2.81 1.06 -1.44 

10. about moths,  butterflies and caterpillars 2.60 1.11 3.06 0.97 -6.07** 
2.82 1.14 3.13 1.03 -3.60** 

11. about  wheels and motors 3.55 0.81 1.91 1.01 24.83** 
3.27 1.00 2.17 1.12 13.23"* 

12. about mush rooms  and toadstools 2.19 1.11 2.65 1.08 -5.77** 
2.17 1.14 2.26 1.13 -1.11 

How much would you like to 
13. collect rocks and minerals 3.07 1.02 2.85 1.07 2.94** 

2.83 1.12 2.90 1.11 -0.80 

14. make working models  from Lego or other  kits 3.74 0.64 3.03 1.03 11.63"* 
3.50 0.88 3.30 0.98 Z76"* 

15. grow your own vegetable or flower garden 2.73 1.07 3.52 0.74 -11.81"* 
2.62 1.18 3.42 0.88 -9.93"* 

16. look after mice or goldfish as pets 3.38 0.90 3.64 0.70 -4.48** 
2.77 1.13 2.92 1.13 -1.48 

aKey: 1, not  at all; to 4, a lot. 
b*p < 0.05; **/9 < 0.01. 

tent areas of the local science curriculum. Each item 
asked students how much they would like to do a 
certain activity and the four-point response format 
ranged from "not at all" to "a lot." 

The second part of the initial questionnaire 
concerned the electricity unit. Five items asked stu- 
dents how much they would like to do certain ac- 
tivities that would be covered in the unit. The 
response format was the same as that used in the 
general science part. The third and final section of 
the initial questionnaire asked students whether, if 
they wanted to, they could be a scientist when they 

grew up. They were asked to write a reason for their 
response. The details of the development and pre- 
testing of the scale are reported by Rennie et aL 
(1985). 

The U.S. study used the same initial question- 
naire with minor changes in wording to reflect local 
idiom; for example, the word flashlight was substi- 
tuted for the word torch. In addition, item 6 was 
changed from "How much would you like to do ex- 
periments with shadows?" to "How much would you 
like to do experiments with gravity?" as this was 
more suited to the local curriculum. 
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Fig. 1. Differences between boys' and girls' mean scores on the general  science 
items for the Australian and U.S. studies. 

The Development of the Final Questionnaire 

The final questionnaire served to measure 
students' responses to, and perceptions about, the 
electricity unit. The first four items of the final ques- 
tionnaire asked how much students enjoyed particu- 
lar activities that were experienced during that unit. 
Three of these items were also on the initial ques- 
tionnaire, and the response format was the same for 
both questionnaires. The next three items asked stu- 
dents to rate how good were "most boys," "most 
girls," and "you" at working with the electrical 
equipment. The four response choices ranged from 
"hopeless" to "really good." Two questions asked 
students how much they enjoyed the electricity topic 
and how hard they found it. The final two questions 
asked whether students thought that women could 
learn to become electricians and whether "you" 
could learn to be an electrician if you wanted to. 
The same final questionnaire was used in the U.S. 
study, again with small changes in wording. 

RESULTS 

Analysis of Initial Questionnaire 

The initial questionnaire was completed by 394 
boys and 373 girls in fifth grade in the Australian 

study, and by 354 boys and 314 girls in fourth and 
fifth grades in the U.S. study. The initial question- 
naire was analyzed on an individual item basis, be- 
cause it was desired to obtain information about a 
range of interests of boy and girl students (Rennie 
and Parker, 1987). In both studies, students were 
found to have a high interest in science, averaging 
at just below three on the four-point'scale. Item 
means and standard deviations for the two data sets 
are reported in Table I together with the results of 
repeated t tests to determine the extent of sex dif- 
ferences. For the Australian data, the overall item 
means for boys and girls, respectively, were 2.98 and 
2.86. The matching figures for the U.S. data were 
2.86 and 2.90. It can be seen that boys and girls, 
overall, have very similar levels of interest in science 
but, as Table I shows, the patterns of science interest 
are different. 

