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Abstract: Since 1997 the Ministry of Education in Mexico has been sponsoring a
national project in which technology (computers and T1-92 calculators) is used to
support the teaching of mathematics at secondary school level (children aged 12 to
15 years old). One of our concerns during this project was to investigate if its imple-
mentation affects some of the aspects of girl's and boy's behavior in the classroom.
A first approach consisted in investigating teachers' views concerning nine behav-
ioral aspects (participation; capability to analyze a problem; capability to interpret the
worksheets; initiative; requirement for help; dedication; defense of their own ideas;
creativity; preference for working in teams or individually). The results show that
teachers consider that to use technology in the mathematics classroom impacts the
majority of these aspects and this impact is different for girls and boys. We found as
well that male and female teachers have different perceptions of the observed behav-
ioral changes.

Introduction

In the last decade there has been a strong tendency to introduce technology in
the mathematics classroom. The intention in using it is to support students' mathemat-
ics learning. However, does the presence of technology in the mathematics classroom
have some impact on gender differences? Does it affect, for example, boys' and girls'
behavior in the mathematics classroom? There has.not been much research yet inves-
tigating these issues. In the late 80's Noss (1987), using Logo for developing children
geometrical concepts, found that the Logo experience consistently favored girls. Apple
(1989), on the other hand, considered that mathematics and science curricula were
strongly contributing to the reproduction of gender differences (in spite of the efforts
of the experts to change this). He stressed that this could get worst with the introduc-
tion of technology to support the learning of these subjects. A finding of the IEA Com-
puters in Education Study is that no gender gap appears among U.S. students in either
grade 8 or 11 in computer performance. In a Mexican study (Morales et al., 1998) it
was found that to work with computers promotes the development of creativity both
in boys and in girls. In another study Dinkheller (1994) (cited in Penglase and Arnold,
1996) found that to work with calculators produced anxiety in both male and female
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658 Socio-Cultural Issues

starting college students but that after getting used to it, anxiety disappeared in both
of them. These short comments and findings put forward the necessity for more inves-

tigation in order to find out the ways in which using technology in the mathematics
classroom impacts girls and boys contributing or not to reinforce gender differences.

During the last three decades there has been a considerable amount of research
studies investigating gender differences in mathematics learning. Studies on achieve-
ment, performance, attitudes, attributions were developed (Fennema, Leder, 1996;
Hanna, 1989; Figueiras et al., 1998). Consistently, some differences in performance
favoring males have been found, in particular when high cognitive level skills were
required (Leder, 1992). There is evidence stressing that cultural and social pressure on
male and female lead to different behavior that is internalized by individuals and this
leads to different beliefs and attitudes that strongly affect the learning of mathematics.
These different behaviors can be observed for example in relation to active participa-
tion, call for attention, requirement for help, involvement and dedication, creativity,
discipline. Several research reports developed in different countries show that boys
tend to be more active in the classroom and they participate more than girls; they ask
for attention and for help more than girls and they receive more attention and help
(Koehler, 1990; Subirat & Bruller, 1999). Some of them stress that not to help girls to
develop a more active attitude can be detrimental for their learning because an active
attitude is fundamental for the learning process and the acquisition of new knowl-
edge (Subirat & Bruller, 1999; Cooper, Marquis & Ayers-Lopez, 1982). Girls, on the
other hand, are usually considered to be more dedicated and constant (Figueiras et al.,
1998). Although it is not easy to find a creative behavior in students, there are some
characteristics (for example, paying more attention to the process than to the result,
discipline and hard work, self-criticism) that can favor its development and these char-
acteristics are found more often in women than in men (Maslow,1983).

