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ABSTRACT

This research was undertaken to explore the reasons for women' under-representation in
science, particularly in pure and applied areas of science. The study was based upon two hypotheses:
first, that there is a complex set of gender differences in attitudes to science learning, and second, that
the vision of science held by instructors interacts with these gender differences in ways which serve to
perpetuate the ratio of men to women in the sciences.

With a view to testing the first hypothesis, a cohort of 64 students entering science at Vanier
College was interviewed and asked to complete an attitude inventory in A93. This sample included
men and women in both Health and Pure and Applied Sciences as well as some in a remedial science
programme and some in an enriched stream. Interviews focused upon student motivation for studying
science, attitudes to such study, and their experience of this aspect of their education. In their second
and third semesters, these students were regularly contacted by the researchers, and those who
transtered to other Cegep programmes were asked to come for concluding interviews and attitude
inventories at once. The rest of the group was interviewed and completed attitude inventories just
before they graduated, most in their fourth semester, but some in their fifth,

The interviews were carefully transcribed to preserve the words and tones of each student.
These transcripts were then coded in such a way as to extract from each the important aspects of
motivation, aftitude and experience. These coded interviews provided the researchers with sufficent
information to ascertain certain specific persistence patterns which, in turn, began to explain why
students make the decisions they make, what are the prevailing attitudes to science and how these
attitudes shape behaviour, and how the study of science is experienced by students of different
background, gender, ethnicity and achievement level. Attitude inventory data echoed and enriched
this narrative.

With a view to testing the second hypothesis, 13 science teachers from all science subjects
were interviewed as to their views on the kinds of motivations, attitudes and behaviours which success-
ful science students ought to demonstrate. These teacher attitudes were then compared with those of
the students to ascertain which students, if any, matched the profile provided by the teachers.

The study suggests very strongly that a complex set of gender differences among students not
only exists, but can be seen fo shape persistence patterns in the sciences. While the men in the study
were motivated mainly by desires for specific prestigious careers and thus had not only instrumental
attitudes to their learning but a particular kind of determination to persist, the women tended to look
for @ more transformative experience and were thus more sensitive to and shaped by the day to day
aspects of their education. Teacher attitudes tended to be largely instrumental, like the men's, and the
teachers tended to value those behaviours which were most congruent with those of persisters in the
pure and applied sciences.



. INTRODUCTION
A. BACKGROUND

The research project reported in these pages was undertaken in the fall of 1993 as part of
an effort to better understand the factors influencing the persistence of women in the sciences. This
work has been motivated by a range of concerns about the pattern of women's participation in the
sciences, and most particularly, about their under-representation in the area of pure and applied
science at the post-secondary level. Recent statistics confirm that the number of women in these areas
remains disproportionately low at the university level, in spite of the large increases in the proportion
of women students in most other disciplines (Canada, 1991). Unlike the figures for women's participa-
tion in post-secondary education in general, the number of women in engineering and the physical
sciences has increased only marginally since 1975, and at a rate which is unlikely to alter substantially
the relative absence of women in decision-making positions in these areas at the university level. At
the master's and doctoral levels in these areas, women are grossly under-represented. Although the
proportion of master's degrees awarded to women across Canada rose to 45% in 1989, and the
proportion of doctoral degrees earned by women reached 30%, in engineering and the applied
sciences only 12% of the master's degrees and 6% of the Ph.D.s went to women (Canada, 1991).
Furthermore, what increase there has been in the proportion of women in these areas throughout the
eighties and early nineties may reflect an increase in special funding and affirmative action for
women. However, between December 1994 and February 1995, many special scholarships and grants
ear-marked for women students, such as those administered by the AUCC and NSERC, were can-
celled (Berkowitz, 1995).

Here in Quebec, there is evidence to suggest that the under-representation of women in
this area of science is likely to persist. While 20% of the students enrolled in the bachelor of engineer-
ing programme at the Ecole Polytechnique de Montréal in the Fall of 1994 were women (Université de
Montréal, 1994), it is instructive to consider that the proportion of women entering engineering and
architecture at McGill University has remained stable at the 20% mark since the mid-eighties (McGill
University, 1994). Furthermore, statistics such as these are often misleading since they tend to group
engineering and architecture students together, a manipulation which obscures the fact that women
are more equitably represented in faculties of architecture. One university registrar with whom we
spoke wondered privately whether we have not reached a standstill in the recruitment of women into
the applied sciences. Indeed, in the United States, where the patterns of women's participation in the
sciences are similar to those in Canada (Rosser, 1995), researchers report that, after an initial in-
crease in the number of women maijoring in computer science, we are now witnessing a decrease in
their numbers.

In this project, we have sought to explore the extent to which women's orientation to and
experience of science education at the Cegep level might help us to understand their lower rates of
participation in the pure and applied sciences at the university level. We therefore undertook to
document gender differences in the experience of science education among approximately 60 stu-
dents over a two year period at Cegep and to relate these differences to their persistence in the
sciences through the Cegep years and into university. Thus, although our concern is with the participa-
tion of women in the sciences, men have been included in the sample population from the beginning
of the research. We have insisted upon this inclusion for several reasons. While it is certainly legitimate
to opt to explore the experiences of women by looking exclusively at these experiences, it seems to us
that when we talk about women's experiences and womens needs in science education, there is, in
fact, an implicit comparison with those of men, and we would do well to make that comparison



explicit. This we have sought to do; however, the reader will discover that, in our view, gender is a
category which enters the analysis in ways more complex than the notion of “difference” implies. In
fact, we have sought to develop a framework which would allow for the appreciation of the diversity
of gendered experiences in the belief that it is this diversity which science education has thus far
failed to adequately accommodate.

Another reason for including men in the sample is related to our view that mens experi-
ences in science must also be treated as problematic if we are to avoid adopting them as the implicit
norm by which womens experiences are evaluated. By the same token, it seems to us that the ideologi-
cal models which shape science education also need to be interrogated and understood. Hence, the
present research design includes analysis of a set of interviews with a representative group of science
teachers who remind us of the extent to which ideas about science education are constructed. Their
visions of science, how it is practised, and how it can best be learned, take on particular significance
in the context of what the students have to say.

B. SAMPLE

The cohort of students whom we have followed since their entry into Cegep in the Fall of
1993 is a self-selected group, drawn from a larger sample. In June of 1993, we sent a letter [Appendix
1)to 120 students inviting them fo participate in the research project. The names of these 120 students
were selected at random from among the names of students who had been accepted into one of the
science programmes at Vanier College, although we did control for sex as well as type of science
programme (Health, Pure and Applied, or Access) during the selection process. By August of 1993, 64
students had indicated that they would be willing fo participate. In August of 1994, one of these
students left the country and was subsequently dropped from the sample. As Table 1 reveals, the
sample is thus made up of 40 women and 23 men, distributed between the Health and Pure and
Applied Science Programmes, with four students coming from the Access Programme, a one semester
programme designed to help students with lower marks meet the entrance requirements of the sci-
ence programmes.

Table 1: The Sample, 1993

TABLE OF ENTRY BY GENDER
ENTRY GENDER
Programme Women Men Total
2 2 4
Access 5000% 5000% 6.35%
500% 8.70%
18 7 25
Health Sciences 7200% 2800% 39.68%
4500% 0.43%
20 4 34
Pure & Applied Sciences 58.82% 4118% 5397%
5000% 60.87%
Total 40 23 63
63.49% 36.51% 10000%




Clearly, it would have been preferable to have obtained a sample in which men and
women were more equitably represented. Had we known then what we do now about the ways in
which men connect to the college milieu, we might have more accurately predicted the shortfall of
men volunteers. Be that as it may, however, we decided to proceed with the sample our selection
process had yielded. On the positive side, our “volunteers” proved to be an extremely reliable group
and not a single student failed to appear for her or his interviews or to provide the necessary survey
information.

