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Abstract

After Mozambique became independent from Portugal, the main aim of
the government policy towards education was to create equity of
opportwrity - to enter the formal education system for different social,
gender and age groups, However, females are still under-represented in
higher education particularly in courses which require an extensive
mathematical background. Thus, the purpose of this study was, 10 explors
possible gender differences in performance and attitudes toward
mathematics among 1996 BUSCEP students at Universidade Eduardo
Mondlane. Those students were tested on several affective and cognitive
variabley using a questionnaive and fests. The results suggested that
gender performance and attitades towards mathematics tend to be
similar, and the inequalities found, were more evident in the
participation in mathematics related careers. These findings emphasise
the need to further examine the interrelationships hetween gender and
career choices which should be conducted with students from the
secondary school.
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Chapter 1

INTRODUCTION

1.1. BACKGROUND TO THE STUDY

For more than three decades, studies in gender differences in performance
and attitudes toward mathematics and science subjects have been carried
out, especially in English speaking countries. During this preceding
period much has also been done in these countries about the low
participation of females in the scieniific and engineering careers which
require an extensive mathematical background,

Mozambique is one of the Southern African countries and became
independent from Portugal in 1975. In 1995 the population was estimated
at 17.4 million people, with an average annual population growth rate of
2.7 percent (Direccio Nacional de Eatatistica, Mapute, 1995) and, the
ratio between the number of males to females is estimated at 14 to 15,



1.1.1. The Mozambican Education System

After independence, the main aim of the government policy towards
education wes to create equity of opportunity to enter the formal
education system for different social, gender and age groups. In the
twenty year period, the index of illiteracy dropped from 90% to 70%, and
the number of students in formal education increased at all levels
compared with that before independence, (Direcgio de Planificacio, 1994).

However there are a large mumber of famales who . _./e never had the
opportunity to enter some levels of the formal education system or who
have dropped out along the way, particularly in post-primary education,
(Direcgdo de Planificagio, 1994).

In 1983, a new Nationsl Education System (Sistema Nacional de
Educagiio - SNE) was established. As far as genural education is
concerned, the (compulsory} primary cycle covers 7 years (grades 1-7) and
the secondary cycle covers 5 years, with grades 8-10 being lower
sacondary, and grades 11 and 12 upper secomdary or pre-university.
Vocational and technical {xaining includes thyee levels, All achools in
Mozambigue are eo-educational,

Tablel.1 shows the growth of the participation of both gender in the
secondary educational system in Mozambique, from 1990 to 1594,



Table 1.1: Percentage of male and ;emale secondary school population

from 1990 to 1894
Lower Secondary Upper Secondary
Males Fomales Males Females
1990 67% 33% 70% 30%
1991 6'1% 33% 64% 36%
1992 63% 37% £8% 82%
1993 61% 3%% 70% 30%
1094 59% 41% 63% 37%

As can be seen, famales are still underrepresented in secondary education
in Mozambique. This situation can be explained, perhaps, by what
Megarry (1984:15) claimed: *in some countries girls still have less
secondary education than boys, and there are still syatems in which girls
are under represented in primary education, At one level these patterns
are a consequence of individual and family decisions. At another level
differentis] enrolment reflects decisions by governments as to what kinds
and amounts of education are to be provided for girls”.

Besides the tachnical and vocational training institutes (Agricultural,
Commercial and Industrial Institutes with an entry level equivalent to
grade 10 in the SNE), historically, there are three other institutions to be
mentioned as being of relevance with respect to further training, The first
is the Universidade Pedagdgica (UP), where secondary school teachers
receive their pre-service training, The second is the Instituto Superior de
Relagdes Internacionais (ISRY), where training takes place for officials of



the Ministry of Foreign Affairs, The third training institute for post
secondary education is the Universidade ¥duardo Mondlane (UERD,
founded in 1962 during the colonial era.

Since 1994, three other tertiary institutions were created, (the
Universidade Catolica, the Instituto Sunerior Politdcnico @ U + - ersitério,
and the Institute Superior de Ciéncias e Tecnologia de Mc, umbique).
However thess institutions run under private administration and their
contribution to the post-secondary training is still very litile.

L1.2, The Universidade Fduardo Mondlane - UEM

The UEM offers 21 degree programmses in 2 faculties, The duration of
these programmes is 5 years (except Medicine what is 7 years) and leads
to the ‘Licenciatura’ degree. Couraea are offered in the following faculties:
Agronomy and Forestry, Architecture, Science, ILaw, Economies,
Engineering, Arts, Vetarinary Science and Medicine. Students have to
pass entrance examinations in certain key-subjects before entering the
university. The academic year starts on August 1, and is divided in two
semesters: the first semester covers the period Angust-December and the
second semester runs from February to June. Both semesters include 18
weeks of active teaching, followed by a period of sxaminations.

To improve the standards in mathematics and science of first year
students in courses such as Life science (Agromomy and Biology);
Engineering (Civil, Chemical, Electrotechnical and Mechanical} and
Science (Geology, Physics and Chemistry), a remedial education
programme was established in 1986 for the first semester at UEM, before



studanits start their own specific university courses. This programme is
designated as Basic University Science Course - Experimental Project
(BUSCEP).

The BUSCEP project is carried out in Maputc at the UEM as part of the
inter-university co-Gperation beiween the Universidade Eduardo
Mondiane (UEM) and the Vrije Universiteit Amsterdam (VUA) in the
Netheriands. BUSCEP receives annually about 40% of th- total number
of incoming students at the Universidade Eduardo Mondlane (UEM).

At UEM, from the total number of incoming students in every academic
year, only a small percentage are females. In figure 1.1, the growth of the

number of the new studenta entering the UEM courses in the last five

academic years by gender is shown, (Gabinete de Planificaciio, 1996).

Flgure 1.1: Percentage of new studente at UEM, from the academic
year 19921993 to 1926/1997 oy gender

m. I L T L
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Twenty years after independence, females are also still under-represented
in higher education in Mozambigue and the percentage of new students at
UEM is coniinuously decreasing for females while consequently the
percentage of males increases slightly in every academic year.

The Mozambican experience is consistent with other societies. According
10 some authors, (Catsambis, 1995; Maple and Stage, 1991; De Boer, 1986;
Fepnema and Peterson., 1985; Megarry, 1984; Meece eof al., 1982;
Fennema and Shésnnan, 1977), despite a world-wide increase in women’s .
participation in higher education, the total number of women continues to
Iag behind that of men, especially in the university sector. |

1.1.3. The Mathematics Curriculum

Mathematics is an interesting and valuable subject because it involves the
study of everyday life. A strong mathematical background is a
prerequisite to many carveer and job opportunities in this technelogical
worid of today.

In Mozambique, mathematies is taught as a compulsory subject from the
beginning of primary school to the upper secondary schocl levsl, The
mathematics syllabus teught at secondary school involves Algebra,
Euclidean Geometry, Trigonometry, Statist-~ and Analytical Geometry.
In Table 1.2 the distribution of the time 5. 0t un teaching mathematics at
secondary school, is presented. |



Tahle 1.2: Distribution of the time spent on teaching mathematics

syllatus at secondary achool
Lower Upper Total
Becondary Secondary

Hours % |[Hours % |Hours %
Algebra 300 62 197 684 497 63
Euclidean-Geomet | 108 23 - 108 13
Analytical-Geomet|{ - - 28 9 28 4
Trigonometry 38 8 35 11 73 9
Statistica M i 28 g 62 '8
Others - 22 7 | 22 3
TOTAL (Hours) | 480 100% | 310 100% | 780  100%

1.2, AIM OF THE STUDY

The purpose of this study is to explore possible gender differences in
performance and attitudes toward mathematics on 1996 BUSCEP
students. To this end, the following two main questions were addressed:

1. Do females perform raathemat
Universidade Eduardo Mondla:

2. Do sttitudes toward mathe,

it a lower level than males at

students at Universidade Eduardo Mondlane?

. . Giffer across gender in BUSCEP

The study will examine whether gender differences exist in performance
and attitudes toward mathematics among BUSCEP 1996 students at

UEM.




1.3. IMPORTANCE OF STUDY

The results obtained in the studies from many countries, especially in the
English speaking world, cannot, be readily transferred to the situation in
Mozambique, as there are large differences between the school system and
ita underlying eduncational philosophy, the economical development and
the dynamic of the population,

The research is expected to provide statistical information about the 1996
BUSCEP students’ mathematics performance and attitudes toward
mathematics as a subject, and whether these attitudes played an
influence on the performance in mathematics.

The knowledge which should be gained by this study could be vsed by
UEM teachers in their evaluations and the selections of the learning and
teaching methodologies to be used in the classroom, in order to improve at
this level, the performance of both female and male students in
mathematics, in university courses at Universidade Eduardo Mondlans.

The expected findings of this study should also suggest @ need for the
attention to the improvement of achievement tests hased on what should
be learned, not what is currently being learned. It has been hoped that,
with the fixdings from this research it may be possible to contribute to the
debates about the roles of decreasing the gender differences in
mathematics performance and in attitudes toward mathematies. Thus,
females might be encouraged in particuler in enrolling in university
cowrses that require extengive mathematics background.



1.4. LIMITATIONS AND DELIMITATIONS
OF THE STUDY

Certain limitations of the present study need to be noted. The results of
this study should only generalised to include students who have similar
background in mathematics and similar academic levels as those have in
Mozambigue, In texms of this reseaxch this is not considered a limitation,
because this study was specially aimed, for Post-secondary students in
Mozambigue.

The study involved vmiversity students for the reasons that they really

start to follow their intended careers. Although only BUSCEP students

- took part in the study, the sample size was sufficient for the study, and
mpreaenthﬁve of the university students in Mozambique as BUSCEP
compuises all first year stadents for the faculties of Engineering, Sciences,

" and Agronomy which correspond to 40% of the total number of the new
students at UEM.

The problems which are inherent in attitudinal studies cannot be totally
excluded. According to Galfo, (1975) some of them are: subjects who ave
not eager to reveal their true feelings, the information collected can be
wrongly interpreted, the statements may fail to measure the attitudes it
seeks to measure, the instrumeni may not be appropriate for the
intended group.
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L5. THE STRUCTURE OF THE DISSERTATION
This Dissertation ia divided into Chapters as follow:

Chapter 1: “Iniroduction’, provides an overview of the context in which
the research was carried out. The purpose of the research questions as
well a5 the limitations for th= study are presented in this Chapter,

Chapter 2: “Literature Review", comprises a brief review of the relevant
literature on gender-related differences in mathematics performance and
attitudes toward :.athematics; and, also the definitions of important
terms uged in the Disgertation.