EMAT: A Mexican Project

Since 1997 the Ministry of Education in Mexico has been sponsoring a national
project, EMAT (Teaching Mathematics with Technology), in which technology (com-
puters and TI-92 calculators) is used to support the teaching of mathematics at second-
ary school level. The software used in this project are: Spreadsheets (for arithmetic,
pre-algebra and algebra); Cabri Geometre (for geometry); SimCalc MathWorlds (to
approach the idea of variation and its different representations); Stella (for modeling
simple situations). A series of activities having these software as support and linked
to Mexican curriculum were designed by local and external experts and presented
through worksheets. Activities in worksheets were provided to the teachers involved
in the project (16 teachers for the first year of the project and 73 teachers more for the
second and third year; in total they attended about 10,000 children) after they attended
the workshops in which they learned to use the TI-92 and one of the software men-
tioned above. During the workshops the didactical approach, from practice and par-
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ticular examples to general theoretical principles, characterizing EMAT was stressed.
The dynamic of the classroom organization was stressed as well: students work in
pairs or triads; after a short introduction they are given the worksheets corresponding
to the programmed activities; the role of the teacher is to observe pairs' or triads' work
and to support them by answering their questions, providing hints and, when neces-
sary, suggesting approaches; periodically the teacher organizes group discussions in
order to arrive to a common understanding of the mathematical concepts involved
in the activities. The proposed approach and the class dynamics are opposed to the
one usually followed in Mexican schools in which general theoretical statements pre-
cede exercises and students tend to conform a passive audience: after listening to the
teacher, they solve the proposed exercises individually.

One of our concerns during this project was to investigate teachers' point of view
about behavioral changes in girls and boys when technology is used in the mathemat-
ics classroom. Some of the aspeCts we decided to investigate have been already ana-
lyzed by other researchers observing mathematics classrooms without technology.
Other aspects concerned directly the EMAT project (for example, aspects 2 and 3).
The aspects observed were:

1. participation (he/she comments about the proposed tasks with the teacher
and/or mates; he/she intervenes in group discussions);

2. capability to analyze a problem (he/she understands the posed problem; is able
to analyze the outcomes obtained on the screen in order to answer the questions
of the worksheet);

3. capability to correctly interpret the worksheets (he/she is able to follow
the indications of the worksheet and understands the purpose of the questions
posed);

4. initiative (he/she proposes possible solutions and activities without consulting
with the teacher; is able to take decisions autonomously);

5. requirement for help (he/she asks the teacher or a mate for help in order to
develop the proposed task);

6. dedication (he/she gets involved in the task and persists in it);

7. defense of their own ideas (he/she is able to sustain his/her points of view with
the teacher and mates);

8. creativity (he/she approaches the solution of the task in an original way and, on
occasions, develops activities not indicated explicitly in the worksheet);

9. preference for working in teams or individually (he/she prefers working in
pairs/triads and co-operates in the solution of the task or he/she prefers working
on him/her own, independentlY of others).
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Methodology

In order to obtain the required information we worked with 24 teachers (15 men

and 9 women) that were attending EMAT groups and that voluntary decided to partici-

pate with us. Their professional background was heterogeneous (professional teach-

ers, engineers, agronomists and chemists).. Their experience as mathematics teachers

was 17.13 years in the mean with a range of 26 years (31-5). The great majority (18)

had two years experience in working in EMAT and 6 of them have been working in
EMAT for already three years. Their mean age was 41.5 years with a range of 33 years

(58-25).
As said above 9 female teachers participated in the study. Two of them had three

years experience in EMAT and 7 had two years experience in EMAT. Female teachers'

mean age was 40 years with a range of 32 years (57-25). Their experience as math-

ematics teachers was 18.12 years in the mean with a range of 20 (28-8). Four out of the

15 male teachers had three years experience in EMAT and 11 had two years experience

in EMAT. Male teachers' mean age was 42.4 with a range of 28 years (30-58). Their

experience as mathematics teachers was 16.6 in the mean with a range of 26 (31-5).

When starting the project none of them had experience in using computers nor

in using them to support the mathematics classroom. We discussed with them the 9

aspects in order to share a common meaning for each one of them. Each teacher was

asked to choose one, two or three (this was his/ her decision) EMAT groups he/she

was attending and to give a mark to each student for each aspect. To qualify children

behavior concerning each one of the nine aspects they were asked to use marks: 1

when the considered aspect was almost never observed; 2 when it was observed

on occasions; 3 when it was almost always observed. Aspect 9 (preference for work-

ing in pairs/triads or individually) was marked 3 if the preference was for working in

pairs/triads, 2 if the student did not show a specific preference and 1 if he/she preferred

working alone.
The behavior of a total of 1113 students (568 boysand 545 girls) aged 12-15 years

old was analyzed in this way. They were attending different school grades and their

experience in working in EMAT was different: 576 has been working in EMAT only

for one year, 459 for two years and 78 had a three years experience. The great major-

ity belonged to medium and medium-low social class. Additionally to calculators, 597

were using spreadsheets and 516 were working with Cabri Geometre. After analyzing

the data, 4 teachers (2 with 2 years and 2 with 3 years experience in EMAT) were

interviewed.
Results and Discussion

The scores obtained by students for each one of the aspects considered were ini-

tially grouped together and they were analyzed using the Kruskal- Wallis test (Table