By September of 1993, all of the students who had indicated a willingness to participate in
the research had been contacted by one of us, had signed or had organized to have a parent sign a
consent form, and had completed a standardized inventory of their attitudes to physics (Appendix 2).
By mid-October all 64 of the participating students had been interviewed by one of us, using a pre-
tested interview schedule (Appendix 3). These interviews, which generally lasted between 40 minutes
and one hour, were recorded and transcribed. The procedure for coding and analysing this data is
discussed more fully below.

Over the next several semesters, we maintained systematic telephone contact with each of
the participating students. By the end of the first semester, a few of these students had already made
the decision to leave the science programme in which they were enrolled. We opted to interview them
as soon as possible atfter they had completed their programme transfers in an attempt to capture their
experience of science education while it still felt fresh and relevant. Thus, each of the students was
interviewed twice; however, the second interview did not take place in the same semester for each
student and, as a general rule, only those students who received DEC's in either Health or Pure and
Applied Sciences were actually interviewed in the final semester of their Cegep careers. The inter-
view schedules used in these final interviews are presented in Appendix 4 and 5. At the time of the
final interview, each student once again completed a Physics Attitude Inventory.

C. CLASSIFICATION OF THE STUDENT INTERVIEWS

By the Fall of 1995, therefore, using college records and the information which we had
obtained directly from the students themselves, we were able to identify the “non-persisters” in this
group. Since we were interested in understanding women's persistence in science beyond Cegep and
into university, we defined non-persisters as those students who had switched out of a science pro-
gramme during the course of the Cegep years, OR, having obtained their DEC's in either Health or
Pure and Applied Sciences, reported that they did not plan to continue in the sciences after Cegep.
Persisters were divided between the health and biological sciences and the pure and applied sci-
ences based upon their declared intentions for their next stage of study. Thus, for example, a young
woman who graduated from Cegep with a DEC in Pure and Applied Science but who planned to
pursue a bachelor's degree in biology at university was classified as being a health and biological
sciences persister. Using this classification scheme, we created three broad persistence “pathways” to
describe our student sample at the end of the study. Table 2 illustrates the persistence pathways,
chosen by men and women, using these broad and general categories. This fairly simple analysis
helped us to begin to identify those areas in which gender differences seemed to be significant.



Table 2: Persistence Pathways for Graduating Students

EXIT GENDER
Pathway Women Men Total
2] 4 25
Health and Biological Sciences 8400% 16.00% 39.68%
52.50% 17.39%
15 9 24
Non Persistence 62.50% 37.50% 38.10%
37.50% 39.13%
4 10 14
Pure and Applied Sciences 28.57% 71.43% 22.22%
10.00% 43.48%
40 23 63
Total 63.49% 36.51% 100.00%

On the basis of this data, for example;, we began to see that, while the proportion of men
and women who failed to go on to university in the sciences was roughly equal, significant gender
differences did emerge when we looked at how students chose to persist in the sciences. As Table 3
illustrates, 72% of the women who entered Cegep in Health Science obtained DEC's and opted to
continue to university in that area. On the other hand, 35% of the women who entered Cegep in Pure
and Applied Science also ended up in the health and biological sciences by university.

Table 3: Persistence Pathways for Women

ENTRY EXIT
Programme Pathway
Health Sciences Non-Persistence | Pure & Applied Science Total
13 S 0 18
Health Sciences 34.21% 13.16% 0.00%
72.22% 27.78% 0.00% 47.37 %
65.00% 35.71% 0.00%
7 9 4 20
Pure and 18.42% 23.68% 10.53%
Applied Sciences 35.00% 4500% 20.00% 52.63%
35.00% - 64.29% 100.00%
Total 20 14 4 38
ol 52.63% 36.84% 10.53% 100.00%

The 10% of women who remained in Pure and Applied Science stood in sharp contrast to the 42% of
men who opted to continue in the area (Table 4).



Table 4: Persistence Pathways for Men

ENTRY EXIT
Programme Pathway
Health Science Non-Persistence | Pure & Applied Science Total
2 3 2 7
Health Science Q.52% 429% 9.52%
28.57 % 42.86% 28.57% 33.33%
50.00 % 37.50% 22.22%
2 5 7 14
Pure and 9.52% 23.81% 33.33%
Applied Science 14.29% 3B571% 50.00% 66.67%
50.00% 62.50% 7778 %
Total 4 8 9 21
19.05% 38.10% 42.86% 100.00%

We began to see that this shift from pure and applied science to the health and biological
sciences was a way of persisting in the sciences which was linked to gender for women, and we
began to suspect that such persistence “pathways" in the sciences might be one of the keys to under-
standing how gender issues are related to the decisions reflected in the national statistics. Persistence
pathways became the basis for organizing our data as we turned to analyse the interviews. Using this
data, we created groupings which allowed us to focus on the similarities and differences among
students who shared a single persistence experience and these groupings, in fact, structure the chap-
ters of this report. All of this, however, was preceded by a good deal of work developing and refining
a methodology to code and analyse the hours of interview material which had been recorded and
transcribed.

D. METHODOLOGY

The first stage of the coding process involved the generation of coding categories. In this
work, as in the later stages of coding and analysis, we were very much influenced by the “grounded
theory” approach to qualitative research, particularly as it has been articulated by Strauss and Corbin
(1990) and as it has been adapted to feminist research concerns by Kirby and McKenna (1989). In
keeping with the commitment of these researchers to allow the data to structure the theory, we
constructed out of the students’ discourse the categories which were to become the building blocks of
the analysis, applying a process which Strauss and Corbin call “open coding”. We used a small
sample of inferviews to generate the central coding categories and to begin to delineate the dimen-
sions in terms of which these categories could be understood. For example, it soon became apparent
that it would be important to carefully record the ways in which students connected to the sciences.
Hence, the first coding category “interest in science” was generated with its attendant dimensions,
allowing us to identify both qualitative and quantitative aspects of that interest. The next category
“science career” quickly followed. By the fourth or fifth interview, we felt that we had a set of coding
categories which could be meaningfully applied to the rest of the interviews in the sample. Occasion-



ally it was necessary to add new categories and new dimensions to our repertory but this became an
increasingly rare occurence as the work progressed. The categories used for the coding stage of the
analysis are presented in Appendix 6.

In practice, when a piece of student discourse was coded, it was physically transferred from
the text of the transcript, along with an identification code, to a card bearing the name of the
category and the identification code of the student. We worked very hard to preserve the integrity of
student speech and to respect the coherence of their ideas by reproducing significant portions of text
verbatim. The entire coding procedure, repeated once again for the final interviews with each of the
students, was immensely time consuming, even with the use of the computer for the blocking and
transfer of text. However, the very intensity of the process allowed us to enter the students' lives and
to share in their understandings in a way which might not have been afforded by a less *hands on”
methodology. As we prepared to begin the final stages of the analysis, we were able to use informa-
tion from the coding process to further refine our persistence groupings. This coding process helped us
to see that students who entered Cegep in health sciences and who graduated with the intention of
continuing in this area of the sciences had a different persistence story to tell than those who began
their careers in pure and applied science. It also became clear that there were students whose
persistence in the sciences had been so very much shaped by a desire to go to medical school that
they represented a distinct group. Among the non-persisters, we distinguished those who left the
sciences for another programme at Cegep from those who achieved DEC's in the sciences but went
on to programmes of study outside of the sciences. After careful consideration, we also opted to treat
the students who had been highly successful in the sciences but had entered university in different
disciplines as a separate group. The resulting organization of data is, as has already been mentioned,
represented by the chapter headings of this report and each chapter can and should be read as a
different persistence story.