Chapter 8: “Methodology”’, shows how the research was carried out. All
the measuring instruments used and the procedures as well as the
statistics techniques applied in the data analysis are also described.

Chapter 4: “Results and Discussion”. In this Chapter, relevant results
of the study are presented and dizcussed. Firstly, gender difforences on
the mathematics achievement tests are taken as & measures for
mathematics performance, Secondly, gender differences in the attitude
towards mathematics and gender differences on the approaches to
learning mathematics, ave taken as measures for affective variables.

Finally, the last Chapier 5: “Conclusions and Rerommendations’,
attempta to summarige all the previous one. In this Chapter, the
implications of the findings are discussed and several recommendations
are made,



1l

Chapter 2

LITERATURE REVIEW

2.1. GENDER-RELATED DIFFERENCES

A Review of the literature reveals that gender-related differences in
achievement vary coneiderably both within and between countries. An
inconsistent research findings on gender differences in mathematics
achievement with males pexforming better in some studies and fomales in
others, has becn found.

Leder (3982), stated that, there iz much overiap in male and female
performance with between group differences overshadowed by within
gender group diffsrences. The extent and direction of gender differences
can depend on the age of students, and on the type, the format, and the
content of the measures administered, (Hilton and Berglund, 1974; Hyde,
Fennema and Lamon, 1990; Leder, 1992),

Some studies indicate that males’ achiavement in mathematics is better
than fomales' at some point in high school bui that the size of this
difference varies a great deal (Maccoby and Jacklin, 1974; Meece, et
al,1982; Fennema, 1985), Among precocious adolescents, the differences



12

favouring males are larger and appear earlier than in a normal
population (Bsnbow and Stanley, 1980; Benbow and Stanley, 1982),

According to authors such as Hall and Hoff (1988), Kaelley (1988), Lavin,
Sabar and Libman (1991), Kaiser-Messmer (1993), there are no gender
differences in elementary or middle schools, and only small differences in
favour of the males in hizh schools and higher education.

Fennema and Sherman (1977), found that when students with similar
mathematics background were compared, (Le., only those enrolled in
mathemastics), the data do not support either the espectations that males
are invariably superior to females in mathematics achiovement or the
idea that differences between genders increase with age,

Few consistent gender-related diffarences are found at the primary school
level, however, some gender differences in mathematics, perhaps not

students become adolescents (Hyde, Fennemia and Lamon, 1990). For
Leder (1986), there is a substantial body of evidence to suggest that by the
beginning of secondary school level, males frequently perform better than
girls in mathematics.

According to Hilton and Berglund (1974), the absence of gender
difforonce in mathematics achievement at grads 5 level is consistent with
the hypothesis of gender-typed interest if it is asswmed that most such
interests emerge during adolescence. At subsequent grade levels (grades
7, 8, 9 and 11) males have higher mean scores than fomales and the
differences between tha genders increase with age.

As claimed by Becker (1990), the absence of mean difforences in the
performance of both gender groups is not sufficient evidencs for a
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conclusion that such differences do not exist. Feingold (1994), on the
other hand, stated that the absence of gender differences in mean
geores may sometimes conceal greater variability of one of the groups,
which actually represents a gendexr difference. Values of the ratio of
these variance close to 1 represent similar varigbility of the two gender
groups with regard to performance in mathematics.

Fannema and Sheyman (1977), stated that the differences between male
and female gronpe in mathematics achievement are small and where
differences do ocew, they suggest the influence of socio-cuitural factors,

Other studies indicate that gender differences are limited to certain areas
of mathematics (Flanna, 1986; and Hanna, 1989). Some researchers have
found that there are no significant diffevences among gender groups in
mean percent correct for Algebra, Arithmetic and Statistics, while such
differences were observed in Geometry and Measurement (Fennema and
- Oazrpenton, 1081 Cheume, 16R%; Fannema, Paterson and Carpentar, 1990;
Hanna, Kundiger and Larouche, 1990; Fonnema and Hart, 1994),

Of all the coguitive tasks, mathematics performance has been thought to
show the largest differences in avour of males; these differences, not
usually evident in grade school, are thought to emerge during adolescence
(Macecby and Jacklin, 1974).

In one meta-analysis carried out by Hyde, Fennema and Lamon (1990), it
was shown that males generally achieved better than females at high
cognitive level mathematics tasks, Male superiority in mathematics is
found especially'in performance on tasks of high cognitive complexity such
as true problem golving (Fenneraa and Peterson, 1985; Hall and Hoff
1988; Battista, 1990 and Pamard and Cronjé, 1998). Meanwhile,
Fennemn and Sherman (1978) comparing mathematical tasks at several
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levels of cognitive complexity, as, knowledge of concepts and problem
solving found no gender-related differences for their sampls of giades 6-8
pupils.

Leder, (1990b) aleo found that, on average, females do nof score as high as
males do on mathematws tosts, especially if those tests involve higher
level cognitive tasks. If gender differénces are found for young children,
they tend to favour females (Armstrong, 1981; Hyds, Fennema and
Lamon, 1990) in knowledge and skills (Fennema and Carpenter, 1981).
When the differences favour males, it is in the areas of understanding and
application (Fenmema and Carpenter, 1981) and problem solving (Tartre,
1990; Tartre and Fennema, 1995),

However, Seegers and Boekaerts, (1998) have concluded that males
outperformed females on mathematics tasks using a test that reflected
clagsroom content. These differences can be considered substantial,

e ——paptieaterly-in viow-of-the-fach that-Kimball £1089) arguss that fomales
are in a disadvantageous position when standardised tests are given but
not when doing tests that reflect classvoom content.

In recent recearch, Bamard and Cronjé, (1996), studying gender
diffarences in Buclidean geometry, found that the popular belief is that,
where differences exist, they oceur from adolescent onwards and favour
males in achievement and participation in mathematics,

The differences in performance, between males and females, were more
pronounced when the difficulty of the items increased, (Cronjé, 1095;
Seegers and Bockaerts, 1996. Other meta-enalyses indicate that the
gender gap in performancs has closed over time (Friedman, 1989).
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In another study Becker and Forsyth, (1994) found that males generally
performed better at the upper percentile levels of the score distribution in
mathematics problem solving and science, while females closed the gap
and, in some instances, outperformed males at the lower percentile levels,
Fennema (1980), on the other side, considered that:

“Since mathematics is a cognitive endeavour, the
logical place fo begin to look for explanatory
variables of sex-related differences in mathematics
pexformance is in the cognitive area. It is within
. this area that the most important variable can be
found, that is, the amount of time spent studying
mathematies”, :
{Fenpema, 1980:83)

Cronjé, (1995), argued that even though some contradiction exist, gender
differences in mathematics performance are seldom found and, when
they are found, they are relatively small.

e A pongidevable body. of sescorch. slag highliphts the key-of the-affoative -
dimension in leamning style preforences and  attitudes towards
mathematies including:

e how much ability the students folt they had in mathematics as a
subject,

¢ how hard they worked in the schoal mathematics courses,

» how much they felt Iuck influenced their performance,

+ how difficult they felt the subject was, _

e which type of tasks they like in mathematics iests,

o what influence was played by mathematics performance in their
career choice at university, and

o how they selfrate their previous results in mathematical
performance, ete.
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In studies by Seegers and Boekaerts, (1996) and Relich (1996), it has been
claimed that the greatest differences between males and fomales can be
found in their attitudes to and self-confidence in mathematica rather than
in actual achievement,

Little's study (1985) identified 18 categories either from the attribution
literature or from the responses themselves, to categor:sa the explanations
which students presented for success or failure, These include eff:‘orif
Tuck’, past difficultied’, ‘help from others’, ‘mood’, ‘motivation’, ‘time spent’,
‘age’, and ‘facilities’, On the other hand, Little (1985) claimed that ‘effort,

_‘interest’ and ‘performance ability were the most frequently nused

explanations.

Moreover, differences in the affective domain seem to appear at an earlier

__agetl than dlﬁ'erences in- the cognitive domam with l'ega.rd. to mathematlcs o

The dlﬂ"erences are almnst always to the disadvantage of females. (Cmme,
1995),

Studies by Fennema (1985), suggest that females do not perceive the
usefulness of mathematics for their future as clearly as males do,
particulaxly in the case of the mathematically precocious. She also claims
that differential course-taking can cecur in high schools where no ability
differences are found.

Related to the usefulness of mathematics, according to Leder (1998), who
found that males agreed more strongly than females that mathematics
was useful, that it was enjoyable, and that they were confident about
gotting good grades in the subject, More often than females, males
“attributed their success to ability”. However, according to Seegers and
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Boekaerts (1998), this discrepancy cannot be explained in terms of males’
higher mathematics achievement because the difference remained when
differences in performance were accounted for.

In addition, "statistics show that not only do girls drop out of mathematics
in greater numbers than boys when the choice of mathematics conrse -
becomes available, but that only a very small percentage of all students,
male or female, take the subject at higher levels", (degers, 1900:29).

Leder (1982), Lodex (1987), Leder (1990s) and Becker (1990) argued that,
during lessons, females in co-educational schools are at a quantitative and
qualitative disasdvantage regarding the attention given to them by the
teachers as well as the number and quality of questions asked.

Becksr (1981), Jungwirth (1991), and Kaiser-Messmer (1998), claimed

that there are gender differences in patterns of interaction between
teachers and females or males, in which the pattern of interaction
practised for males is mors likely to make them appear more competent in
mathematics, |

As stated by Forgaz (1995), teacher variables correlated with mathematics
attitude more strongly for female students than for males, Meanwhile,
Fennema, Peterson and Carpenter (1990), claimed that one component of
the external infivences which affeet the development of gender
differences, is the teacher influence on both students' internal
motivational beliefs and on studenta participation in classroom learning
activities. |
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In a review that covered many publications, Fennema and Hart (1994),
found that the ressarch findings show the following trends:

i. Gender differences in mathematica may he
decreasing,
2. CGender differences in mathematics atill exist in
- the leaming of complex mathematics,
- personal beliefs in mathematics,
- career choicos that involve mathematics.
3. Gender differences in mathematics vary
- by socio-economic status and ethnicity,
- by schonl,
- by teacher.
4, Teachers tend to structure their classrooms in
ways that favour male learning.
b. Interventions can achieve equity in mathemstice.