Figure 1 charts the differences between the 
means of boys and girls in the two studies. Three 
points can be made. First, the disparities between 
boys and girls are generally smaller in the data from 
the U.S. study. In particular, item 14 which referred 
to the building of models from Lego or other kits 
has a smaller sex difference. The Australian data are 
seven years older than the U.S. data, and Lego is 
much more common now than it was then, and it is 
possible this gap has since narrowed in Australia. 
Second, the items concerning motors and gardens 
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(items 11 and 15) are the two with the greatest dif- 
ferences, and it is tempting to invoke the dichotomy 
of physical and biological sciences to explain this 
pattern of sex differences. However, and this is the 
third point of interest on the graph, there are many 
items where there are no significant sex differences, 
and these include items describing activities con- 
cerning water, weather, rocks and minerals, and 
mice and goldfish. 

The second part of the initial questionnaire 
contained five items referring to electricity and re- 
suited in students expressing high levels of interest 
in the activities described. Table II reports the 
means, standard deviations and the results of t tests 
for the two studies. In each data set, boys expressed 
more interest than did girls in the five activities, but 
these differences did not always reach statistical sig- 
nificance in the U.S. study. 

In response to the final question of the initial 
questionnaire, more boys than girls expressed the 
belief that they could be a scientist if they wanted 
to. In the Australian study, the percentages of boys 
and girls responding "yes" were 54.8% and 48.2%, 
respectively, and the corresponding percentages for 
the U.S. study were 73.5% and 58.6%, considerably 
higher figures. The reasons given by the students 
were varied, but similar, between the two sets of re- 
suits. Positive responses tended to reflect students' 
interest in science and their belief that they could 
do it, while negative responses were attributed to a 
lack of interest in science or a belief that it was too 
difficult. A number of students claimed that they 
had already chosen a different career. In general 
terms, the reasons given by boys were similar to 

those given by girls, but boys were more likely to 
say they were good at science, while girls were more 
likely to say they did not know much about science 
or assumed they would not be good at it. 

The analyses reported above used the individ- 
ual student as the unit of analysis. This is appropri- 
ate because a composite description of students' 
interests was required, and students were mixed in 
the sample as they were in the population. However, 
in the analysis of the final questionnaire, compari- 
sons needed to be made between a smaller number 
of classes taught by teachers in the different treat- 
ment groups, comparisons for which the class might 
be a more appropriate unit of analysis. Students in 
the same class would have had some similarity in 
their background science experiences, especially 
those that occur in connection with the school sci- 
ence program. Consequently, analyses of variance 
were used to determine whether there were system- 
atic differences between the nature of students' re- 
sponses to the initial questionnaire and their class 
membership and the sex of their teacher. In both 
sets of data, no systematic significant differences 
were found in students' interests that were related 
to the sex of their teacher, nor was there interaction 
between students' sex and the sex of their teacher. 
However, there were significant differences associ- 
ated with class on nearly every item in the Austra- 
lian da ta  and most  i tems in the U.S. data .  
Interaction effects were not significant. Overall, 
these results suggest that class membership is a vari- 
able that should be taken into account when ana- 
lyzing childrens' attitudes about science. 

Table II. Mean Responses  to Electricity Items on Children's  Initial Questionnaire,  Austral ian and U.S. 
Studies a 

How much would you like to 

Males Females  

Mean  SD Mean SD t 

1. Work out  ways to make  a (Aus.) 3.28 0.92 2.74 0.94 8.03 **b 
flashlight bulb light up? (U.S.) 3.22 1.04 Z83 1.10 4.64** 