To create these stories, we adapted Strauss and Corbin's approach to the building of a
paradigm model in the analysis of qualitative data. Here our goal was to recombine coding catego-
ries in such a way as to create a narrative structure which would help us to understand how a particu-
lar set of motivations, attitudes, and experiences were connected to a particular path through the
sciences lor out of the sciences). The stories would, of course, also be shaped by the longitudinal
nature of the research, as represented by the two interviews which we had transcribed and coded. As
we worked on this aspect of the analysis, it became clear that in the movement to increasingly
abstract levels of analysis, we risked losing the individual stories out of which the analysis had grown.
In the interests of preserving the particularity of the individual histories for further research and in an
effort to render the entire process by which generalizations are drawn more transparent to the
reader, we opted for a narration which placed the individual students firmly at the centre of the story.
The result is a narration rich in detail, we think, but also more cumbersome than a more constructed
product. As a compromise, we offer those readers who may be less inclined to pursue the details of the
biographies of each student on each persistence pathway a two page summary at the beginning of
each chapter, highlighting the characteristics which distinguish the particular group under discussion.

From the beginning of the research, we suspected that physics as a subject played a par-
ticular role in students’ decisions with respect to persistence in the pure and applied sciences. Since
our suspicions were echoed by both students and teachers who described physics as a gatekeeper to
this area of the sciences, we asked students participating in the research to complete a standardized
inventory of their attitudes toward physics at both the beginning and the end of the research. For this
purpose we chose to use an adaptation of the Mathematics Attitude Inventory developed by Richard



Sandmann (1979) with which we had had considerable experience. Clearly the information yielded
by such an instrument in the context of a small sample such as ours is of limited value; however, it did
seem to us that this data might serve as a means to verify some of the patterns which we felt were
emerging from the interviews. We focused particular attention on the changes in students’ attitudes
toward physics over the course of the Cegep years as these were measured by the inventory, and we
checked to see how these were affected by gender, students marks, and the persistence groupings
which we had established. The results, once again to be read without attaching undue importance to
them, suggested that we were on the right track in our organization of the data. We were not
surprised to discover that on three of the six scales of the inventory (Perception of the physics teacher,
Enjoyment of physics, and Motivation toward physics) students’ marks had a significant effect on
changes in their attitudes. As Table 5 indicates, these changes were in the direction one might logi-
cally expect within what has become a familiar pattern; that is, the students’ attitudes toward physics
tended to become more negative as they were exposed to the subject, and the students with the
lowest marks were the ones who reported the largest negative shifts in attitude.

Table 5: Significant Effects of Students Marks in Physics on the Physics Attitude Inventory

Scale I: Perception of the Physics Teacher

Average Physics Mark CHANGE 1
Q0-100 -1.58333333
80-89 -0.60076923
70-79 -1.37515385
60-69 -2.52100000
Below 60 -7.53507143

Scale V: Enjoyment of Physics

Average Physics Mark CHANGE 5
Q0-100 -1.83333333
80-89 -1.53846154
70-79 -0.61538462
60-69 -3.61800000
Below 60 -5.85714286

Scale VI: Motivation Toward Physics

Average Physics Mark CHANGE 6
G0-100 -2.66666667
80-89 -3.26923077
70-79 -1.35653846
60-69 -3.19492308
Below 60 -5.64285714




We were, however, interested to note that our persistence groupings, adjusted to allow for statistical
manipulation by eliminating the smallest of the groups, also significantly influenced two of the sub-
scales [Anxiety and Enjoyment). It is consistent with our interview information, to which we shall shortly
turn, that it is the students who enter and exit Cegep in Pure and Applied Science who should register
the least amount of change on these scales (Table 6). The substantial drop in scores on the enjoyment
scale for both groups of non-persisters, that is non-persisters who enter Cegep in Health Science and
those who enter in Pure and Applied Science, matched by the drop recorded for students who persist
in the health sciences, also served to confirm our sense that attitudes to physics were related in
important ways to patterns of persistence (Table 6).

Table 6: Significant Effects of Persistence Pathways on the Physics Attitude Inventory

Scale Il: Anxiety / subgroups of ENTRY-EXIT" (entex)

ENTEX CHANGE 2
H-H 4.75000000
H-N : 1.28571429
P-H 1.77777778
P-N 4.03571429
P-P 0.54545455

Scale V: Enjoyment / subgroups of ENTRY-EXIT* (entex)

ENTEX CHANGE 5
H-H - -3.6250Q000
H-N -3.22414286
P-H -1.27388889
P-N -5.14285714
P-P -0.09090909

‘Note: H = Health Sciences
N = Non-persistence
P = Pure and Applied Sciences

Gender seemed to have the least effect on changes in attitude over the Cegep years (Table 7), with
a significant difference in the rate of change occurring only on the scale measuring the perception of
the physics teacher. We were interested to note that it is the men in the sample who experienced the
largest negative shift in attitude toward the teacher. While speculation about the causes and implica-
tions of this finding are tempting, we are inclined to resist, given what has already been said about the
difficulty of drawing conclusions from data based on such a small sample.

Table 7: Significant Effects of Gender on the Physics Attitude Inventory

Scale |: Perception of the Physics Teacher

Gender CHANGE 1 / ISMEAN

Women -191257895
Men -4.79871429




D. THEORETICAL FRAMEWORK

Gender enters the analysis in two different but not unrelated ways. On one hand, we have
found that by looking at students in terms of the way they persist in the sciences, we can speak
meaningfully of a constellation of motivations, attitudes, and experiences, which admit of individual
differences but also speak to the existence of a group coherence. Thus, for example, our analysis
suggests that there are important ways in which students who continue in pure and applied sciences
distinguish themselves from students who persist in the area of health and biological sciences. It seems
important to focus on this group coherence, as part of an effort to understand which students are
selected into the sciences and on what terms. Gender here finds expression, we think, in the fact that
women are over-represented in some groups and under-represented in others. On the other hand,
within the various persistence categories and across these categories, we find evidence of gender
differences, too consistent to be ignored. Some of these differences emerge as part of the interview
data and we save discussion of these for the end of this report when the reader is more familiar with
the students and their stories. Other gender differences, however, emerged from the statistical profiles
which we drew of the students and they allow us here to address a few of the central issues involved
in the framing of the analysis.

For example, it has become commonplace to recognize that women's achievement in the
sciences equals that of men (Lafortune, 1986; Lafortune and Kayler, 1992; Rosser, 1995). Indeed, our
own sample in which the womens marks equalled and, in fact, surpassed those of the men, reflects this
general tendency. In reviewing the relationship between achievement level and persistence in our
sample, we were particularly drawn to focus upon the marks which students achieved in their physics
courses over their Cegep careers because of the previously mentioned gate-keeping function of
physics. Using average marks in physics as one marker of achievement, we were able to begin to
trace interesting gender differences in the way that achievement is associated with various patterns
of persistence for these students (Tables 8 and 9). For example, we were struck by the fact that while
all four of the young women who were persisters in the pure and applied sciences achieved physics
marks of over 80% (Table 8), achievement in physics as measured by such marks seemed to be less
important for the men who planned to continue in this area (Table 9). In fact, one of these young men
had an average physics mark of under 60%. We would caution here that these statistics reflect the
particular reality of a small sample. They serve nonetheless as a suggestive point of departure be-
cause they echo the findings of other researchers in the field who identify high achievement as one of
the factors affecting persistence in science for women (Zuckerman, Cole, and Bruer, 1991).