(Fennema and Hart, 1894:650-651)

According w Dohiln {(3594), fewcies alsv sullr the comsegumenecs of . . .. .

traditional instruction and assessment practices. Proficiency in the rote
memorisation of algorithms may result in short-term success.

* Some restarchers, (Bohlin, 1994; Mji and Glencross, 1996), argued that
males and females have different mathematics leamning styles
(amtonomous and rote respectively), and females perform better relative to
males on items that require the application of a familiar slgorithm (e.g.,
classroom tests).

Fennema (1979) suggeaté that if the amount and quality of timu spent
on learning mathematics can be somebow eqguated for males and
females, educationally significant gender-related differences in
mathematics performance will disappear.
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Oxn one hand, Jungwirth (1891}, in a study on interaction and gender,
claimed that students’ beliefs about their abilities in mathematics and
their developing attributions for success and failure in mathematics may
be influenced by the way in which they interact with their teachers.

On the other ~-ud, Fennema and Peterson (1985), found that the
classroom envirmnment is different for males and females, Males interact
more with teachers than females, who have many more days in which
they do not interact at all with. teacher. Males initiate more coniacis with -
teachers than do females. Males receive more discipline contacts, and
more praise. High confidence males interact at higher levels with their
teachers more often than high confidence femsles. |

Peterson and Fonnema (19856), feported that a compeiitive classroom
climate promofes academic achievement more in males than in females,
And, Pennema (1985), stated that there is also evidence that male
students are more inclined to interpersonal competition than females.
Perhaps, because as referred by other researchers, (Bohlin, 1994; Barnard
and Cronjé, 1996), males on the other hand, have more experience in
mathematics and science-related activities outside the class than do
females.

Seegers and Boekaerts (1996), found that in leaming intention females
reported that they were more prepared to invest offort in the mathematics
tesk than males, while a significant difference hetween males and femsales
wes only found for attributing success to capacity. On the other hand,
Bosekaerts, Seegers and Vermeer {1995) found t} at males attributed their
result more frequenily to capacity and to the investment of effort.
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As referred by Solar (1995), some researchers in Canada, indicate that
females have less confidence in their skills than males, and, that femalea
tend to atiribute success more to hard work than to abilities. Joffe and
Foxman (1986), report that females are more unsure of their
mathematics] capability than males,

Armgstrong (1985), considers a positive attitnde towards mathematics and
belief in its usefulness in later life as the most important influential
factors, As stated by Feunema and Sherman (1977), the percention of
the value of mathematics or mathematics-velated careers have
emerged a significant predictors of both achievement and course plans
in the majority of studies.

Begarding sbility ratings in acience and mathematics courses, DeBoer
(1986), reported that mals students rated themsalves higher than female
siudents even in the absence of superior course performance on the part of
the mples. Tn Forgaz and Leder study's (1996), it was reported that
among other variables, self-confidence and importance of mathematics
correlated positively with grade 7 students mathematies attitudes.

Leder (1998), found that for grade 7 students, there was no gender
difference in mathematics achievament, but more males than fernales
rated themselves above-average in mathematics ahility compared with
their classmates. According to other researchers, (Meyer and Koelher,
1990; Tartre and Fennema, 199%), since females have tended to be less
confident in their ability to do mathematice than males are it is
reasonahle to hypothesise that confidence is an important variable to
investigate,
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Cn. the other hand many others writers {(f - example, Fennema and
Carpenter, 1981; Kaiser-Messmer, 1993; Bohlin, 1994), have concluded
that, from the beginning of the secondary school stage, females perceive
their mathematieal ability to be lower than that of males,

Some other authors, (Shermen, 1280; Bohlin, 1994; Seegors and
Boekaerts, 1996 and Relich, 199€), stated that fomales’ attitudes declined
as measured on the confidence in learning mathematics which is
important because of its relationship to performance.

According to some authors (Fox and Cohmn, 1980; Fennema, 1986; Kaiser-
Messmer,1993; Bohlin, 1994), there are many factors responsible for
gender differences in mathematics performance. Aiken (1970), points ou
that, the relationship betwesn attitudes and performance is certainly the
conseguence of a reciprocal influence, in that, attitudes affect achievement
and achievement in turn affects attitudes, In other woids, greater
achievement resulte from an increasse in interest and grester interdst
results from greater achievement.

Moreover, gecording to other authors such as, Gamoran, 1987; Braddock,
1990; Catsambis, 1995, students’ level of achievement and grades may
alac affect sfudents’ socio-psychological makeup and attitudes toward
academic subjects,

Hyde, Fennems and Lamon (1990), noted that it is somewhat prrmature
to conclude that affect and attitude are not important inflvences on
gander differences in performance and participation in mathematics, V. ith
this regard, Forgasz (1095), on the other hand, argued that the study of
gender difforences can be focused on: gender differences in mathematics
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learning outcomes, affective variables, classroom environments and
attitudes to mathematics,

According to Meyer and Koehler (1990), affective variables have been
examined as they relate to mathematics achievement. For example,
several studies hove found that confidence in one’s ability to learn
mathematics is positively correlated with mathemsatics achievement.
Fannema and Sherman (1977), found confidence in learning mathematics
almost as strongly related fo achievement.

Many other affective variables have ‘been examined for their possible
relationship to mathematics achievement. Among those affective factors
which have been found to be related to mathematics learning and in
which gender differences have been found are: how useful mathematics is
perceived to be, the perceived role of teacher in learning mathematics
(Fermema and Sherman, 1977; Sherman 1980; Bohlin, 1994; Seegers and
Boekaerts, 1996; Relich, 1996),

Relationships between classroom climate and achievement, and between
affect and achievement have received more research attention than has
the relationship between learning environments and attitudes to

" mathematics, Leder’s study (1993), found that males had more contacts
with their teachers, dominated public interactions, and were involved in
more disciplinary exchanges than wexe females.

Gender has a very substantial effect on students' caveer choices. But, the
gender differences in science career choice cannot be explained by
differences in achievement levels, attitudes toward science, or social
background characteristics. (Wooluough, 1984; Catsambis, 1995).
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During the preceding 20-25 years much has also been written in the
English speaking countries about the low participation of fomales in the
seientific and engineering careers., "Despite a world-wide increasse in
fomsles’ participation in higher education, the total number of fomales
continuss to lag behind that of males, eapecially in the wniversity sector”
(Megarry, 1984:15).

According to some authors, (Fennema and Sherman, 1977; De Boer, 1984,
Megatry, 1084; Armstrong, 1985, Fenmema, 1985; De Boer, 1986; Dick
and Rallig, 1991; Maple and Stage, 1991), this situstion is evident as soon
as students have the opportunity o select their own courses that fewer
females choose to continue studying science subjects. Females are also
uinder-represented in advanced mathematics couvses, college majors and
careers that involve mathematics.

Megarry, (1984), also reported that in some countxies famales still have
less secondary education than males, and there are still aystems in which
females are under repressnted in primary education, At one level these
patterns are a consequence of individual and family decisions. At another
level differential enrolment reflects decisions by governments as to what
kinds and amounts of education are to be provided for females.

Why do less females choose Engineering and Science courses? As
suggested by some authors, (Eecles, 1£86; Dick and Rallis, 1991), it is
imposaible to consider this question without examining gender differences
in mathematies performance and academic course selection, For example,
Young and Fraser (1994), found that in Australian schools the problem of
undey-vepresantation of females in science is often attributed to their poor

performance,
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During the compulsory years of schooling, according to Leder and Forgasz
(1902) in Australia, the participation rate of stndents in mathematics is
very high, For the most demanding elective mathematies courses at the
post-compulsary years of schooling snd at the tertiary level, fomales’
participation rates have persistently remained lower than males,

Fennema and Carpenter (1981), stated that the data that do exist, suggest
that gender-related differences in course participatin emerge in the moat
advanced mathematics courses, however cther researchers argued that
fomales are succeeding as well as males in mathematics (Hanna, 1989
Holar, 1998), yet they participate much less in mathematics-related
careers. Just because fomales can succeed in mathematics does not ensure
fhat they will choose to pursue careers in this field.

2.2. DEFINITIONS OF IMPORTANT TERMS

Since the study is on education, some definitions related to the concepts
involved in the study need to be considered.

2.2,1. Achievement Teéts

Schumacher end McMillen (1993:42), claimed that the tarm “tests” rofers
to the use of test scores as data, and this technigue involves subject
response to sither written or oral questions to measure knowledge, ability,
aptitude, or some other trait,
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Achievement has just been defined simply as a measure of one’s
performance at a given task, Thus in most educational researches
involving students’ performance the indices are int most cases achievement
tests administered.

Achievement Test is a systematic procedure for measuring a set of
 representative sample of learning tasks, (Ebel and Frisbie, 1991;
Groniund, 1993).

In the normal classroom situation, mathematics achievement is measured
by tests and examinations conducted, either by the class teacher or an
externsl exaypination bodies.

2.2.2, Assessment

Goldstein and Lewis (1996), argued that to make sense of assessment it is
illuminating to ask questions about its pwrposes. On the other side,
Broadfoot (1996), claimed thal assessment in education has many
potontial purposes. It is an integral part of the teaching-leaining process
providing feedback for both teachers and students which can guide
decisions concerning future learning goals, (Crooks, 1988; Broadfoot,
1998), In addition fo its central role in the cwrriculum, agssessment slso
has a key role to play in communicating information about students’
achievement more formally through, for examples, school reports and
certificates.
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2.2.8. Attitude statements

According to Qppenheim, (1992), an attitude stafement is a single

sentence that express a point of view, a belief, a preference, a judgement, '

an emotiongl feeling, a position for or against something.