2. Test  things to see if electricity 3.38 0.90 2.90 1.00 7.01"* 
passes through them? 3.38 0.96 3.01 1.10 4.67** 

3. Cut up a battery and flashlight 3.46 0.86 3.12 1.03 4.94** 
to see what 's  inside it? 3.31 1.00 3.24 1.05 .87 

4. Make your own switch to turn a 3.58 0.79 3.25 0.94 5.21"* 
light on and off? 3.23 1.06 3.25 0.98 - .26 

5. Do an experiment  to see how 2.85 1.02 2.58 0.98 3.82** 
brightly a flashlight can shine? 2.99 1.10 2.92 1.09 .81 

aKey: 1, not  at all; to 4, a lot. 
b**p < 0.01. 
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Analysis of the Final Questionnaire 

The data from the final questionnaire provided 
the basis for making comparisons between boys and 
girls in terms of their attitudes about the electricity 
topic, and from those results, inferences could be 
made about the treatment effects. All analyses were 
based on the class as the unit of analysis because of 
the class-related differences found in the analysis of 
the initial questionnaire. (Although there is a loss 
of degrees of freedom, and hence power of the F 
test, the means are associated with smaller standard 
errors because they are calculated from aggregated 
data. Also, the treatment groups cannot be assumed 
to be statistically equivalent. In the Australian study, 
the research classes were chosen and assigned ran- 
domly to t r ea tment  groups, but the loss of two 
classes from the skills-only group invalidated the as- 
sumption of equivalence. In the U.S. study, it was 
not possible to assign classes randomly to treatment 
groups, so in this data set also, it cannot be assumed 
that groups are equivalent.) Because the treatment 
groups were not equivalent, item mean scores were 
not a valid means of comparing among treatment 
groups. However, if differences between the scores 
of boys and girls were the basis of comparison be- 
tween groups, then the extent of this difference 
would suggest where more equitable teaching strate- 
gies had been applied successfully. This strategy also 
offered a way of making comparisons between the 
results of the Australian and U.S. studies. 

The differences in scores between girls and 
boys were analyzed by subtracting the girls' mean 
score from the boys' mean score for each class and 
using these difference scores as the criterion meas- 
ure. In the Australian study, two-way fixed-effects 
analysis of variance was then used to test for effects 
associated with treatment group and sex of teacher. 
Sex of teacher was not a factor that could be con- 
sidered in design of the U.S. study because the num- 
ber of male teachers  was small and it was not  
possible to assign male teachers to each treatment 
group. Hence, one-way analyses of variance search- 
ing for treatment effects were used. 

Students' Enjoyment of the Electricity Topic 

The first four items of the final questionnaire 
asked students how much they enjoyed particular ac- 
tivities experienced during the electricity topic. Each 
item was scored 1-4. The items were summed to 

Table IIL Mean Item Scores for Students' Enjoyment of 
Activities During the Electricity Topic a 

Australian study U.S. study 

Treatment group Males Females Males Females 

Activities scale 
Skills 3.43 3.13 3.45 3.27 
Skills/equity 3.36 3.34 3.34 3.48 
Equity 3.47 3.49 

Enjoyment (item 8) 
Skills 2.59 2.35 2.56 2.50 
Skills/equity 2.45 2.51 2.47 2.62 
Equity 2.59 2.61 

aKey: Activities scale i tems--l ,  not at all; to 4, a lot. Enjoyment 
i tem--l ,  less; to 3, more. 

form a short activities scale, measuring enjoyment 
of electrical activities. Table III reports the mean 
item score on this scale, together with the mean 
scores for item 8, which asked students whether they 
enjoyed working with the electrical  equ ipmen t  
"less," "as much," or "more" than they thought they 
would. This item was scored 1-3. 

Whether or not the students enjoyed the topic 
can be judged from two sources of data. First, the 
means in Table III for both studies indicate that stu- 
dents scored over 3 (on the four-point scale) on the 
items of the activity scale and well over the midpoint 
of 2 on item 8. There is a tendency for boys to have 
scored higher than girls in the skills-only group for 
both studies, but clearly all students enjoyed the 
topic. The second source of data comes from com- 
parison with the results from the initial question- 
naire. Some of the items in the final questionnaire 
(items 1, 2 and 4 in the Australian study and items 
1 and 2 in the U.S. study) were also included in the 
initial questionnaire, where they were presented as 
"How much would you like to . . .?" rather than 
"How much did you e n j o y . . . ? "  In both studies, the 
results from the initial questionnaire revealed sig- 
nificant differences in favor of boys (see Table II), 
but these differences are not significant for the final 
questionnaire. Girls enjoyed these specific activities 
more than they anticipated at the time of the initial 
quest ionnaire.  In contrast ,  boys' en joyment  was 
about the same or even less than anticipated. 