10

Table 8: Average Physics Marks and Persistence Pathways for Women

EXIT Pathway
Average Physics Mark
Health Science | Non-Persistence | Pure & Applied Science Total
4 1 1 6
90-100 66.67% 16.67% 16.67% 15.79%
20.00% 7.14% 25.00%
4 2 3 9
80-89 44.44% 22.22% 33.33% 23.68%
20.00% 14.29% 75.00%
8 2 0] 10
70-90 80.00% 20.00% 0.00 26.32%
40.00% 14.29% 0.00
1 4 0 S
60-69 20.00% 80.00% 0.00 13.16%
5.00% 28.57% 0.00
3 S 0 8
Below 60 37.50% 162.50% 0.00 21.05%
15.00% 35.71% 0.00
Total 20 14 4 38
52.63% 36.84%. 10.53% 100.00%
Table 9: Average Physics Marks and Persistence Pathways for Men
Average Physics Mark EXIT__| Pathway
Health Science | Non-Persistence | Pure & Applied Science Total
] 0 3 4
80-89 25.00% 0.00 75.00% 19.05%
25.00% 0.00 33.33%
] 0] 2 3
70-79 33.33% 0.00 66.67% 14.29%
25.00% 0.00 22.22%
2 2 3 7
60-69 28.57% 28.57% 42.86% 33.33%
50.00% 25.00% 33.33%
0] 6 ] 7
Below 60 0.00 85.71% 14.29% 33.33%
0.00 75.00% nn%
Total 4 8 9 21
o0 19.05% 38.10% 42.86% 100.00%




Many explanations, too many to review here with any degree of fairness, have been offerred
for why this pattern, in which only the “best” women persist, should hold sway. In recent years, those
models which see in this pattern an index of the relatively lower levels of confidence among women
have exercised considerable influence in the area of pedagogical research (American Association of
University Women, 1990; Mura, 1986; Robertson, 1990; Zuckerman, Cole, and Bruer, 1991). Indeed,
as we listened to the stories which these students told about their experiences in and perceptions of
science education, we found evidence to substantiate this view. The women in our sample do, in
general, regard their futures more tentatively than do the men in the sense that they see their achieve-
ments as being more fragile, their successes as being more susceptible of reversal. They are more
likely to complain about being constantly anxious; they worry more about their performances and
suffer more from self-doubt. However, without dismissing the importance of these issues in these wom-
ens lives, we want fo caution against a too hasty embrace of low self-confidence as an explanatory
model for the relative absence of women in the sciences. We have written elsewhere (Davis and
Steiger, 1994 and 1995) about some of the difficulties which we have encountered in applying this
construct in this area of research. What we would particularly emphasize here is that by focusing on
low self-confidence in women, we are discouraged from asking questions which seem at this stage to
be of equal importance. For example, if we look only at the young people represented in Tables 8 and
9, one might legitimately ask how it is that the men, with very modest achievement records in physics,
feel that they can and should persist in the pure and applied sciences. Or one might be drawn to the
cases of the three young women, represented in the centre column of Table 8, who, with physics marks
averaging over 80%, (and very similar marks in their other science courses) become “non-persisters”.
Our research suggests that we need to give serious consideration to the ways in which such instances
of non-persistence are, in fact, based upon reflective; ‘purposeful decision-making. The interviews
shed light upon the circumstances and the terms in which such decisions are made. They have sensi-
tized us to hear similar themes in the stories of other students, overwhelmingly women, who, though
they remain in the sciences, at least at this stage, leave the pure and applied area in large measure
because they cannot relate to its subject matter. In short, we would argue that self-confidence is only
one factor here and that, among our students, it is rarely determinant. Our interview data suggest that
the interests and visions which students bring to their studies are of equal, indeed greater importance,
in the matter of persistence, and this same data offer compelling evidence of the positive role which
such students might play in a science better able to accommodate them.

As we were drawn into the stories of these young peoples lives, we came increasingly to
feel that a broad conception of gender, one more closely related to the idea of culture, was the one
best suited to analysing our data. Using this approach, we have explored what the students say as
expressions of people participating in different gender cultures, their actions conditioned by different
systems of value and expectation, and also by the ways in which gender is bound up with relations of
power in the society. As we thought about gender in this way, we began to see that persistence in the
sciences might represent a form of achievement with different gender meanings, that the act of
persistence itself might be mediated differently by different gender cultures. One of the students
whom we interviewed speaks about her experience in this regard:

| feel | have more of a motivation than a man does. You know? A man is like,
okay, well, many men have been there but Im doing this and saying to myself,
well Im going to try and change this. You know? I'm going to try and be one of
those women that's going to be up there and do that job just like @ man can. Like
a man feels like he's expected to. There's nothing much to it when you see another
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man. You know? | see my friend and he has a different motivation which is totally
personal. As far as @ man from a woman, men have already done that, have
already so to speak proven themselves. I'm trying to prove myself and I'm trying
to prove it for the women as well.

It is important to say that not all of the women who participated in the research share this woman's
feelings about their achievements; nor do they all understand the impact of gender in their lives in the
same way. Indeed this is precisely the point, since our work in this area reveals a continuum of
gendered experiences more frequently than a dichotomy of masculine and feminine behaviours and
roles.

This conception of gender has allowed us to pursue several different strands in the research
data. For example, in the students’ stories, as in the students' lives, issues of gender are very much
involved with issues of race, class, and ethnicity and we have attempted, as much as possible, to
capture the interpenetration of these different “cultures”. The notion of culture has also provided us
with a tool for problematizing the entry of men and women into the sciences. In this respect, our own
work has been particularly influenced by those researchers who have emphasized the historical and
constructed nature of the scientific disciplines and the ways in which masculine bias has been part of
their development (Barad, 1995; Easlea, 1987; Harding, 1986; Keller, 1985 and 1992 Merchant,
1980). Researchers such as Hacker (1989), Tobias (1990), and Finkbeiner (1994) have explored the
ways in which specific scientific cultures privilege certain forms of masculinity, disadvantaging those
whose behaviours and orientations have been shaped by other experiences. Our own research moves
in the same direction. Their conclusions find resonance in our own findings as we examine what
teachers have to say about their teaching in this area. We begin, however, with the voices of the
students.



|l. STUDENTS ENTERING AND PERSISTING IN
PURE AND APPLIED SCIENCE

A. SUMMARY

There are 11 students in this group: seven men and four women. They all enter Cegep in the
Pure and Applied Science Programme (though one man and two women are in the enriched portion
of this programme) and at the time of the last interview they all report plans to continue their studies
in the area of pure and applied sciences lincluding computer sciences) at university. All the students in
this group expect to receive a DEC in Pure and Applied Science, though one of the students plans fo
leave Cegep before completion of the DEC in order to take up a soccer scholarship. Because he
anticipates continuing fo build a science profile at this school and because he plans to enter university
in architecture, we include him in this group. The students in this group span a wide range of achieve-
ment levels. At the lowest end of the spectrum are students with science averages which are below
60%. At the time of the last interview, these students are still struggling to amass sufficient credits to
graduate. Three students finish their Cegep educations with science averages in the 70's and the rest
of the students in the group achieve science averages of between 80% and 90%. The group includes
some students from private high schools; however the maijority of the students in this group attended
public high schools before coming to Cegep. A range of ethnic groups is also represented and more
than half of the students report speaking a language in addition to English or French.

The students in this group resemble Tobias' “first tier” in that they have personal and often
fairly intense connections to the subject matter of science, usually in an area of pure and applied
sciences. This is particularly true for the men in the group who talk about “always " loving science,
tinkering with electronic gadgetry, living for as long as they can remember with a curiosity about how
things work. The women, too, clearly enjoy science and take pleasure in the discoveries which they
have experienced through it. They feel a connection to the subject matter of this area although they
differ from the men in that their interest in science is more school mediated and less integrated into
their daily lives. In the first interview, women as well as men say, with a great deal of certainty, that
they want careers in the pure and applied sciences, particularly engineering. Of all the students, only
one young woman expresses any degree of ambivalence about the appropriateness of this choice for
her. In the students' stories, it is clear that their commitment to this area of science, grown out of
inferests and preoccupations which are important to them, is sustained by many aspects of their lives.
Three of the men have fathers who were themselves trained in the sciences, two as engineers, and all
of the students see their own entry into this area as a promise of security. In fact, many of the students
understand the superior status of science in terms of job prospects, earning potential, etc. For the men,
these career aspirations are further reinforced by fairly conventional desires with respect fo marriage
and family. They want to be “good providers”. Moreover, with the exception of one woman in this
group, all of the students have little interest in and, in fact considerable antipathy for, their non-
science subjects. The majority of them identify physics as among their favourite subjects; they describe
the sciences almost exclusively in terms of the physical sciences with which they are already familiar;
and, although many would agree that there is work involved in being a successful science student,
many more feel that abilities and talents which they sense they possess also play an important role.