These definitions are extended by Aiken (1976), Aiken (1979), and desl
with the aspects of the students’ attitudes toward mathematics. The
aspecis are; - the enjoyment of mathematics, - the importance of
mathematics, their motivation in studying mathematics and freedom from
foar of mathematics. |

2.2.4. Item analysis for norm-referenced tests

The item analysis procedure for norm-referenced tesis provides the
following information:

i) The difficulty of the item
i) The diseriminating power of the item
iii) The effoctiveness of each alternative

The difficulty index of a question is the index for measuring the
easinsss or difficilty of a test question. Discrimination index of a
question is an indicator showing how significantly a question
discriminates between “high” and. “low” students, (Giilbert 1981; Ebel and
Frisbie, 1991; Gronlund, 1993). The calrulation of the difficulty and
discriminat’. n indeces follows the steps suggested in Guilbert (1981) and
Gronlund (1993).
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Steps to be used for caleulation of the difficulty and discrimination

indices:

1. award of a score to each student
2. ranking in order of merit by gender
8. identification of groups: hlgh and low within each
. gender group
4. calowiation of the diffiudty and discrimination indices
of a question, for each gender group aund for the whdle
sample, using the formulas;

Di_‘ﬁ'-—H+Lx100 Dise -———2"(‘; L)

where,

e Diff is the numericsl value of the Difficulty
index of a question.

#» Disc is the pumerical value of the
Discrimination index of a guestion.,

e Histhe number of corvect answers in the

+ high group.

+ Lis the vumber of correct answmmthelow
group.

® Nmthetotalnumberofsmdentsmhoth
groups.

(Guilbert, 1981 and Gronlund, 1993)

B. Critical evaluation of each question related to specific gender
performance:

i) The Difficulty index of a question, can vary from 0 to 100%, the
higher the index the easier the question; a question with a
difficulty index lying hetween 30% and 70% is acceptable. If for a
test whexe used a group questions with indices in the range 30%-
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70%, the mean index will be ground 56%. It has been shown that a
test with a difficulty index in the range of 50%-60% is very Likely to
be relihle as regards its internal consistency or homogeneity,
(Guilbert, 1981; Ebel and Frishie, 1991; Gronlund, 1993).

Ebel and Frishie (1991), have stated that the difficuliy of a test
item affects its contribution to score veliahility. They also claim that
items of intermediate difficulty are all capable of contributing much
to reliability of the test than the item that is extremely easy ox
extremely d:ﬁculty (see section 2.3.5.). :

ii} The Discrimination index of a question is an indicator showing
how significantly a question discriminates between “high” and
“low” students, varies from -1 to +1. Using the index, we can
judge quesiions as follows:

*

0.35 and over - Excellent question;

0.25 to 0.34 - Good question;

0.26 to 0.24 - Marginal question (revise);

under 8.15 - Poor guestion (most likely discard).

(Guilbert, 1981; Ebel and Frisbie, 1991; Gronlund, 1998).

Thus, item-analysis infovmation can fell us if a norm-referenced item was
too easy or too hard, how well it discriminated between high and low
group scorers on the test, and whether all of the altexnatives functioned as
intended, (Gronlund, 1998). The frequency with which each incorvect
answer is chosen may reveal common errors and misconceptions, which
can provide a focus for remedial work, (Guilbert, 1981; Ebel and Frisbie,
199); Gronlund, 1593).
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As siated by Ebel and Frisbie, (1991:90), “the difficulty of a test item
affects its contribution to score reliability. An item that all examinees
answer correctly, or all miss, contributes nothing to reliability. An item
that just about half of the examinees answer cormectly is potentially
capable of contributing more to test-score reliability than item that is
axtremely easy or extremely difficulty. Ttems of intermediate difficulty,
that is, from about 40 to 80 percent of correct responses, ave all capable of
contributing too much to reliability. Ttems that more than 90 percent or
fewer than. 80 percent of the examinees anawer corvectly can not possible
contributé as much”. (p.90).

2.3. VALIDITY AND RELIABILITY

With respect to validify and reliability, Gronlund (1993), states that the
two most important questions to ask about a test or other assessment
procedure ars;

(i) To what extent will the interpretations of the scores be
appropriate, meaningful, and useful? And

(2) To what extent will the scores be free from errors of
measurement?

The first question is concerned with validity, the second with reliability.

According to authors such as, Ebel and Frisbie (1991), Schumacher and
McMillan, (1993), in the context of research design, the term validity
meang the degree to which scientific explanations of phenomena match -
the realities of the world,
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2.3.1. Test Validity

Test validity is the extent to which inferences made on the basis of scores
from an instrami if are appropriate, meaningful, and useful.

Validity is a judgement of the appropriatensss of a measurs for specific
inferences or decigions that result from the scores that are generated. In
~ other words, validity is a situation-specific concept: validity is dependent
on the purpose, population, and environmental characteristics in which
measurement takes place.

It has been argued that an inference is valid or invalid, not a test. A test
by itself is mot valid or invalid becauss it can be ussd for different
purposes. In general, it is important to keep in mind that instruments
including tests and questionnaires, are valid for some groups and in some
situations, and invalid for other subjects or in other situations, (Cronbach,
1996; Ebel and Frisbie, 1991; Gronlund, 1993; Schumacher and
McMillan, 1993).

23.2. ijc of Validity

The traditionsl view that were several different types of validity, (content,
criterion related, and construct), has been replaced by the view that
validity is a single, unitary concept that is based on various forms of
evidence: ‘Content-related evidence’; “Criterion-related evidence’;
- and, ‘Construct-related evidence’, (Gronlund, 1293),
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Schumacher and McMillan (1993), stated that there ave two types of
design validity in quantitative research. One is internal validity which
express the extent fo which extraneous variebles have been controlled or
accounted for. The other one is the evternal validity that refers to the
generalisation of the results, or, the extent to which the results and
conclusions can be generalised to other people and settings.

2.3.3. Factors that lower the Validity of achievement

scores

There are various factors that should affect the validity of
achievement acores:

Test items that provide an inadequate sample of the
achievement to be measured.
» Test iters that do not function as intended, due to use of
~ improper item type, lack of relevance, ambiguity, clues to
answer, bias, inappropriate difficulty, or similar factors.
¢ Improper item arrangsment and unclear directions for the test
» Too few items for the types of interpretation to be made,
o Improper test administration, such as inadequate time limits,
excessive :interruptipns, seal arrangements that permit cheating,
_and testing just before an important achool event.
» Soonngthat is subjective or contains computational errors.

. 4Gvaniund, 19989)
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2.3.4. Reliability

Religbility refer= to the consistency of test scores - that is, how consistent
they are from one measurement to another. Relisbility measures provide
an estimate of how much variation we might expect under different
conditions, The relinbility of test scores is typically reported by means of a
reliahility coefficient or the standard error of measurement that is derived
from it, (Gronlund, 1998; Schumacher and McMillan, 1993).

2.8.5, Test Reliability

Test Reliahility vefers to the consistency of measurement, the ¢: .nt to
which the results arve similar over difforent forms of the same instrument
or occasions of data collection, The goal of developing reliable measures is
to minimise the influence of chance or other variables unrelated to the
intent of the measure, The classical definition of acore reliability makea
use of the idea of the coefficient of correlation and equivalent tests given
by Ebel and Frishie (1691):

“The Reliability coefficiené for a set of scores from a
group of examiners is the coefficient of comelation
between that set of scores and another set of scores on an
equivalent test obtained independently from members of
the sarme group”.

(Ebel and Frishie, 1991:77).
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2.3.6. Intorpretation of Reliability Coefficients

There are several factors that should be considered in inferpreting
reliability coefficients:

s The more heterogeneous a. group is on the trait that is measured,
the higher the reliability. -

e The more items there are in an instrument, the higher the
yeliability.

» 'The greater the range of scores, the higher the reliability.

o Achievement tests with a mediam difficulty level will result in &
higher reliahility than either very hard or very casy tests,

s Reliability, (ike validify, is usually hased on & norming group
and, strictly speaking, the relizbility is demonstrated only for
subjects whose characteristics are similar to fhose of the
norming group.

+ The more that items discrimir te betwesn high and Ilow
achievers, the greater the reliability of the test. |

Thus an altervuative procedure giving the researcher an impression of
internal reliability can he via good item dmcnnunahon and difficulty,
(Cronbach, 1950: Ebel and Frishis, 1991; Schifffhacher and McMilian,
1993).
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Chapter 3

METHODOLOGY

3.1. SAMPLE

The sample for this study consisted of 226 university students who passed
the entrance examination for Agronomy, Biology, Engineering and
Science courses (Chemistry, Physics, and Geclogy) at Universideds
Eduardo Mondlane (UEM), and were registered and enrolling the Basic
Mathematics course in BUSCEP program. These subjects have similar
mathematical background, because they fook the same mathematics
school program at secondary level, and, they enrolled on mathematics
course at BUSCEP in the same sducational environment. The students
were taught in 15 different group-classes by 8 esperienced teachers (3
females and 6 males).

The quality of mathematics teaching at BUSCEP is considered generally
homogennous for all the teachers because of their joint weekly preparation
to the lessons to be given to students. The ratio of males to females taking
mathematiecs as a subject differed within the different coursss and for the
overall sample there was 176 to 51.
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Chapter 3

METHODOLOGY

3.1. SAMPLE

The sample for this study consisted of 226 university students who passed
the enirance examination for Agronomy, Biclogy, Engineering and
Science courses (Chemistry, Physics, and Geology) at Universidade
Eduardo Mondlane (UEM), and were registered and enrolling the Basic
Mathematics course in BUSCEP program. These subjects have similar
matheormatical background, becauvse they took the same mathematics
school program at secondary level, and, they enrolled on mathematics
course at BUSCEP in the same educational environment. The students
were tanght in 15 different group-ciasses by 8 experienced teachexs 3
females and 5 males),

The quality of mathematics teaching at BUSCEP is considered generally
homogenous for all the teachers because of their joint weekly preparation
to the lessons fo be given to students. The ratic of males to females taking
mathematics as a aubject differed witlir thn different courses and for the
overall sample there was 176 to 51.
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In the study studenis were grouped in two sections according to the
amount ¢f mathematics required by the course enrolled. The first group,
composed of the Engineering and Science courses, (i.e., Chemistry,
Physics and Geology), where mathematics is taught over xore than four
semesters, it is labelled as SCIENCE. The second group, cnmpnsmg the
Agronomy and Biology courses, where mathematics is taught for less than
four semesters, it is labelled as BIOLOGY.

~In Table 8.1 is shown the frequency distribution of the BUSCEP
students in 1996 by section and gender.