Table IV presents the mean differences be- 
tween boys' and girls' scores on the common items 
for the initial questionnaire and the final question- 
naire, and it can be seen that the consistent positive 
differences (that is, male means higher) at the time 
of the initial questionnaire have disappeared. Posi- 
tive differences on the final questionnaire are asso- 
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Table  IV. Mean  Di f fe rences  be tween  Males '  and Females '  
Responses to Items Common to the Initial and Final Ouestion- 

naires a 

Item/treatment 

Australian study U.S. study 

Initial Final Initial Final 

Flashlight bulb (item 1) 
Skills 0.58 0.52 0.52 -0.04 
Skills/equity 0.55 -0.02 0.31 -0.06 
Equity 0.61 --0.05 

Conductor (item 2) 
Skills 0.71 0.23 0.45 0.31 
Skills/equity 0.50 -0.04 0.36 -0.20 
Equity 0.33 -0.04 

Switches (item 4) 
Skills 0.49 0.20 b 
Skills/equity 0.35 0.08 
Equity 

aNegative score indicates higher female mean. 
t'This item was not matched in the U.S. data. 

ciated with the classes whose teachers received only 
skill training. The data in Table IV show that the 
experience of doing the electricity activities brought 
the scores of girls and boys much closer together in 
each group. In fact, the girls enjoyed the work more 
than the boys in a number of classes (those of teach- 
ers participating in the equity training), resulting in 
a negative difference (in favor of girls). Clearly, the 
actual experience of working with the electrical 
equipment was enjoyable, and one the girls did not 
expect to enjoy as much as they did. 

Differences among the treatment groups in stu- 
dents' enjoyment of the electricity topic were exam- 

ined using the differences between male and female 
scores on the activities scale. Analysis of the Austra- 
lian data revealed a statistically significant treatment 
effect (F = 9.88, p < 0.01), but in the U.S. data the 
effect was not significant (F = 1.84). Figure 2 shows 
the results for the two studies. In both, the skills-only 
group is the only one in which boys outscore the girls. 
The skills/equity group in the Australian study and 
the equity-only group in the U.S. study have negli- 
gible differences between the girls and boys. In fact, 
girls in the skills/equity group in the U.S. study ap- 
pear to have particularly enjoyed the topic. 

Somewhat similar results are obtained for item 
8, which asked about anticipated enjoyment of the 
topic. In the Australian study, the analysis resulted 
in a significant treatment effect (F = 4.23,p < 0.10), 
but the treatment effect was not significant in the 
U.S. data (F = 0.96). The graph of the mean dif- 
ference scores in Fig. 3 shows again that only in the 
skills group did boys enjoy the electricity topic more 
than girls did. Taken together, the results for these 
items suggest that teachers with some equity train- 
ing, compared to those with only skills training, were 
able to teach the electricity unit in a manner that 
appealed to both girls and boys. 

Perceptions about the Electricity Topic 

Four items tapped students' self-confidence in 
doing electricity and their perceptions of its diffi- 
culty. Items 5, 6, and 7 asked students how good 
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Fig. 2. Differences between boys' and girls' mean scores on the activities scale for 
the Australian and U.S. studies. 
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Fig. 3. Differences between boys' and girls' mean scores on item 8 (How much 
did you enjoy..?) for the Australian and U.S. studies. 

they thought "most boys," "most girls," and "you" 
were at working with bulbs, wires, and batteries. 
These three items were scored 1-4 and the mean 
scores are reported in Table V. Item 9 asked how 
hard students found the electricity work and the 
item was scored 1-5 on a scale from "always hard" 
to "always easy." 