They therefore embark upon their Cegep educations with a sense of being in the right
place. They turn fo their studies with a strong sense of preparing for career and they approach their
work with a highly instrumental sense of what needs to be done. They pace themselves strategically
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in terms of their expenditure of energies; seek out relations with peers to facilitate note-taking and
problem solving; look to teachers to provide clear, uncluttered explanations of material in the class-
room and helpful support outside of class when peer networks fail. Significantly, the majority of the
students in this group report working only moderately in order to keep up. However, women students
are over-represented among those who complain about workload and anxiety.

The two years of Cegep education serve to confirm these students in their original inten-
tions, and this is true even for those students whose achievement levels are so low that persistence
seems entirely problematic to an outsider. In fairness, it must be said that these low achieving students
are among the minority of students in this group who express mixed feelings about the sciences at the
second interview. Two women are also in this group. The dominant theme, however, is consolidation.
Most of the students have chosen their careers quite precisely and speak about these choices with
animation and a fair amount of knowledge. Their science educations have reinforced their sense of
belonging in this area and, in fact, one finds little evidence that the students ever assume much
distance from this world. Their friendship networks are remarkably confined to students in the sci-
ences. Even outside interests are used to renew the energies which are then re-invested in academic
work and one of the young men tells us that he avoids relationships with peers which might be
distracting. Only the three lowest achieving students are drawn out of their studies by friendships and
extra-curricular activities.

By the final and most specialized courses of the Cegep years, these students come to
experience the fact that women are under-represented in the pure and applied sciences. They have
interesting observations to make about the impact of gender in this area and significantly, among the
high achieving students, it is the women who express a sense of marginality with respect to their
futures. ‘

For all of these students, the science subjects are the absolute centre of their academic
experience and physics retains and expands its appeal. Many of these students do come, nonethe-
less, to take pleasure in their non-science courses; however, the science courses are the clear focus of
their energies. They approach these with the instrumental orientation with which they began and
which has served most of them extremely well, adjusting the amount of work they put into study in
terms of their assessment of what is required. For some few, such adjustments have lightened the load:
for most more hours are spent doing homework, although two men continue to talk about “a gift"
which helps them do well in some subjects with a minimum of work. The students’ discussion of their
study habits sheds a good deal of light upon the relationship between their methods of study and their
ability to sustain a sense of being in control. Once again, the women are over-represented among
those to express anxieties and doubts in this area.

B. INTERVIEW ONE

1. Motivation

As the students discuss their motivations for entering Pure and Applied Sciences at the
Cegep, the degree of consistency in their stories is striking. In fact, the range of reasons for studying
science which they offer is narrow. Manuel explains:

Let me put it this way. I've always thought about why things used to start since |
was a child. Of course, | never actually applied..why they used to stand or why
they used to lean or...Oh yes, | always used to ask that to myself. | always wanted
to know the who, why, the 5 W's. I'm curious. But | never actually tabulated



anything because | didn't have any physics in me when | was that young. But as
time continued | started getting more background and more background and |
could actually see why..my questions were answered, Il put it that way.

Manuel's introductory remarks contain many of the themes which are central to our discussion. We
emphasize first of all the way in which he locates his interest in the sciences in a distant past, in his
own childhood. The word “always” appears frequently when these students discuss their interests in
the sciences and these are often bound up with relaxation activities, hobbies, and games. “I've always
been interested in just tinkering with things,” says James “and so now it's more or less developing into
the study of engineering.” Occasionally a parent or a relative is involved in the pursuit. Alex mentions
his mother when he talks about puzzles and mazes; Anthony says: ‘I really like planes ... My uncle
started me on it and it just grew bigger and bigger. | want to go into technology and build better and
bigger..." However, even when these others are present, it seems to us that the relationship between
these students and the sciences is really a personal one, at times intensely so. Alberto tells his version
of this story: “I like to build things. At home | have little papers and when | have nothing to do | build
my future house and this and that ... | play around like that.” It must be said, however, that these are the
stories of the men in the group. All seven of them tell them. There are no exceptions.

The women also talk about interests in science that stretch back over time. However, they
locate these interests, which are clearly of personal significance, in their school experiences. Anna
traces her interest in pure and applied science to a tenth grade science fair project on satellites,
begun with the encouragement of a cousin, which “went on and on". For Sharon, the source is numer-
ous school projects, beginning in at least grade four. Mei Li explains her commitment to studies in the
domain by saying I like to do math and | like doing experiments.” Later in this interview she returns to
this attachment to math and, in the process, her discussion rejoins the importance of curiosity with
which Manuel began:

You like to discover something and | don't know how to put it...And a thing that's
so ordinary that you think about it while you're learning and there's great theory
in it. | like to know those things.

It is inferesting that the orientations to learning of Mei Li and Manuel are quite different. Mei Li does
not see herself as the possessor of a series of questions for which science has the answers. She
celebrates the way in which theory can bring one to see the world differently. However, in Manuel's
story, learning does not change him in any way. He has the questions; science has the answers.

The only other motivation for entering the sciences which occurs with any degree of fre-
quency is related to career aspiration. Of the 11 students in this group, seven say that they want to be
engineers of various sorts. There is also one architect, one physicist, and one computer scientist. It is
striking how little ambivalence is expressed by these students when they talk about their future plans.
Only three students report having given thought to an alternative career in the sciences, namely
medicine, and by the first semester of their Cegep careers, two of these students have already
abandoned this idea completely. If one thinks about these career aspirations as an index of how these
students orient themselves to the future, then it seems fair to say that their approach is above all
practical, and this is particularly true for the men.

While the women, like the men, see their career plans as growing out of their science
interests (Anna describes a project which she enjoyed doing for school, the associated reading, and
then the discovery that “there's actually a job that could involve sciences and math”), the men explain
their career choices in other terms as well. Nick expresses the issues most clearly: “Well, | was inter-
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ested in doing something important when | finish my studies ... something that makes good money to
support a family and have a nice life." He continues: ‘| want to be going to work with a suit on or
whatever...A good job...| don't know how to say it..a good job.” Joseph, too, clearly has interest in the
sciences per_se, particularly things that have to do with electronics; nonetheless, finding a career
which will allow him a “decent” income is an important motive for his choices. As he himself says: “[it
was] pretty much all that was left that had the potential to give me some money in the future...” He
elaborates on his desires to integrate these two criteria: interest and security. “Something concerning
electronics ... something that's rare. | don't want something that 5,000 people are on a long waiting
list for and even if they have Ph.D. they still can't find a job. That's useless. | want something that's in
demand. I'm still looking for that.”

In this respect the mens connections to the sciences are reinforced by fairly traditional
aspirations in terms of marriage and families. All seven of the men say that they do want families some
day. Alex's response is typical of the men in this group: “Yeah, | see myself with a family and, hopefully
a good paying job and being able to support my family, you know, give my family what they want".
The issue of supporting a family never comes up among the women. Susie says:

| hope Il be married. | want to have a job though. | don't want to stay at home as
a housewife. | don' like being dependent on people. | want to work for myself. If
after something happens when Im married | can go back to the workforce and
support myself instead of having the man always supporting me.

Although they all say that they would like to have children, they all recognize this desire as the source
of potential conflict in their lives. At least, this is the way that we read the hesitation in their responses:
“| don't know if I'm going to do that but I'm pretty sure Il have my career first," says Sharon and Susie
speculates: "..maybe one or two kids...| know probably the first year | would stay with them. Maybe
| would put them in daycare or something or babysitters...| don't know.” The problematic nature of the
undertaking surely also underlies Anna's resolve: | would make it work. | would like both.”

Three of the students also mention that they have enjoyed good grades in the sciences and
that this played a role in their decisions to continue in the sciences. However, the discussion of grades
is really tangential to the importance of liking the sciences. Alex says: ‘I really liked taking the science
courses. | did very well in chemistry and physics. And, so, like when it came time to do my selections, |
wasnt sure what | wanted to do, but | knew | liked sciences..." In the same way, Manuel mentions,
almost in passing: “My grades were fairly high last year so | thought | would be able to do it. Of
course, | enjoy sciences and | see that theyre related in our everyday life situation.”