Table 8.1 Frequency distribution of 1996 BUSCEP

students by section and gender
Males | Females | Total
SCIENCE 120 16 136
BIOLOGY 56 35 90
Total 176 51 226

Ouly the data of thoss students who have been present at the first day-
class, st BUSCEP and have responded to the questionnaire and the pre.
tost, were used. Together, the two sections at BUSCEP supplied 510 new
students, A number of these students were exciuded from the study
because they were not officially registered to enrol in the courses at TTEM,
and the researcher was unable to gather all the data of those students.
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32. MEASURING INSTRUMENTS

The Ianguage uf instruction in the Educational System in Mozambique is
the oificial language, Portuguese. Hence this language was also used for
the testing procedures. And, for the purpose of presentation all the
instruments were after translated from Portuguese to English by the
researcher, as well as the data collected from the students responses to
those instruments involved in the research,

In this study, the students were testod on several cognitive and affactive
factors related to gender differences in performance and attitudes towards
mathematics, Demographic data gathered for this study inchaded personal
details (name, sex, age, course earolled and class of attendancs), seores on
semnd_ary school, scores on entrance examination, acores on Pre-test and
achievement tests, students’ interest, approaches to learnming and
attitudes toward mathematics of 1996 BUSCEP students. Race and
athnicity were not recorded.

3.2.1. Cognitive Measures

Under the cognitive domain the study intendead to explore possible gender
differences in mathematical psrformance in 1996 BUSCEP students,
which was measured through the following achievement tests:

¢ Pre-test set by the researcher at the beginning of the academic
year; -

» the first and the second intermadiate teate done at BUSCEP,

o the Mini-tests and the

o Final Reault for mathematics at BUSCEP.
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The scores achieved by the students at the secongary school mathematics
and entrance examination were also used in order to compare the initial
level of attainment which they brought into their university education.

3.2.2. Affective Measures

Undex the affective domain the study inten..ad to explore possible gender
differences in aititudes toward mathematics and possible gender
differenices in the approaches to learming mathematics of BUSCEP
students at UEM.

The assessment of attitudes in any study is difficult, since attitudes
cannot be observed directly, and, if is argued thet a conclusion about an
attitude con be made through infevence based on the study of a set of
responses which are observable, (Oskamp, 1977 and Oppenheim, 1952).

~ Corcorau and Gibb (1961), have listed several techniques such as:

¢ Observational methods;

o Interviews;

o Selfreport methods which includes quesiionraires, attitude
scales, sentence completion, projective techniques, and content
analysis of essays.

This, in this research, the affective factors were measured by using a
researcher designed questionnaire, The decision to use questionnaires and
tests was also reinforced by reference to previous studies, where effective
data collection was carvied out by these types of instruments, as referred
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to, by Schumacher and McMillan (1993:42), “the questionnaic is a very
common technicque for collecting data in educational rescacch”. And,
according to Galfo (1975), questionnaive . ave the most used and misased
method of educational reseqxch,

On the other side, Cohen and Manion (1986), claim that, the arpument; for
the use of que.* -maire is that, to each respondent the same set of
questions as ever, 1 ady else in the same sample was given, phrased in
axactly the same way; and the data obtained from questionnaives are
more comy arable than information obtained by means of intexviews.

3.2. PROCEDURES

The measuring .ostrumenis (Pre-test and (uestionnaire) were
administered to students at BUSCEP, by their teachers, in August 1996,
during a regular class period. The questionnaire was completed fixst to
avoid any possible influence arising from the students’ performance in the
Pre-test, which was written two hours Iater; because, poor performance in
the Pre-test could have lead to false responses in the questionnaire.

Another advantage of administering the questionnaire personally was to
increase the validity and veliahility of the research, as the weaker
stadents generally tend not to reply to questionnaires “sent by post’, and
the replies from only the brighter studenis can give biased results,
{Schumaacher and McMillan, 1993).

The two instruments, Pre-test and questionnaire were administered in
two different perieds according to the students’ time table. The BIOLOGY
sindents were tested during the moming while the SCIENCE students
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completed the testing in the afternoom. Testing process and all data
collection at BUSCEP was completed by Decomber 1996,

All test materisl was treated confidentially by the lecturers. Prior to test
and questionnaire administration, the researcher met with the staff of
BUSCERP to review the administration procedures,

3.3.1. The cognitive variables

The pre-test consisted of 9 multiple-choice items, each with four options,
taken from the previously used standardised tests of the secondary school
‘examingtion certificate, UEM enirance examination, and from the
BUSCEP tests and textbooks used for mathematics in the Basic Science

Course.

The itesns covered three mathematics topics: Algebra, Trigonometry and
Geometry. Problems in all topics, range from relatively easy, requiring
recall of simple rules at the cognitive level of knowledge and, to the moxe
difficult, at the cognitive level of understanding, and more complex
problems involving multi-step mathematical reasoning in the cognitive
level of upplication or problem solving according to the “Taxonomy of
Educational Objectives”, (Bloom,1956; Helcomb and Garner, 1973; Smith
ot al., 1996).

Table 3.2 shows the distxibution of the allocated percentages of the item
marks on the pre-test by content area and cognitive level.



40

Table 3.2; Distribution of the Pra-test items by topic and cognitive levels.

Topics | Kuowledge | Understanding | Application | Total
i T R T,
Geometry 10.0% (@5) |  15.0% @6) 10.0% (g4) | 95.0%

Trigonometry | 12.5% (q7) |  10.0% (9) 10.0% (98) | 82.6% |
Total 82.5% 85.0% 32.5% 100% -

(g1 - .q9 indicate the item number taken for each topic and cognitive
levels).

There are ceveral taxonomies that one could use, depending on the
purpose, One of the best known is the Bloom's taxonomy, (Bloom, 1956),
which gives a hierarchy of concepts. In this taxonomy, Bloom (1956),
states that the cognitive domain includes those objectives which deal with
the recall or recognition of knowledge and the development of intellectual
abilities and skills. The levels of thought which are present in the
clagsroom are represented in the taxonomy.

Bloom’s taxonomy is good for structuring assessment tasks, but does have
gome limitations in the mathematical context, thus, Smith et al., (1996),
in “Constructing mathematical examingtions to assess a range of
Inowledge and skills” proposed & modification of Bloom’s taxonomy, “the
MATH taxonomy (Mathematical Assessment Task Hierarchy) for
strucburing of assessment tasks’, {Smith ef al., 1996:67). This adapted
taxonomy is very close to that presented by Holeomb and Garner (1973).
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In Holcomb and Garner (1973), it is proposed a modified classification
gystem derived from that of Bloom (1966), and deaigned more specifically
for use in the preparation of achievement tests for students, considering -
the levels as following:

1. Ruowledge
-Recall
-Recognition
Understanding
Solving of a routine problem
-Interpretation of data
-Application
4. Solving of an unfamilisr problem
-Analysis of data
-Special application.
5. Evaluation
6. Synthess -

es 1

(Holcomb and Garner, 1978)

Research has convingingly established that the first three cognitive lovels, -
(1) Enowledge; (2) Undevstanding; and (3) Application or problem
solving, are probably enough for the purposs of defining educational
objectives and student evaluation because the majority of the classroom
* verbal behaviour occurs at the knowledge and understanding levels, and
seldom at the level of application or problem solving, (Holcomb and
Garner, 1973; Guilbert, 1981, Smith et al., 1996),

The first two levels, (knowledge and understanding), are mainly
concerned with the conveyance of information to students, that clearly
indicates a lack of questions which involve students in critical thinking
skills in classroom discussions, (Holcomb and Gamer, 1973; Guilbert,
1981; Smith et al., 1996).
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According to Smith et al., (1996), students enter tertiary institutions with
most of their learning experience in the iasks requiring the level of
knowledge, with some experience with tasks in the level of understanding.
Their experience in applications tasks in mathematics is severely limited
or non-existent. So, one of the aims of tertiary education in mathematics
should be 1o develop skills at all three levels,

Concerning the Pre-test designed by the researcher, three experienced
teachers of mathematics at BUSCEP were selected and involved in the
classification of the items of the Pre-test under the considered cognitive
levels and their conclusions or opinions about each item demonstrated
near perfect consistency, The few inconsistent items weve agreed by

consensus.

The Pre-test was marked and scored by the researcher for the entire
group, The items were scored dichotomously (sither right or wrong) and
therefore the maximum score for the test was 100%.

The following are the specifications of the skills required in the Pre-test
items, according to the considered cognitive levels:

i) Cognitive level of knowledge:

e The assumption in the items of this leval is that students have
met the exercises before in the foxm required for the answer.

s Students would have been expected to have wurked on problems
using the required procedures in drili exercises.

¢ Students are required to bring i¢ mind previously learned
information in the form that it was given. |
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it} Cognitive level of understanding:

o For the items on this cognitive level it is assumed that various
routine skills needed to do the exercises are familiar to the
gtudents, awd that they have done drill work in similar but not
identical exerciges.

» Students shouid be able to use a previously acquired knowledge
or gkil.s.

s Requires the ability to use material in a way which goes beyond
the recall of simple xules. |

¢ Students may rec guise the applicability of a formula or method
in different o umusual context,

jif} Cognitive level of application or problem solving:

o Here it is hoped that students have the ability to choose and
avply appropriate methods or infofmaﬁon in new situations.

¢ The assuwaption is that the students have oot met any of the
results they are asked to prove. _ '

o Students should have the ability o do a transformation of
information from one form to another - verbal to numerical or
vine-versa,

e Students should have the ability to do the extrapulation of a
known procedures to new sitnations,

Performance criteria were also used to find out possible gendex differences
in the level of students’ achievemeut in the Pre-test and intermediate
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achievement tests and Final results at BUSCEP ccnsidering the following
intervals:

i) Lower performance ecriterion - scores under 50% in
achisvement, (ie., score < 50);

ii) Middle performance criterion. - scores from 50% and under
T70%, (i.e., B0 < score < 70), and;

iii) Upper performance criterion - scores of 70% and over, (.e.,
score 2 T0).

According to UEM rules, lower performance criterion corresponds to
the students who are not permitted to write the exam, and the middle
performance criterion vefers to those students achieving adequate
marks and are allowed to write the exam, The upper performance
criterion corresponds to those students performing at higher level of
achievement and who ara given credit without writing the exam.