The responses have a different pattern for the 
two studies. For  the Austral ian data, the mean 
scores for items 5 and 6, reported in Table V, show 
that boys perceive "most boys" to be good at work- 
ing with the equipment but consider "most girls" to 
be less able than "most boys" with it. In contrast, 
girls thought that "most girls" were about as good 
as "most boys" at working with the equipment. The 
results for the U.S. study were more extreme. In 
each treatment group, students thought that most of 
their own sex were good at working with the equip- 
ment but were negative about the ability of the op- 
posite sex. The results for item 7 indicate that boys 
perceived themselves to be nearly as good as "most 
boys" at working with the equipment, but girls saw 
themselves as less able than "most girls." This sug- 
gests a lack of confidence in girls who, on average, 
perceive themselves to be less able than other girls. 

There are no significant differences associated 
with treatment for items 5, 6, or 7 in either study. 
However, there are significant differences associated 
with students '  sex. For item 5, significantly more 
males than females think that boys are good at 
working with bulbs, wire, and batteries (F = 7.00, P 

< 0.05 in the Australian study and F = 112.02, P 
< 0.01 in the U.S. study). The opposite is true for 
item 6. Girls have a much higher estimation than 
boys do of the ability of girls to work with the equip- 
ment (F = 36.36, P < 0.001 in the Australian study 
and F = 162.21, P < 0.001 in the U.S. study). Analy- 
sis of the mean differences between boys' and girls' 
mean scores on item 7 reveal that a significant sex 
difference exists in both data sets, with boys more 
confident of their own ability than are girls F = 
38.39, P < 0.001 in the Australian study and F = 

Table V. Mean Scores for Students' Perceptions about the 
Difficulty of the Electricity Topic a 

Australian study U.S. study 

Item/treatment group Males Females Males Females 

Most boys (item 5) 
Skills 3.59 3.26 3.59 2.56 
Skills/equity 3.40 3.24 3.69 2.75 
Equity 3.77 2.35 

Most girls (item 6) 
Skills 2.57 3.11 2.42 3.74 
Skills/equity 2.72 3.20 2.29 3.67 
Equity 2.12 3.77 

How good are you (item 7) 
Skills 3.29 2.87 3.44 3.34 
Skills/equity 3.23 2.90 3.67 3.46 
Equity 3.70 3.57 

How easy (item 9) 
Skills 3.69 3.32 3.67 3.35 
Skills/equity 3.67 3.49 3.89 3.58 
Equity 3.97 3.46 

aKey: items 5, 6, 7 = 1, hopeless; to 4, really good. Item 9 = 1, 
always hard; to 5, always easy. 
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Fig. 4. Differences between boys' and girls' mean  scores on item 9 (How easy 
• . .?) for the Australian and U.S. studies. 

4.45, P < 0.05 in the U.S. study). However, these 
sex differences were much less than those on items 
5 and 6. Interestingly, boys and girls in the U.S. 
study appeared to be more confident of their own 
ability than their Australian counterparts. 

Item 9 asked students how easy or hard they 
found the work in electricity. The mean scores in 
Table V show that, on average, and in both studies, 
boys' means are higher than girls' means, but that 
all are between the "sometimes easy" and "mostly 
easy" response choice. The mean difference score 
between males and females are graphed in Fig. 4 
and show that the differences between boys and girls 
are variable but tend to be larger in the U.S. classes 
taught by teachers with only equity training• How- 
ever, on average, both U.S. and Australian boys 
found the electricity topic easier than did the girls 
(F = 14.16, P < 0.01 in the Australian study and F 
= 14.58, P < 0.001 in the U.S. study). 