Of the eleven students, only one expresses ambiguous feelings about the sciences and that
is Susie. She begins: “I'm not sure why I'm in the sciences now. | went in but now | don't know if | should
be in there. | dont know where to go so for now I'm just going to stay in there until | find out what |
want to go into.” She elaborates in some detail:

| don't know if | like it [science] or if it's because I'm doing good in it. | guess I'm
dividing everything into what.| dont want to go into. I'm putting out the stuff |
really don't want to go into like law - for sure, I'm not going there - and | don't
want to go to health. The only two things left for me is business or science but |
don't know if | want to go into accounting because | know a lot of people are in
accounting ...and they don't have much jobs....

Finally she says: “there are a lot of things | don't know. There are a lot of things in science that I'm
learning but | don't see how I'm going to use it in life...| do it because | have to do it because if | don't



know how to do it | don't get my marks.” For the moment, Susie clings without much conviction to her
brother’s suggestion that she go into computer science. ‘I don't know if | want fo sit in front of a
computer for the rest of my life," she worries. On the other hand she reasons: ‘I don't see myself
designing and building and thinking of technology for airplanes and things." In the final analysis, she
reassures herself: “If | go in the sciences it's easier to switch to another field. Like you have the highest
acadenmic thing, | guess....”

Of the other students in this group only Anna talks about interests which might take her out
of the sciences. She tells us of her interest in video communication and her achievements in English. ‘I
love writing,” she says. For the rest of the students, however, the strength of their attachment to the
content of the sciences is matched by the intensity of their aversion to their non-science subjects. As
they describe their experiences in their non-science courses, one is struck once again by the similarity
of their perceptions. Alberto says:

| hate English, not that | hate English, | do good in English but | don't like English...
like math because it's right or it's wrong....In English, oh, it could have been this, it
could have been that, you could write this, you could write a little bit more on
that, you have to read between the lines...You know?

Anthony says: "Humanities | can't stand...My English, well, English is normal, you read. | don't think [l
really need that. | mostly concentrate on my concentration courses and | don't do a lot of work on the
others.” “I'll put it this way,” says Manuel, “I put my math and physics and chemistry first and then my
other subjects.” Alex and Joseph also make it clear that they find nothing to capture the imagination
in the non-science world. “I like classes that have, like, you know, a formula kind of thing,” explains
Alex. "..You have to figure something out...| don't like things where you have to remember dates and
people and everything.” Some of the students do talk about working in their non-science courses;
however, their descriptions make it clear that for them the work is a struggle. Joseph observes: ‘I try
and give it all | have™ but then he goes on to explain:

let's say | look at something on TV. or | read about something | always wonder
about how it works - whether it's physics or chemistry because it depends on
what I'm reading. | wonder how it works and what makes it tick. In English there's
no such thing. It's just an explanation or by heart and that's it. Just understanding.
But in mechanics and chemistry there's something..like something that makes it
move.

Susie complains: “In English you have to use your imagination. You take stories take parts because
there's a lot of symbolism and imagery and all that stuff but | don't pick it up...! like sciences better than
English. | hate languages. | don't know why.” Since most of the students come to these courses with low
motivation, they count, with little real optimism, upon the teacher to sustain their interest. James says of
his experiences in English, “it's a very monotone subject and if they don't bother explaining it well then
students get turned off” As Mei Li says: "..f Im not in science, | will get very boring. | just don't want to
go to class. If | am in science | really enjoy the class and | like to be in the class.”

As already suggested, several of the students say that their spare time is spent doing what
they perceive as science related activities. “Some of it. Well you could say most of it says James.
Joseph describes doing various kinds of tinkering and repairs around his house. He also reports
enjoying reading but “I'm not much for novels like those big 500 page books and all that,” he points
out. He reads Popular Mechanics, Popular Science and “science articles or anything concerning
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science’. This seems to be particularly true for the men. Nonetheless, Sharon also reminisces about a
time when she raised tropical fish with great interest and she tells us that recently she has been doing
some reading in the area of quantum physics on her own. Aside from these activities all of the men
report being interested in sports. Most of them pursue some sport actively, and, of course, Alberto is a
serious soccer player. The women seem to have a slightly wider range of pastimes, including piano,
gymnastics, reading, and travel. Anna tells us “you have fo have a life. You have to try and fit that in.
You cant just be in school and thats it..." It seems fair to say that for all of these students, science
education is seen as an investment in the future and because of this they attempt to give it priority,
quite self-consciously balancing it against other claims: a part-time job in Alex's case, a heavy sched-
ule of practices and games for Alberto, work in a family business for Joseph. Most of them see their
education as following a straight course which ends where career begins. Although two of the women
talk about the need to refresh ones knowledge in order to keep up with technological change, only
Sharon voices a conception of education which goes beyond preparation for career: ‘[l hope for it to
go on and on and on," she says.

The view of science education as a route fo security is one which many of the students see
as being shared by their families. Manuel, who would be the first university graduate in his family,
explains his parents’ ideas here: ‘It [education] has to be a good thing if you're going to do something
with it. If you're just in school for the sake of it they disagree with that.” Susie says: ‘[My mother] wants
me to have a good education so that | can get a good job and support myself after if anything
happens like in the family.” Within this context, she thinks about following in her brother's footsteps into
engineering, in spite of his suggestion that she enter computer science. A few students mention rela-
tives or family friends who are seen as having been influential in making the field of engineering
seem attractive. Three of the students have parents who were themselves trained in some area of the
sciences, two in engineering; however, at this stage, only James identifies his father as a source of
specific encouragement: “My Dad has always been interested because he's an engineer and so he's
gotten me interested in the same thing.” We are told that Nicks father is also an engineer.

2. Attitude

The students' discussion of the sciences and of science curriculum is, not surprisingly, shaped
by their experience to date in this domain. For the most part, they define science as physics, math, and
chemistry and they are, even at this relatively early stage in their educations, convinced of the rela-
tionship between the subjects which they study. James says: “Id say it's anything to do with basically
physics and chemistry. Anything having to do with those subjects say are in the sciences” or as Susie
says in searching for a way to define science:

| don't know how you explain it. | think of it more as the pure sciences. How the
world works and how everything..for physics...everything we do has some phys-
ics in it. The way you walk, how you stop, why things are there..| guess it's more
like how everything in the world and the universe functions. | don't know....

“[Science subjects] are connected,” insists Joseph.

Like the physics teacher said very clearly that calculus is made for physics. And |
see it...Chemistry | don't see the relation between math and chemistry and phys-
ics. There is a bit between physics and chemistry of course. Maybe | haven't
learned enough yet but I've seen a bit there. There has to be some. They are
connected in some way.



Alex ventures this explanation: “They give you those basic three because theyre the ones that give you
the most information on topics....

As we listen to these students we come to see them as people who are embarking upon
their science educations with a basic sense of themselves as being well-suited to this endeavour. The
maiority of the students share Josephs sense of a basic fit between science students and their educations.
In response to a question about improving science education to make it more attractive to young
people, he says:

| don't think you can...If you have good teachers who are motivating ... A student
has to like the subject ...Some are more inclined to music and art and some
towards commerce. You know like business and you work in groups to make some-
thing work. Others like science and they like the logical procedure in the scien-
tific method and all that...They like it. So a good teacher and a student who
wants to succeed is all you need | guess.

There is also a consciousness that Pure and Applied Science has an elite status in the academic milieu.
As Alberto observes: ‘I find that people hear in Pure and Applied and Health Science or anything in
the sciences it's like, wow! That's big." “They think you're really smart,” says Susie. Although they seldom
claim to be smarter than other students, these students do have a sense of themselves as possessing
traits and abilities which contribute to success in this domain. For some students the precise nature of
these abilities is difficult to capture in words. Here is Alex describing them:

Like, you know, some of my friends think, because, you know, some of my friends
think, you know, they don't do as well in school as me, you know, like | don't know,
they kind of think of me as smarter sort of, but they don'..like in different ways,
you know, maybe when it comes to schoolwork but in other ways they're more
intelligent than me, maybe, you know..