Scores obtained at Swcondary school and Entrance Examination were also
analysed according to these performance criteria, although the range was
different, becausg, the lowest scores for these variables was 50 (or nearly),
which reprosents the minimum score necesssry to obtain the school
leaving certificate and to be admitted to the university course. |

With respact to these lavels, the three performance criteria correspond to:

i) Weak students - for acores less than 60%, (i.e., acore < 60);

ii) Medivm students - for scores from 80% to less than 70%, fi.e.,
60 < seore < 70), and;

iii) Strong students - for acores from 70% and over, (i.e., score &
70).
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As has beern argued by authors such as Becker (1990) and Feingold
(1994), the absence of mean differences in the performance of different
groups is not sufficient evidence for a conclusion that such differences do
not exist, Thus, in this study. the difficulty and discrimination indices of
each Pre-test item were calculated according to the procedure proposed in
Grontund (1993), and Guiibert (1981), as presented in section 2.2.4,

In the study, as the distribution and range of scores for male stadents was
different to that of female students, {see section 4.3.2.1. and appendix C),
it was decided 1o use different ‘cut-offs’ for the calculation of the difficulty
and discrimination indices for the total sample and for each gender
separately. The ‘cut-offs’ corresponded to the top and bottom 27% of each

respective group, : |

The differences between males and femoles in the difficulty and
discrimination indices were tested using the test for differences of two
proportions, with the significance level at o = 1%, (Hays, 1994).

Two other tests based on the mathematics cwriculum for BUSCEP
courses were administared by the BUSCEP mathematics’ leciurers in the
assessment process. These Intermediate tests consisted of open-ended
questions, and the content covered by the tests includes arithmetic,
algebra, geometry, trigonometry and pre-calculus. The questions related
o algebra geometry and trigomometry for those intermediate tests were
set by the resecarcher in agresment with the BUSCEP mathematics
lecturers.

These Intermediate achievement tests were hand marked, firsi, by the
BUSCEP mathematics teachers and then the researcher remarked them.
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The emphasis during the remarking process was on the correct
mathematical reasoping and students were given partial credit.

The two infermediate tests were combined with the results from the
means geores of the students’ systematic continuous assessment (labelled
Mini-test) which play a vole in the calculation of the Final-Result at
BUSCEP, in order to determine if the student may pass without writing
the exam, fail or get a right to write the exam in this subject.

Mini-test is the name given to the short achievement tests comprising two
to three questions assessing the contents which had been covered d—ring
the previous period of approximately sixteen hours in the ciass_mom '
teaching-learning process. Svudents must write this type of test during
the first 20 minutes of a class in which the mathematies teachers
introduce & new topic according to the BUSCEP mathematics syllabus.

During the semester all students must write four such tests without any
. previous warning. These tests were set by the same lecturers, hut differ
from group to group. In the study, the term Mini-test correspend to the
mean of the scores achieved Ly the studenis on those tests. The Final
result is calculated using the following formula;

F =047, + 04T, + 02M,,;
where,

e Frepresents the Final result (or end-of-semester result);

s T; represents the mark achieved by the students in the first
intermediate teat:

& T represents the merk achieved by the students in the second
intermediate test, and;

v My represents the mean of the scores achieved by the students
in the Mini-tests,
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3.3.2. The affective variables

The instrument used to measure the affective variables was the
questionnaire designed by the researcher, The guestionnaire consisting of
40 briefly stated items, to which each student would respond as checklist
items or ranked-items, were then set up as shown in Appendix B. The
questionnaire would allow the students to express their opinions and
attitudes toward mathematics because, the students whe had ancther
preferencehadtheﬁ:eedomandspacetowﬁtetheirownopﬁondr
suggestion, (see Appendix B). None of the students added a new or
different opinion, thus the statements presented in the reseamrcher
designéd questionnaire were adequate and sufficient for measuring their
attitude toward mathematics before entering the university.,.

According to Cohen and Manion (1985), the use of questionnaires in data
collection is an objective method, because it is less bumsm situation
whereby people are more likely to express aspects of thoughts, feelings
and values, and it is more economical than the interview in terms of
money and time, However, if it is anonymous, motivation of respondents
cannot be checked, and it becomes difficult to judge the validity of their
responses, (Cohen and Manion, 1985).

In this study, the students were required to put down their names in
order to bhe shle to compare their attitude responsus from the
questionnaire with their achievomeni scores obtained from the
achievement tests.
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Before the research started, the pre-test and the gquestionnaive were used
in a pilot study which led to refinement of some of the questions and to a
better time allocation for both instruments. The numbei of guestions
included in each test was determined lavgely by the amount of time
available for it, (see section 3.3.1. and appendices A-1, A-2, A-3). For the
pre-test 50 minutes, were allowed, because that is the scheduled length of
the class period at BUSCEP and according to BUSCEP rules, special
testing schedules might provide periods of 120 minutes for each of the
achievement; tests. Most, of the students had sufficient time to complete
the tests. '

The questionnaire was also first submitted to the BUSCEP mathematics
lecturers well-kmown for. their experience and expertise in the
mathematies education system of Mozambique. Their suggestions were
used to improve the origingl design and the questionnaire was only
finglised after agreement with those teachers. Om the basis of
recommendations received from this group of teachers, three questions
" were modified slightly to avoid double-meanings and biased statements
and/or terms.

To simplify statistical manipulation and presentation, of the attitude
measurements, the responses of all rank-order items were after scored
from 1 to 4 from the least preferred to most preferred. And, in order to
facilitate further amelysis, the responses were then classified into two
categories, as follow:
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i) Category One:

e The ratings of 1 and 2 corresponding to the two last choices
wers interpreted as Low preference, and designated by the
sign “*, meaning that it is less used or never preferred.

ii)y Categery Two:

e The frequency of 4 and 8 ratings, corresponding to the first and
second choice, were added fogether and this combined frequency
was used to rank the High preference of the statement, and it
was designated by the sign “+”,

3.4, ANALYSIS

A statistical data analysis using the “SPS8 7.0” - Statistical Package for
the Social Scdences, for Windows 96, was carvied out.

Following Schumacher and McMillan (1993), who say that since the basis
of inferential statistics is the probability of estimation, then accepting the
pull hypothesis is also related to probability or chance, and Campbell
(1994), who states that in case of a large saxmple teat, the critical values for
the significance should be at 6% or 1% level. In this study, the researcher
decided to consider the level of significance of o =1%, in order o control
the Type I error, and, because of possible error in sampling and

measuremendt.
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Pearson’s Correlation Coefficients and the General Linear Model was
carried out. Analysis of variance (ANOVA) was used to access the
statistical significance of the differences among mean performance of the
two genders in the tests administered to the subjects. Two-way ANOVA
were also used to compare the means of the categories of two independent
variables, gender and section, with the overall mean for the entire data

get.

According o some authors, (Schumacher and MeMillan, 1993; Campbell,
1994, Hays, 1994), the use of ANOVA rather than multiple “t-test” is
acceptable as the “t” statistic squared is the same as the “F” statistic with
the appropriate degree of freedom. And, they further argue that if
multiple t-test were used, the researcher would increase the likelihood of
finding a sigmficant difference by chance where none exists.

Further analysis in the study, uses the analysis of covariance (ANCOVA)
to adjust students’ difference in the intermediate achievement tests and in
the scores of the Final result based on the initial differences from the Pre-
test, which was related to the mathematics knowledge gained before
entering the university.

With the analysis of covariance the researcher wishes to remove some of
the variances that can be attributed to some extraneous factors other than
what were expected by the researcher to be influencing the variability in
attainment. The second purpose of covariance analysis was to inorease the
power of statistical test to find differences between males end females,

The difference in the difficulty and discrimination indices was tested
using the test f~~ differences of two proportions; that is, a Bonferroni
adjustment to the significance level, (Hays, 1994), was mads, 8o that each
item of the Pre-test was tested at & =1%, (see sections 8.3.1. and 4.2.85).
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Chi-squared tests were also computed to determine if gendex-related
differences exist in the scores distribution by perjaorma.nce cxiterion,

All the Chi-squared scores were computed using the actual frequencies
but the reported tables are in percentage as the sample sizes are so vastly
different.

3.5. VALIDITY AND RELIABILITY

To examine validity and reliability of the instruments used in the
research, the Pre-test and questionnaire were submitted to the BUSCEP
lecturers of mathematics who are experienced in the mathematics
education system at secondary achools in Mozambigue,

For content-ralated validity, all of the 8 teachers involved in the study
agreed that the Pre-test and the others achievement tests covered the
prescribed syllabus for mathematics for BUSCEP students at UEM and
were at the appropriate cognitive levels. The queatibnnajre covering the
possibilities of attitudes and approaches to learning mathematics, was
only administered after agreement with them,
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The evaluation of reliability nsed in this study is the ons which makes use
of the idea of correlation and equivalent tests given by Ebel and Frisbie
{1991:77).

“The reliability coefficient for a set of scores fromn a
group of examinees is the cosfficient of corvelation
between that set of scores and another set of
scores onm  an  equivalent test obtained
independently from members of the sanie group”.

(Ebel and Fribie, 1991:77)

Relinbility was also assessed by inter-rater agrveement, and by the
difficulty and discrimination. indices displayed by the Pre-test itema.

The method of using the difficulty and discrimination indices to assess
relighility and validity is supported by authors such as Cronbach, 1990;
Ebel and Frishie, 199%; and Schumacher and McMillan, 1998, as yet
mmentioned in section 2.8.6).
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Chapter 4

RESULTS AND DISCUSSION

4.0. INTRODUCTION

In this chapter the results of the study will be presented. Firstly, gender
differeices em. the mathemstics achievement {fesis, as a measure of
mathematics performance, will be described and discussed. Secondly,
gender differencea in the aftitude towards mathematics and gender
differences on the approaches fo learning mathematics, will also be
described and discussed.

4.1. GENERAL RESULTS OF SAMPLE

The firet result obtained in the study was related to the characteristics of
the sample used. These sample consisted of 226 first year university
students who passed the entrance examinatisi for Agronomy, Biology,
Engineering and Science courses, (Chemisiz.;, Physies, and Geology), at
Universidade Eduarde Mondlane (UEM), and have been registered and
enrolling the Basic Mathematics course in BUSCEP program in 1996,
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The mean age of the final sample used was 22 years old, ranging from 17
to 33 for hoth genders. The mean age for each gender was 21 and 22 years
old for females and males respectively. Most of the students were from
Maputo, at 62.3% of males and 84.3% of females, in contrgst to the
percentage of all students from upcountry at 37.7% and 15.7% of males
and females respeciively.