1). The variables considered were: students' sex; and students' permanence in EMAT.
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The purpose of this analysis was to find out if teachers' marks reflected significant dif-
ferences when students' sex or when students' experience in working in EMAT were
considered. The results presented in Table 1 show that when the variable sex is ana-
lyzed, significant differences between girls and boys are found for all the nine aspects
considered. Significant difference at level .01 can be observed for the aspects num-
bered 1, 2, 3, 4, 6 and 9. That is, teachers consider that there are significant differ-
ences between girls and boys concerning: participation (1) in the classroom; capabil-
ity to analyze a problem and the outcomes obtained (2); capability in interpreting a
worksheet (3); initiative (4) and dedication (6) when solving a task; and preference
for working in teams or individually (9). There are as well significant differences, but
at level .05, concerning requirement for help (5); defense of their own ideas (7); and
creativity (8). Significant differences for almost all the aspects (except aspect 9) are
found as well when variable permanence in EMAT is analyzed. For aspect 5 (require-
ment for help) the difference is significant at level .05 while, for all the other aspects
the difference is significant at level .01.

These results suggest that the experience in using technology for learning math-
ematics does affect the great majority of the aspects considered and its impact is dif-
ferent for boys and girls. The only aspect that does not seem to change substantially
when technology is used, at least in the way in which it was used in EMAT, is students'
preference for working in teams or individually. In EMAT we were trying to promote
work in pairs or triads, however it must be taken into account that the great majority
of teachers were not used to this way of working. Although two or three students were
usually sharing one computer, teachers were not encouraging them to work as a team
and this decision depended mainly upon the students themselves. Teachers confirmed
this when interviewed. For example, a teacher commented "On occasions, when there
is a computer free, a boy moves to it in order to work on his own .... often girls ask for
permission to move to another team .... in general, I observed that there are more boys
than girls like to work on their own. Girls tend to prefer working in teams."

In order to have more information about the differences found using the Kruskal-
Wallis test, data were re-grouped and for each aspect the mean scores given to boys

Table 1
Analysis of variance using the Kruskal-Wallis test :
values calculated for each one of the 9 aspects observed

Variable Aspects observed

1 2 3 4 5 6 7 8 9

Per sex 27.1* 15.2* 11.49* 9.42* 6.0** 15.84* 4.0** 5.41** 8.68*

Per EMAT 29.28* 18.93* 37.5* 25:17* 7.20** 51.55* 44.31* 14.03* 5.25

*p<.01 p<.05
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and to girls with respectively one, two and three years experience in EMAT were ana-
lyzed. These scores are presented in Figure 1, where for each one of the 9 aspects con-
sidered there are three couple of bars. For each couple the first bar represents the mean
of the scores given to boys and the second the mean of the scores given to girls. For
each aspect, the first, second and third couple of bars refers, respectively, to students
with three, two and one year experience in EMAT.

The mean scores presented in Figure 1 confirm the differences per sex for almost
all the aspects examined. It can be observed that girls with one or two years experience
in EMAT, obtain higher scores than boys in almost every aspect. The only exception
is in the defense of their own ideas (7) for which the score boys with 1 year experi-
ence in EMAT have, is slightly higher than the one girls have. That is, when they start
using technology boys are slightly better than girls in defending their point of view.
For students with one-year experience in EMAT the highest difference between boys
and girls corresponds to participation (1). From the point of view of teachers, girls
starting to use technology tend to participate much more than boys. When interviewed,
a teacher explained "Usually girls discuss the proposed task between themselves and
with the teacher too, much more than boys. ... Girls tend to ask for help more than boys
and they intervene more during group discussion."