Other students are clearer about what it takes. Joseph, for example, suggests:

Well, me, | don't know...| notice | can't...When | ask a question | don't like getting
an answer “because’... theres no "because”. There's always a reason. you know?
| like looking for the reason. Even if | have to do it alone...! like looking why... Where
does it come from? | always like to have an explanation.

Only Alberto insists that “anybody can be successful in the sciences if they want to. It does take work.
Youve got to really want to do it." Anthony also emphasizes the importance of hard work: *...you
always have to keep up with the new material because if you don't you're going fo struggle.” Interest-
ingly enough, however, he adds that, without the work, “you're going to still make it but you're going to
have a rougher time." In fact, in various ways, most of these students share this view. Hard work is a
condition, but it is only one condition, of their achievement. Susie explains: “Well, in order to be in
science you have to work very hard. | think you have fo know how to abstract...abstract thinking. How
to take certain information and apply formulas...| don't know.” Then she turns to consider the particular
aptitude which she feels that she possesses, to express something of its mystery.

There are some people | know and they don' really understand how to take a
story problem into math or something and take little bits of information and apply
like five formulas to it and we get the answer. Somehow | don't know why but |
can just read a question and just do it automatically. Know how to do it. | think it's
hard for others to just understand how to figure out the answer.
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James calls this his "knack™. Manuel says “basically you have to know what you're doing” and when
asked about the way in which he comes to know this, he responds: “It came naturally.” While he points
out that “some homework must be done,” Sharon ascribes her success almost entirely to innate ability.
Discussing what makes a successful science student, she reflects: *| guess they just have a more natural
talent and aptitude kind of thing for the concepts. For me personally it couldn't be studying. | do not
study.” Nick, a student who is already beginning to suspect that he is going to have difficulty in his
courses, wonders if there is a "science type". It is with considerable discouragement that he admits: I
don't know...| don't know. There could be. From what I've seen there could be."

All of the students deny that gender is related to success in the sciences, although James
observes that “there's not that many girls who are interested in computers.” The students are particu-
larly keen to debunk the view that women are disadvantaged in any way. In fact, where they do
observe gender differences with respect to behaviour, they say that it is the women who demonstrate
greater investment in their studies. Joseph, for example, says: *..maybe there are more boys who aren't
really interested and who give up faster. if they don't understand it, forget, push it aside and go to
something else. But the girls like to go further and they like to learn more. They're more inclined to
study. | don't know why but that's the way it seems.”

Mei Li, Susie, and Anna all agree and Alberto makes the same observation, although he
minimizes its impact: | find maybe the girls are more willing to ask questions and the guy is like, okay,
I've got an image to protect and | don't want this girl to think that I'm...You know? But basically it's
around the same thing". Only Manuel says that in his experience “the boys are more involved” and
“are still on top.”

What particularly characterizes this group of Pure and Applied Science students is the
number of them who identify physics as among their favourite subjects. In fairness it must be said that
this preference is occasionally expressed within the context of the denial of any particularly strong
subject preferences. Alberto says: | don' love...| do like all my classes. You know?" Arriving at a similar
conclusion from quite a different direction, Anthony observes that he favours physics although “I don't
know, | take them all the same. You know? | don't really look forward to any particular class.” Some of
the students also say that they like physics but that they have an even stronger preference for math-
ematics. This is the case for Manuel who argues that math is “the most relevant because it involves
numbers and everything goes around math.” Alberto also gives math first place “because it's right or
its wrong. Period. You know? I'm very straightforward. You know? If | have four bananas and there's
five there, it's wrong. You know? It's right or it's wrong.” There is an interesting division among these
students in terms of the reasons which they give for preferring one science over another. Students like
Alberto and Manuel speak about the intrinsic qualities of these preferred subjects. James echoes
Albertos sentiments as he describes his preference for physics over chemistry:

..in chemistry it's like bonding atoms as in it's abstract. It's not something you can
actually..well, not always touch and feel and things like that...its like...going back
to the tinkering, it means using my hands or something or that | can see. Chem-
istry is not like that.

Although not all of these students would insist upon the priority of the concrete over the abstract, they
all do share the view that they must find a subject intrinsically interesting, for whatever reason, in
order to like it. Thus Alex, who in fact identifies chemistry as his favourite subject, says of physics “I've
always been interested in physics, you know,...because it's, like, kind of like a puzzle where you have to
piece it together kind of thing, you know. So, it's kind of interesting too. | like those kind of things." For



these students, as James says: "If you like what is being taught that's mainly where the interest lies. Not
necessarily that you do well on the exam.” In fact, Sharon continues at this point to sustain an interest
in physics in spite of her disappointment with what is being taught in her course. ‘I just want to do more
serious, completely different [physics] she says, “what | want to do is quantum mechanics ..redlly,
really flat poles at the end of the universe...It's really different.”

For the other students in this group, understanding is the sine qua non of their liking for a
subject. “I have to understand it to like it," says Joseph. “If | enter a subject and it's like Chinese to me
| don't know what I'm learning and it's useless. | won't get anywhere...” On this basis, he tells us that he
has come to prefer physics to chemistry this year. This sense of mastery, attributed to a better high
school preparation, tips the scales in favour of chemistry for Anna. In the same way, Anthony says: 'l
dont really have a favourite. | guess physics will be there because | find it easier.” and Mei Li, who
agrees that physics is interesting, opts for math as her favourite “because it won't be hard work. We
have regular work and it's more comfortable to see the material...” Nick, the student in this group who
expresses the most negative attitudes toward physics, blames his problems in this subject on the teacher
and says “l like chemistry a lot...I always did good in chemistry.” At this stage, Susie seems to be the
most atypical of these students. She says that she has no preferred science subject at the moment and
in response to the question, she explores a range of interests which are unique in this group. “In grade
nine, | liked biology,” she tells us, “and now I'm taking psychology and I'm learning about the body. | like
learning about how you think and how everything works in our body. It's interesting. In physics....| don't
know about physics. My teacher tells us things about physics that | don't see what I'm going to need it
for”

3. Experience

As the students talk about their actual experiences studying science at Cegep, one is struck
by the highly instrumental approach which the vast maijority of them take to their academic work. They
speck about the need for efficiency, organization, and strategic pacing of their energies. A good
deal of this talk takes place within the context of their concerns about what they perceive as an
increased workload at Cegep: “It's getting a lot...all of a sudden,” observes Alex. “[llt goes much faster.”
James agrees. Although it is difficult to gauge how much work any student actually does, it is interest-
ing to us that relatively few students in the group complain of over-work. In fact, for some of these
students it would seem that any work at all represents a change in their experience of science
education, and this is true of some of the very high achieving students as well as the weaker ones.
Sharon says: “Well, | just never studied” and she is not atypical in this respect. Manuel describes a very
similar experience: "..in high school, | didn't really have to do much studying for my science.” Anthony
also says: “In high school, | never like studied really, really for a test” As James explains, “...in my old
school it was simple enough that | could understand it on the spot and | didn't have to worry about
working at home. | could completely understand the theory behind it. It was grasping facts and | was
able to use it again later on in exams.” He points out that Cegep teaching differs primarily in terms of
the speed at which material is covered in class. "Here, now, they throw the subject at you and teach it
and they go on to the next..Now I'm trying to find a system. That's what I'm trying to work out.”
Although James laughs when he speaks about “a system”, it is interesting that several of the students
in this group speak about self-conscious efforts to develop strategies for dealing with these new
workload demands most efficiently. “The main thing is, is to adapt,” Manuel tells us. Alberto is particu-
larly pleased with the new perspective offered him by a physics teacher:
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He said, You have to go home and practise, you can't just look at it, and he used
the example of hockey. He says, You cant be watching TV, watching Wayne
Gretsky skate and just by watching him you know that, Okay, tomorrow I'm going
to go out and skate like that. You have to practise. It's the same thing in physics.
It's true, | never thought of it that way. It's very true.