Figure 4.1 illustrates the distxibution of the sample by course enrolied by
the 1996 BUSCEP students. As can be seen, the percentage of females
was remarkably less than that of males in all the courses except in
Biclogy where, by contrast, the number of females students is higher
than that of their counterpart males.

Figure 4.1:Percentuge of 1988 BUSCEP students within course
by gender

%of Students
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in spite of the same mathematics curriculum taught, at UEM, for
Agronomy and Biclogy students, it is evident that both courses are
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enrolled by female and male students in gpposite proportions, Perhaps the
causs is the influence of mathematics in the entrance examination in both
courses, because Biology is free of mathematics in the entrance
examination while Agronomy has mathematics as a key subject,

Table 4.1: Frequency distribution of 1996 BUSCEP

atudents by course and gender
Males Females
N % N %

 Engineering 99 56.6 13 25.5

Sciences 21 120 | 8 5.9
| Agronomy 49 280 | 22 43,1

Biology 8 3.4 13 26.5

Total 176 100.0 51 100.0

If the percentage distribution of the sample was vaken considering the
percentage within gender, it is noticeable that a high percentage of males
was found in Engineering (56.6%) against the 8.4% of males enrolling in
Bioclogy course, (see Table 4.1). The females distribution shows that
Science courses are enrolled by a low percentage of them in contrast of
Agronomy, However, Engineering and Biology are enrolled by the same
percentage of fomales, In the study, students were grouped in two
sections, (SCIENCE and BIOLOGY), and within the sections, they were
gorted by gender, Table 4.2 shows the distribution within gender by
gection,



Table 4.2: Number and percentage of 1996 BUSCEP
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students by section and gender
Male Female
No: % No: %
SCIENCE 120 63.6 16 8314
BIOLOGY 55 314 35 68.6
Total 176 100 51 160

The percentage of females in SCIENCE section was 31.4%; clearly lower
than that in BIOLOGY section (68.6%). By contrast, the percentage o
males was exactly the opposite, being 68.6% in SCIENCE and 31.4% in
BIOLOGY. Figure 4.2 illustrates the percentage distribution within

Figure 4.2 : Parcantage of 1995 BUSCEP students within

sactlon by gender
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As can be seen, females are still under-represented in higher education in
Mozambique, particularly in Science and Engineering cowrses, which
require extensive mathematical trzining, The Chi-squared test of
independence for the two varisbles gender and the relationship of
enrolling in a career involving s large amuunt of mathematics is highly
significant, »? =~ 22803 ; p<0.001; ie. there is a gendeyr- typical infiuence
on the oplion to enter such career at University. This inding can also be
confirmed further in section 4.3.1.8, where siundents responses to the
question related to the mfluence of mathematics in career choice are
reported.

The problem related to the low participation of females in Engineering
and Science courses is a world wide phenomena, and as suggested by
some authors, (Eccles, 1986; Dick and Rallis, 1991), it is impoessible to
consider this question without examining gender differences in
- mathematics pexformance and academic course selection. For example,
Young and Fraser (1994), said that in Australian schools the probiem of
under-representation of females in science is often atiributed to their poor
performance.

Of course, this problem of under-vepresentation of females in scientific
careers is an unfavourable situation for educational research as the
investigation of gendex differences in attitudes and performance in most
atudies, in the field of mathematics at university level, suffers very
different sample sizes,



58

4.2. GENDER-RELATED DIFFERENCES
ON PERFORMANCE

The mathematics performance of students is one of tue major dependent
variables studied. It was measured through the secondary school
mathematics results, the entrance examination scores, the achievement
tests done at BUSCEP, (the Pre-test, Test-1, Test-2 and the Mini-test),
and the Finsl results in mathematics at BUSCEP. To determine and
interprot, the inter-relationship between the tests, correlation coefficients
were calenlated. In this study, correlation coefficient can also be reported
as a predictive validity.

4.2.1, Instrument Correlation

Pearson’s product-moment correlation coefficient was computed with data
from all sample, between the tests, and the results are shown in Table 4.3.

In the Table 4.8, the measures of mathematical performance were all
positively correlated with the Pre-test. When the data were analysed by
gender, the results were, in general significant, Meanwhile, the negative
correlation observed for females, between the self-roported mathematics
scores fron. secondary school and the multiple-choice Pre-test could
explain the diffieultiss experienced by them with respect to the Pre-test,
which was elaborated in an unusual form of presenting questions in tests
at secondary school. The relatively high correlation between the
intermediate tests and the Final result exists because the Final-result is a
~ linear comhination of the intermediate tests and the Mini-test.



Table 4.3: Pearson’s product-moment Correlation-Coefficients

between the tosts.
Males Fomales Total
N r N T N r
Mat.Soc/Ent, Ex, | 169 .288** | 88  .102 | 207  .206™
Mat.Sec/Pre-Test | 175  181* | 51  -078 | 226  .129
Mat.Sec,/Tes-1 172 088 | 51 250 | 223  .098
Mat Sec/Test-2 | 3170 .813% | 51 278 | 221  .301**
Mat.Sec/Mindtest | 171 121 | 51 .168 | 222 130
Mat.Bec./Final 172 .194* { 51  .315% | 223  .222%*
EntEx/Pro-Test | 169 238% | 38 206 | 207 .253%
Ent.Ex/Test-1 166 281 | 88 300 | 204 .260%
EntFx/Test2 | 164 .382°* | 88  547** | 202  .383**
EntEx/Minitest | 165 .169% | 38  .284 | 208  .167*
Ent.Ex./Final 166 .829%* | 88 510%™ | 204  .874%*
Pre-test/Test-1 172 41 | 51 215 | 228 197
Pro-test/Test-2 170 .281* | 61  .828* | 221  .314"
Pro-test/Munitest | 171  .168 | 51 438~ | 222 07"
Pre-tost/Tinal 172 291 | 51 .87 | 223 885"
Test-1/Test-2 170 405" | 51 450 | 221 448
Test-/Mini-test | 171  .176* | 51  .200* | 222 .74~
Test-1/Final 172 769" | 51  .868* | 228  .805"
Test-2Mini-test | 170 857" | 51  .481® | 221 361
Test-2/Final 170  .881* | 51 797 | 221  .831"
Mini-test/Final | 171 - .680* | 51  .s69™ | 222 502"

* Correlafion is significant at the 5% level (two-tailed).
» Correlation is significant at the 1% levesl (two-tailed).
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4.2.2. The secondary schoel and entrance examination
g its in mathematics

The first step in the analysis was to compare the mathematics mean
acores that males an femalss obtained in the secondary school and
entrance examination.

4.2.2.1, Gender Differences on means

The students mathematics scores achieved in the entrance examination
and at the secondary school were computed for possible gender
difforences. As can be seen in Table' 4.4, the ae]f-réporbed scores obfained
in the secondary school mathematics and, in the entrance exemination
have a lowest score of 50 (or nearly), because it is the minimum score
necessary to obtain the school leaving certificate and to be admitted to the
university courses.

Table 4.4: Means, standard deviations and range scores of the 1996
BUSCEP students in the secondary school mathematics and entrance

exammauonbygender

" Sec. School Mathematics Entrance Examination

Males Females Totul | Males Females Total
N=176 N=51 N=226 [ N=169 N=88 N=207

Mesan 610  60.3 608 | b56.9 54.0 66.3
St. D, 10.6 11.1 10.7 9.2 8.9 9.2
|Minimum | 500 - 500 500 | 475 475 475
Maximum | 9650 900 950 | 830 880 880
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The differences in mean scores percent obtained by the students at both
variables, favoured males by at most 1% in secondary school mathematics
and 3% in the entrance examination scores.

The ratios of variability between males and females for mathematics
achievement at secondary school and entrance examingtion were 0.95 and
1.08 respectively, According to Feingold (1994), it ropresents a similar
variability of the two gender groups,

‘An analysis of variance (ANOVA) wa  ‘eulated for the statistical
significance of the difference and the results (F=8.160, df=1;205, p=0.077)
for the entrance sxamination, and (F=0.170, df=1;224, p=0.680) for the
scores achieved at secondary school, formd that the differences were also
statistically non-significant. - |

If the sections were considered, the difference in mean performance in the
entrance examination, (3% in SCIENCE, and 2% in BIOLOGY), still
favouring males, (see Appendix C). At secondary school mathematics,
males and females performed squally in SCIENCE, and the difference of
8% in favour of males was also observed in BIOLOGY. However these
differences were also statistically non-significant.

42.2.2. Gender Differences on the Pre-BUSCEP Performance-
Criterion

The previous analysis suggests that examining differences only in means

cannot provide a clear picture of the gender differences. A better
understanding of these differences in the secondary school mathematics
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results, snd enivance examination can be achieved by comparing the
distribution of males and f2males by pevformance criteria, as yet defined
in section 8.8.1.

Table 4.5: Percentage distribution of males and females by Performance-
Criterion in the secondary school mathematics and entrance examination

Sec. School Maths ' Enfrance Examination
Males  Females Males Females

Weak 49 53 66 82
Medium 20 20 23 13
Strong 31 27 11 5

When the analysis was done at the performance criterion the results
display some small differences only in the entrance examination wheve
the percentage of females, (82%), scoring at lower level was greater than
that of males (66%). In contrast the percentage of males, in the middle
. and upper performance criteria, exceed that of the females. It means that
the females performance was comparatively weaker than that of their
counterpart males. -

The Chi-squared test was done and, non-significant dependence of the
distribution of seores by performance criterion based on gender was found,
(22 =0322%; p=0851 for secondary school and 27 =3445p=0179 for

entrance examination).
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4.23. The Pre-test
4.2.3.1, Gender Differences ot Means

As shown in Table 4.6, the p ean scores of the ma!. was 60.6 and that of
females was 43.8. The difforence of 6.8 between males and females in the
Pre-test performance was found to be statistically non-significant at
a = 001 level when the analysis of variance was done; (F=5.708, df=1:224,
p=0.018).