Figure 1 shows as well that for almost all the aspects, the mean scores obtained by
girls and boys with two years experience in EMAT is lower than the one obtained by
students with less experience in using technology. That is, from the point of view of

Figure 1
Mean scores per aspect per sex and per experience in EMAT

0 boys

girls

Aspects: 1 = participation 2= analyse 3= Interpretation 4= initiative 5= help
6 = dedication 7= defence of ideas 8= creativity 9 = teams or individually

7
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teachers, both boys and girls who have worked in EMAT for two years participate less
(1), they have less capability to correctly interpret the worksheets (3), they have less
initiative (4), they show less dedication (6), they show less capability to defend their
point of view (7) and they are less creative (8), than their mates who are just beginning
to use technology. When interviewed all the teachers agreed that this outcome could
not be attributed to EMAT but to different factors as: students' age and development,
and students' own interests. It must be remarked that all the students with two years
experience in EMAT were attending the second year of secondary school (children
aged 13-14 years old). Teachers explained that the same happens for other subjects. A
teacher said "I think that these results do not depend on the use of technology ... at that
age students are not interested in what we are teaching them; they do not understand
its usefulness. In general, when they start secondary school they are very enthusiastic,
during the second year their interest slows down dramatically and in the third year they
begin to understand the utility of what they are learning and their interest rises again.
This does not depend on EMAT, it is due to their own development".

From Figure 1 it can be observed that the only exception concerns aspect 2 (capa-
bility to analyze a problem). Girls and boys with two years experience perform as well
as their mates with one year experience. There is as well no change for boys in aspect 9
(preference for working in team or individually). Scores referring to aspect 5 (require-
ment for help) as well, slow down indicating that students with two years experience
tend to ask less for help than their mates with one year in EMAT.

The panorama just depicted above changes substantially when the scores given to
students with three years experience in EMAT are examined (first couple of bars for
each category). For all the aspects studied the scores obtained by students with three
years experience in EMAT are substantially different from those their mates with less
experience have. Except for boys in aspect 5 (requirement for help), these scores are
clearly higher. In particular, there are three aspects (2, 3 and 6) for which the difference
with previous scores is remarkable. An improvement in students' capability to analyze
a problem (2) and to interpret the worksheets (3) is not surprising after three years in
EMAT where all the work with technology is supported by worksheets and students
are asked to solve problems. More interesting is the result concerning dedication (6).
Observe that for both, boys and girls with three years experience with technology,
the score for this aspect increases substantially. However, it increases much more for
girls than for boys. A possible explanation is that, in general, girls in Mexico have less
opportunities than boys to be in contact with technology, therefore its presence in the
mathematics classroom stimulates much more girls' curiosity and interest than boys'.
This leads girls, more than boys, to increase their involvement in the proposed tasks
and their determination to solve them. Teachers explained "Girls are more dedicated
than boys, girls focus on the worksheet and they try to solve it. Boys do not pay too
much attention to the worksheet and they focus their attention elsewhere, they explore
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more the other possibilities offered by the computer. Girls tend to follow instructions,

boys feel more free to explore." Another teacher commented "Boys and girls are dedi-

cated but boys less that girls, they are not so persistent, they feel they do not need to

work too much, they feel 'culturally superior' (sic)".
It is as well interesting to notice that there are three aspects (2, 3 and 8) for

which boys obtain scores higher than girls. That is, although both, boys and girls have

improved in these aspects, teachers consider that boys with three years experience in
EMAT are better than girls in analyzing problems and their outcomes (2), in interpret-

ing the worksheets (3). Moreover, boys are considered to be more creative (8) than
girls. Creativity is a characteristic difficult to find in students (Maslow, 1983), how-

ever, from the point of view of teachers EMAT has a positive impact on this aspect.
When interviewed a teacher explained "I think that students develop their creativity
when they look for a possible solution to the problem they are facing. Although
they follow the worksheets, when they realize that something is wrong they look for
another approach. This is evident to me in particular when they work with computers,

using Cabri.". Another teacher commented "Students' creativity develops a lot. They
develop different strategies, different ways to solve a problem and they find general
solutions, they learn how to generalize".