As these students describe their current study habits, however, it is clear that the students
who report doing little work in high school continue to see themselves as expending only moderate
amounts of energy on their school work. One cannot help but feel that they have made self-conscious
strategic decisions in this regard. Sharon finds that her old approach continues to work in this new
environment. “If | listen and | pay attention | usually get it all in one shot...Homework...They don't
usually assign really big things. You usually do it pretty fast. Like maybe doing it in lunch hour for five
or ten minutes or during classes during review a little here and there." Anthony says: “There's a lot that
do more work than me. Sometimes it just comes naturally to me like in physics. | don't really have to do
a lot of the work.” Alberto suggests that this is in the nature of subjects like mathematics. *..I don' find
math something you can study for. Like in English you memorize something...Math is something that
you either understand or you don't.” Furthermore a student like Alberto sees himself as balancing his
efforts, trying fo maintain results which are “good enough™ without sacrificing other activities which
clearly have priority in his life. “I'm the type of guy that sometimes slacks off a bit on the work and
goes to the soccer games,” he confesses. Alex also falks about achieving this balance:

Well, you know, | also have lots of time for myself to, like, | put aside time for
myself to do things with my friends also. So, like, but you have to have some
dedication to, like, stay in the sciences, you know, like and do all your work and,
because especially in college, you know, like, if you don't want to do it, you don't
do it, you know. It all for yourself; if you want to do it, you do it; if you don't, you
dont.

It is inferesting that for a student like Alex the non-compulsory nature of work at Cegep is embraced
as a relief from pressure. At this stage, only Nick and Manuel express concern that they may be
unable to furnish an effort equal to the task. Manuel worries that his studying is interrupted by phone
calls too frequently. Nick is more anguished in his concerns: “Like when there's a test | study for it a lot.
The nights before Il look at it but | have a hard time understanding it so like sometimes | just give up.’
He tries to assess the relationship between his efforts and his results: ‘I feel that I'm working enough to
be passing,” he says, I don't know...Now, I'm going to try harder...| want to still try to pass but every-
thing that I'm doing lately is not...."

The orientation of a student like Susie stands in sharp contrast to these others. ‘I work until
2:00 a.m. unlike most people | know. | guess | work too much,” she tells us. “I'm a perfectionist, she
offers by way of an explanation. ‘I want to do everything right.” This is not to suggest that she is less
instrumental in her approach. For example, she describes choosing her boyfriend as a lab partner in
chemistry because she knows that "he's good” but she is very clear about her goals in this respect: “The
faster we do it, the faster we can get out of class” Anna also tells us that she works constantly,
evenings, nights, and weekends in order to keep up. Although Mei Li seems less oppressed by the
amount of work, she too describes herself as a worker: | like to work,” she says. The only other student
who seems to work at full capacity consistently in this group is Joseph. “I never, ever leave anything to
the last second,” he says. "...| do [the exercises] again and again and again...| just look at it and | know
the answer atter a certain point. | know that's too far but...Because | don't have any confidence in
myself and I'm trying to build that up. But | don't find anything particularly difficult.”



Indeed, whether or not students find the work difficult is not what serves to distinguish the
“workers™ from the “non-workers” in this group. It does seem important to note that three of the four
women are among those students who describe themselves as disciplined, hard-workers. It is also
interesting, but hardly surprising, that it is Susie, Anna, and Joseph who speak about the stress of their
studies in the most general, pervasive terms. Most of the rest of the students experience anxieties
which are much more closely associated with a specific event: running out of time during a quiz,
dealing with error factors in labs, keeping up with a teacher who speaks particularly quickly. Only
Sharon and Alex report worrying about nothing with respect to their studies: I take it pretty casually,
she says. On the other extreme, however, Nick is operating with an almost debilitating sense of being
out of his depth. In the middle of his first interview, he says: | don't know how to tell you this but I'm
starting to get confused...You know? Like | thought | could do and | go into the quizzes and...”

Regardless of the amount of time that students spend on work at home, they conceive of
this activity as essentially and necessarily private. Joseph's description of his orientation, while more
extreme than some of the other students), is not fundamentally different. He says: “So | depend on
myself. That's why if | have a question | either look for it in the book - | don't care if it takes three hours
to find the answer - it's just that | have to do it and find it. But then | never forget it As Alberto
explains: “Basically you have to be very responsible. If you want it, you have to go get it, no one's
going to bring it to you." They all count on classroom time for the basic understanding to take them
through the problem solving which they see as the real test of their knowledge. Anna says: “Like
somebody can explain it o me in two seconds and that's all | need but | need that person to explain
it to me.” Joseph describes what he’s like in the classroom: “It's like me, the teacher, and the information
hes giving. | just give it everything |'ve got and concentrate on it.” There are only two students who ask
for anything resembling a more active student involvement in the learning process: Mei Li says that
she would prefer more homework assignments and Nick says that he would like to see more work
done in the classroom.

All of the students say that there is competition in their science classes; however, they are
quick to point out that it is not intense, often arguing that high school was more competitive. Only
Anthony speaks about competition in entirely negative terms, describing the pressure as conducive to
making mistakes. Most of the other students, in fact, depend on competition to assess their relative
position in the course and to motivate themselves. Joseph is clearly the most serious competitor: “| don't
like it when someone else beats me,” he says. “l don't like it and | feel he's not better than me and | just
have to work a little harder and so | do it and eventually | beat him.” Most of the students, however,
share Sharons more balanced view: ‘I think it's good. It encourages you. But if you start to get down
about it, you shouldn't do that.” Some of the students speak now about having to readjust their sights,
given their new surroundings. James, in an enriched science programme says: "Here | know that there
are always people who are better than me, who are more knowledgable in the subject, so | have no
interest in trying to force myself o be at the top” and Susie says I used to feel smart but I'm not that
bad now. Im getting over it...| guess you realize that you're not as smart as you used to be. You're just
equal with everyone else now.” Nick talks about the difficulties of accepting the inferior position in a
competitive world: “They're doing better than me. | feel that | could be doing better, a lot better than
what I'm doing now. | know | could be doing a lot better than what I'm doing now but it's just not
happening.” Only Alex and Alberto see themselves as standing outside of the competitive framework
at least in this arena. *If someone gets, like, a higher mark than me, it doesn't bother me because, you
know, it's what | get that counts not what someone else gets, insists Alex.

With the exception of Nick, the problems which the students report encountering are more
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in the nature of specific questions as opposed to large concepts or whole topics. They differ somewhat
as fo how they handle these. Most of them turn eventually to the teacher, with varying amounts of
trepidation, related to the personality of the particular student but also to that of the particular
teacher. Three of the students tell us of difficulties which they have in approaching teachers even after
class. Mei Li says: “Sometimes they are many students with the teacher and it's hard to find a way to
ask the question.” Anna shares her own sense of the dilemma involved: “If | ask him a question it might
sound stupid, you know. He might think that | don't know anything. | dont want him to think that and
then hell remember me because | went fo his office and | don't know...” When Nick speaks about his
reluctance to seek out his physics teacher, however, one hears the way in which such behaviour is also
a measure of defeat. He describes what goes on in this class: *I sit there and | hear him talking and |
don't understand a word hes saying.” “Have you ever been to see him?” the interviewer asks. “No.
What is he going to tell me?" comes the response.

“If I'm really, really stuck then | go ask the teacher," says Joseph. “It's mostly after class.”
Indeed, none of the students report feeling comfortable about asking questions in class and many turn
at this stage fo a friendly classroom neighbour. Alberto talks about his efforts to overcome his feelings
of shyness.

Even if | don't understand, | usually ask my partner which is no good. You know?
But slowly, slowly Im starting to raise my hand and ask the teacher. I'm the type
of person that feels, okay, what if it's a dumb question. Everyone will laugh at me
and this and that but I'm breaking out of that phase, | guess, slowly enough.

While many of the students report using friends as Alberto does, only Alex and Anna see friends as a
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