The last two items of the final questionnaire 
referred to the career of electrician. Item 10 asked 
students whether they thought women could learn 
to become electricians, and item 11 asked whether 
they themselves could learn to become an electrician 
if they wanted to. The results of these last two items 
are recorded in Table VI as the percentage respond- 
ing "yes" to each item. In both studies, there was 
no treatment effect for item 10, but as the graph in 
Fig. 5 shows, fewer boys than girls thought that 
women could become electricians. The mean differ- 

ence between boys and girls was significant in both 
studies (F = 13.49, P < 0.01 in the Australian study 
and F = 25.4, P < 0.001 in the U.S. study). 

Item 11 asked students whether they thought 
they could learn to become an electrician if they 
wanted to. The mean difference scores are graphed 
in Fig. 6. There is a treatment effect present in the 
Australian data (F = 3.90, P < 0.10) but not in the 
U.S. data. In each study it is noticeable that the dif- 
ference between the percentage of boys and girls re- 
sponding "yes" to this question is smaller for the 
treatment groups whose teachers received the equity 
or skills/equity training. The results in Table V1 
show that in all groups, around 90% of boys thought 
they could become electricians. In the Australian 
data an average of 85% of girls in the skills/equity 
group said "yes" to this question, but only 70% of 

Table VI. Percentages of Students  Responding "Yes" to 
Electrician as a Career  

Item/treatment 
group 

Percentage 

Austral ian study 

Males Females  

U.S. study 

Males Females  

Women  electricians (item 10) 
Skills 84 
Skills/equity 77 
Equity 

You an electrician (item 11) 
Skills 88 
Skills/equity 91 
Equity 

93 
94 

70 
86 

86 97 
75 99 
74 96 

95 85 
94 91 
89 91 
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Fig. 5. Differences between boys' and girls' mean scores on item 10 (Could 
women be electricians?) for the Australian and U.S. studies. 
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(Could you be an electrician?) for the Australian and U.S. studies. 

girls in the skills-only group responded "yes." The 
pattern of responses in the U.S. study is similar, but 
is not as marked. Although many girls thought 
women could become electricians, they did not think 
that they themselves could become electricians, an 
indication of a low level of self-confidence, particu- 
larly among girls in the Skills-only groups in both 
Australia and the U.S. 

DISCUSSION 

The results of both studies indicate that preex- 
isting gender differences in enjoyment of physical 
science activities can be ameliorated by girls having 
opportunities to do such activities. Regardless of the 
type of teacher workshop, boys and, to a greater ex- 
tent, girls enjoyed the activities more than they 
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thought they would. In addition, in both countries, 
gender differences disappeared for students in the 
skills/equity and equity groups, whose teachers had 
received training about the importance of active par- 
ticipation for both girls and boys. However, in the 
classes of teachers with only equity training, the larg- 
est difference between boys and girls was found on 
the item asking how easy students found the topic. 
Although girls in that group enjoyed the activities, 
they felt that the science experiments were difficult. 

These results reinforce other findings that in- 
dicate that girls' interest in, attitudes about, and en- 
joyment of science are restricted by the type and 
kind of science they have experienced. Differential 
experiences of girls and boys in science were noted 
by Kahle and Lakes in 1983 and have been con- 
firmed in a recent AAUW report, "How Schools 
Shortchange Girls" (WCCRW, 1992). It notes that 
"Girls are more apt to be exposed to biology-related 
activities and less apt to engage in mechanical or 
electrical activities" (p. 28). Furthermore, differ- 
ences occur early and continue throughout school. 
According to one study, by third grade, 51% of the 
boys, compared to 37% of the girls, surveyed had 
used microscopes. By eleventh grade, 49% of the 
boys, contrasted with 17% of the girls, had used an 
electricity meter (WCCRW, 1992). Parker (1985) 
has noted that unless girls have opportunities to do 
a variety of science activities, their expressed interest 
or anticipated enjoyment of them is based upon ig- 
norance, not knowledge. She cautions that develop- 
ing science curriculum based on girls' expressed 
interests may further disadvantage them. 