For aspect 5 (requirement for help), girls' score is considerably higher than the

one assigned to boys. That is, girls with three years experience in EMAT ask for help

(5) much more than boys. Moreover, girls with three years in EMAT ask for help more
than their mates with two or one year experience. This contrasts with boys who ask
for help substantially less than their mates with less experience. A teacher explained
"Girls ask more than boys for help, both about technical aspects and about mathemat-

ics. Boys ask less because when somebody ask others boys take mock of him."
Another interesting outcome concerns participation (1) and defense of their own

ideas (7). Girls' scores for these two aspects are remarkably higher than those of the
boys with the same experience in EMAT. A teacher's comment was the following

"Boys are very passive, they accept others' point of view very easily. Girls are good in
listening to others arguments but when they do not agree they argue back. They argue

within the team too when they are convinced about an idea. ... Boys are obstinate,
they think they are never wrong, they are stubborn; girls reflect and when they are
convinced they defend their ideas."Finally, students' preference for working in teams

or individually (9) does not change when their experience with technology increases.
For both, boys and girls, there is a tendency to prefer working in a team and this is

slightly stronger for girls.
In order to see if there were differences in the way in which male and female

teachers were, marking students in relation to the nine aspects, the mean scores were
compared (Table 2). In Table 2 the first raw refers to the nine aspects. The index indi-

cates the presence of a significant difference between male and female teachers' way
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of marking. The numbers in the second raw represent the mean of the scores given to
students by male teachers for each aspect. Numbers in the third raw (in brackets) cor-
respond to the mean of the scores given to students by female teachers. The forth and
the fifth row indicate the corresponding standard deviation.

Table 2

The information presented in Table 2 indicates that there is a significant difference
between male and female teachers in the way they mark students' behavior. Observe
that the mean score given by female teachers is lower than the one given by men teach-
ers for all the aspects except creativity (8). An explanation for these results might be
that female teachers tend to be more demanding with their students than men teach-
ers are. This can be deduced from the mean marks given to participation (1), capabil-
ity to analyze a problem (2), interpretation of worksheets (3), initiative (4) and dedi-
cation (6). Moreover, concerning requirement for help (5) it is interesting to notice
that female teachers consider that students in general do not ask too much for help. In
contrast male teachers seem to consider that students require a lot of help. This might
be explained considering the social role played in Mexico by women, for whom very
often it is assumed that their "natural" role is to help, satisfy and take care of others.
This is not assumed as a characteristic of male nature. These assumptions might origi-
nate the difference in the mean scores given to students for this aspect. Another inter-
esting result refers to aspect 7 (defense of their own ideas). This aspect had the lower
score by both male and female teachers. An explanation for this might be that given
the traditional teaching approach usually employed in Mexican schools, students are
not used to or encouraged to make a defense of their own ideas. However, when inter-

Table 2
Means scores and standard deviations per teachers' sex
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viewed both male and female teachers commented that EMAT was strongly promot-
ing the development of this aspect and that girls, in particular, were developing this

capability more than boys.
A comparison between the mean scores assigned by male and female teachers to

girls and boys separately, was suggesting a general tendency to assign higher marks
to girls than boys. However, an analysis of variance (ANOVA), although not totally
appropriate for this kind of data, allowed us to re-examine the data differentiating
teachers' sex and students' sex. The results obtained showed that there was not sig-
nificant difference between the marks male and female teachers assigned to boys and
girls. In all the cases we obtained F<1 (the highest value was F = .69) with p >.05.

Conclusions

The results presented in this paper provide evidence showing that the presence
of technology in the mathematics classroom can have significant impact on several
aspects of students' behavior. The way in which technology was used in EMAT helped
both girls and boys to increase their involvement in the task and to persist in it.
Although girls were more dedicated than boys, this behavioral aspect increased sub-
stantially for boys after working with technology for three years. Teachers considered
that to work with technology helped students, in particular boys, to be more creative.
A very important outcome refers to girls' participation and defense of their points of
view. From the teachers' perspective, girls were participating more than boys, and they

were defending their ideas with greater enthusiasm than boys. These outcomes con-
trast with results from other research where it is stressed that boys tend to participate

more than girls. Girls' active behavior might be reflected as well in the increase of their
requirement for help. Other researchers report that in general boys are more active

and they ask for help more than girls. Another interesting result concerns the differ-

ence found between male and female teachers concerning the way they assign marks
to students. More research should be developed in this direction.
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