Results in both countries showed that boys are 
more confident of their own and others boys' ability 
to do electricity activities than girls are of their own 
or of others girls' ability to do them. However, dif- 
ferences between girls' and boys' self-confidence rat- 
ings were more extreme in the U.S., with boys 
ranking themselves equal to other boys, but with 
girls ranking themselves as less able than girls in 
general. Girls' lack of self-confidence has been dem- 
onstrated to affect enrollment patterns in mathemat- 
ics (Eccles, 1989). As the AAUW study reports, 
"Gender differences in confidence are strongly cor- 
related with continuation in math and science 
classes . . . .  Females, more than males, have been 
found  to doub t  the i r  c o n f i d e n c e  in m a t h "  
(WCCRW, 1992, p. 28). Although similar analyses 
have not been done in science, it is reasonable to 
expect a similar correlation. 

One difference between the U.S. and Austra- 
lian responses was found in the higher level of self- 
confidence expressed by American boys and girls. 
The higher U.S. level supports findings from other 
studies, which indicate that American students, com- 
pared to Chinese and Japanese students, express 
more confidence in their ability to do mathematics, 
regardless of their grades in that subject (Stevenson 
and Stigler, 1992). Stevenson and Stigler argue that 
American education is structured to build student 
self-confidence and the phenomenon may have 
caused the difference found between Australian and 
American students. 

Generally, the results of both studies support 
the need for equity training for teachers as well as 
the importance of hands-on science experiences, es- 
pecially in the physical sciences, for girls. Girls come 
to school with fewer experiences in the physical sci- 
ences, and, without equity education, many elemen- 
tary teachers allow them to avoid such activities in 
school. Again, recent NAEP data (U.S. only) show 
that in both fourth and eighth grades, about equal 
numbers of girls and boys indicate that they have 
done experiments and projects (either at home or 
in school) for the following topics: plants and ani- 
mals, chemistry, rocks and minerals, telescopes, 
thermometers and barometers. However, 14% more 
boys than girls report doing experiments and pro- 
jects with electricity in fourth grade, and the differ- 
ence grows by eighth grade, when 21% more boys 
than girls respond that they have done electrical ac- 
tivities (Jones et al., 1992). 

CONCLUSION 

Despite the difference in countries and the 
seven-year time lapse between the two studies, the 
results of the initial questionnaire indicate that the 
extent and pattern of girls' and boys' interest in and 
attitudes about science are remarkably similar. How- 
ever, the differences between boys and girls are 
smaller in the more recent U.S. data. Although this 
could be due to the different educational environ- 
ments (Stevenson and Stigler, 1992), an alternative 
explanation is that gender differences are narrowing 
over time. Consistent with this explanation is the 
smaller number of significant differences between 
girls' and boys' responses on the electricity items of 
the initial questionnaire as well as U.S. girls', com- 
pared to Australian girls', more positive response to 
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the item on the final questionnaire about becoming 
an electrician. 

In general terms, the outcomes of both studies 
indicated that the teacher inservice workshops, com- 
bined with activity-based science lessons, affected 
students' attitudes and perceptions about electricity. 
In the Australian study, there was a consistent pat- 
tern of results suggesting that teachers who received 
both skills and equity training were more able than 
teachers who received only skills training in creating 
an environment in which girls enjoyed the topic, 
found it easy, and were confident of their own ability 
to do the activities. The U.S. data produced similar 
trends. The addition of an equity-only workshop in 
the U.S. study resulted in classes where girls gener- 
ally enjoyed the activities as much as boys did. They 
had more confidence in their own ability than did 
girls in the classes of teachers who received only 
skills training. 

A reviewer of the U.S. proposal for this study 
remarked that positive results from the equity com- 
ponent in two of the three workshops would indicate 
that all teacher inservice programs should include 
short equity training. Although the results are not 
positive enough to support that premise, they indi- 
cate that equity training for teachers, combined with 
activity-based science for students, can raise girls' 
enjoyment of and confidence in physical science to 
equal that of boys. That is a first step in bringing 
equality to the teaching and learning of science and 
technology. 
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