Table 4.6: Means and Standard deviations achieved by the 1996
BUSCEP students in the Pre-test by gender and section

Total Sample | SCIENCE BIOLOGY

Male Female | Male FPemasle | Male  Female
N 176 51 120 16 b5 36
Mean 50.6 45.8 50.6 484 50.8 41.6
St. D. 18.3 16.6 18.7 15.1 17.7 17.0

When comparison was done within the sections, the mean ascores of the
SCIENCE students were 50.5 for males and 48.4 for females, while in
BIOLOGY the difference was more stressed (2.2), however, the ANOVA
test still found the difference to be statistically non-significant (F=5.910,
df=1;88, p=0.017). On the other hand, the variance ratio of males to
females in the Pre-test was 1.04, meaning that both genders had & similar
variability in terms of mathematics performance also in the Pre-test.
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4.2.3.2, Gender Differences on the Perforinance-Criterion

A comparisn between males and frmates achievement at performance
criteria, (see section 3.3.1.), was also J - =. A lower perceniage of females,
compared to that of males, achieved the highest Pre-test scores, i.e., only
4% of the females compared to 13% of the males gain the scores at the
upper performance critexion. However, the differences in performing at
specific performance criterion were statistically non-gipnificant at 1%
level, when Chi-squared test was computed (x2= 7.747, p=0.021). This
implies that achieving scores at specific pexformance cxiterion in the Fre-
test was also not related to gender. Figure 4.3 gives a graphical
illustration of these distribution.

Figure 4.3 : Percentage distribution of the Pre-test scores
of the 1996 BUSCEP students by Performatice-Critalon
and gender

Porcentage of the 0%y .

Students 0% DO Males
O Females |
209
0%
mz:- '
Lower Middle Upper
Perfarmance-Critsrion

As can be seen, the percentage of females in each performance criterion
decreases from the lower to the upper, However for males, the percentage
in the raiddle performance-criterion is the highest compared to the lower
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and upper performance criteria, contrasting the distribution of their
counterpart females who ave more and over represented than males at the
lower performance criterion.

4.2.3.3. Gender Differences on Cognitive levels

The mathematical content in the Pre-test was bmoken down into the
cognitive levels of Knowledge, Understanding and Application, for the
investigation purposes. Table 4.7 dieplays the means and standard
deviation achisved by the BUSCEP students according to those cognitive
levels.

Table 4.7: Means and Standard deviation of the 1896 BUSCEP students
in the Pre-test by cognitive levels and gender

Enowledge Understanding Application

Males Females | Males Fomales | Males Females
N 176 61 175 5t 175 51
Mean 52.9 38.9 46.6 41.9 52.6 50.7
 8t.D. 27.6 25.5 314 28.7 28.6 25.2

Males generally scored highar th: ~ females at all three cognitive levels.
But, when an ANOVA test was wivied out the diffarences were found to
be statistically significant at 1% level for knowledge only, with F=10.508,
df=1;224, p=0.001. (See Appendix C).
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Taking into account the section and gender as independent variables, for
the analysis of variance, the results indicate that section variable and the
interaction, have not statistically significant effect for all the cognitive
levels of the Pre-test, {see Table 4.8). However, the variable gender was
atatistically significant for knowledge only, F=8.700, df=1;222, p<0.01).

Table 4.8: Two-way ANOVA. for cognitive levels by section and gender.

. F df P
Enowledge .
Section 0.015 1;222 0.908
Gender 8.700 1;222 0.004
Interaction 0.013 1,222 0.910
Understanding }

Sectinm 0.617 1;222 0.433
Gender 0.363 1;222 0.547
Interaction 2.486 1;222 0116
Application

Section 1.056 1;222 0.305
Gender ' " 700 1;222 0.990

In. raction 12 1;222 0.608

The results obtained o «t the results of other ressarchers such as,
Fonnema and Carpenter (1981), Tartre (1990), Tartre and Fennema
(1995). They found that the achievement differences between forales
and males increased with the cognitive level, and when the differences
favour males, it is in the areas of understanding and application,
contrasting with the results of this study. .
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On one hand, this sitnation can be explained in terms of the
differences on the characteristics of the sample used in this study
compared o the other studies. On the other hand, the statistically
significant difference found for knowledge, in this study, can be
justified by the fact that most of the female students did not study
mathematics for about six months after the secondary school because
this suhbject it was not evaluated in the entrance examination for their
courses, (see section 4.1). Thus, the time lag between the ¢nd of the
secondary school and the start of the university sindies could have
affected wore this group in the capacity of remembering simple rules
which were required for the solution of the cxercises on this cognitive
level.

Other studies report that male supeviority in mathematics is found
especially in performance on tasks of high cognitive complexity such as
true problem solving (Fennema and Peterson, 1985; Hsll and Hoff, 1988;
Bamard and Cronjé, 1996). Meanwhile, Fenmema and Sherman (1978),
comparing mathematical tasks at several levels of cognitive complexiiy,
such as, knowledge of concepts and problem sslving found no gender-
related differences for their sample of grades 6-8 pupils.

Leder, (1990b) also found that, on average, fomales do not score as high as
males on mathematics tests, especially if those tests involve higher level
cognitive tasks, If gender differences are found for young children, they
tend to favour females (Hlyde, Fennema and Lamon, 1990; Armstrong,
1981) in knowledge and skills (Fennemsa and Carpenter, 1981).

According to others, when the differences favour males, it is in the areas
* of understanding wnd application (Fennema and Carpenter, 1981) aad
problem solving (Tartre, 1990; Tartre and Fennema, 1995),
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Maccoby and Jacklin (1974), o, the other side argne that of all the
cognifive skills, mathematics performance has been thought to show the
largest differences in favour of males; these differences, not usually
evident in grade schoal, are thought to emerge during adolescence.

4.2.34. Gender Differences on Topics

When the data were aggregated by topice, gender-velated differences were
apparent in all threp topics (Algebra, Gleometry and Trigonometry).
Although, males performed better than fomales in all the topics, and the
differences were more evident in Algebra and Trigonometry. Table 4.9
gshows gender's mean scores, and stan&ard deviations related to each
mathematies topics.

Table 4.9: Means and Standard deviations of the Pre-test

by topics and gender _ _
Algebra '!‘rigonoméw . Geometry
Males Females | Males Females | Males Females
N 178 Bl 178 5L | 175 51
Mean | 6391 5178 | 3768 8047 | 50290 4874
St.D. | 2893 3328 | 27.88  2L70 | 2898 3093 |

Thers were considerable but pon-significant gender related differences in
Algebra (12.6), which was sirongly emphasised in school, {(about two
thirds of the total time for mathematics at secondavy school is spent on
teaching Algehra). The differences were smaller for Trigonometry and
Geometry 7.2 and 1.6 respectively,
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Those differences are interesting as these topics receive respectively less
time at school, (see section 1.1.3.). However, the analysis of variance did
not show the mean differences to be significant. {Appendix C).

Table 4.10 provides a summary of the two-factor, (section and gender),
having the mathematics topics scores as the dependent variahles. And, for
all topica, (Algebra, Geometry and Trigonometry), there were no
significant main effects for section and gender, as well as no significant
interaction effects. '

Table 4.10: Two-way ANOVA for the Pre-test mathematics

topics by section and gender
F daf D

Algebra -
Section 0.828 1,222 0,361
Gender 4,087 1,222 0,044
Interaction 0.131 1,222 0.718
Trigonomeiry
Section. 1,827 1;222 0.167
Gender 0.044 1,222 0.884
Interaction 1.088 1,222 0.298
Geometry _
Section 0.250 120 0.618
Gender . 3.078 1,222 0.081

Interaction 0,862 1,222 0.4b64
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This result is similar to that of Swafford (1980), using a sample
corrposed equally hy males and females in fivst year College Algebra.
Other studies indicate that gender differences are limited to certain aress
of mathemat s (Flanna, 1986; Hanna, 1989). Same regearchers have
foumd. that there are no significant diiferences among gender groups in
mesan percent correct for Algebra, Arithmetic and Statistics, while such
differences were obse-ved in Geometry and Measurement (Feunema and
Carpenter, 1981; Cheung, 1989; Hanna, Kundiger and Larouche, 1989;
Fermema, Peterson amd Carpenter, 1990; Fennema and Hart, 1994),

4.2,3.5, Gender differences on item level

The analysis of mean performances of males and fernales in the Pre-test
did not, disclose any statistically sigmificant gender difference, (see section
42.5.4). It may be possible that such analysis excludes more specific
gender differences because the test as a whole is taken as pcint of
departure,

As, has been argued by authoxs such as Becker (1990), and Feingold 1994,
(see section 3.8.1), the absemce of mean difforences in the performance of
both gender groups is not sufficient evidence for a conclusion that such
differences do not exist. Thus, an analysis of each multiple-choice item
can also provide more information on the performancs of males and
females on mathematics pexformance in the Pre test. -

Thesefore, in this study, an. analyais of the differences on item level of the
Pre-test was also done to find out whether there were any differences
between males and females on that level, The values of the Difficulty sud
Discrimination indices for the overall sample and for each gender group
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are displayed in Table 4.11. Those values were calculated using the
following formulas, (presented in section 2.2.4);

_H+L . Dige < 2XH L)
Dyff =—57=x100 ; Dise >

where,

¢ Diff is the numerical value of the Difficulty
index of a question,

o Disc is the numerical value of the
Discrimination index of a question,

e H is the number of correct answars in the
high group.

¢ L is the number of correct answers in the low
group.

¢ N is the total number of students in both

groups,
{Guilbert, 1981 and Gronlund, 1998)

Table 4,11: Difficulty and Diserimination indices

_ of the Pre-test items by gender
Difficulty index - % Disorimination index

| Males Females Total | Males Femals Total
Them 1 80 BT 82 | 035 047 048
Ttem2 | 32 87 B4 0.51 0.33 0.69
Ttem8 | 60 43 66 0.62 0.3 0.61
Ttem 4 53 63 58 0.25 0.33 0.35
Teom 5 63 53 66 0.49 0.40 0.65
Ttem 6 85 50 42 | 054 047 0.54
Ttem 7 24 13 27 0.37 0.13 0.89
Ttem 8 68 57 68 0.47 0.33 0.61
Ttem 9 25 28 28 0.27 0.07 0.88
Mean 51 44 54 0.43 0.32 0.51
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It is of certain interest, in the study, to note that the values of the
difficulty and discrimination indices were calculated using different
parameters (see section 3.8.1), according to the started differences on the
range of scores of males and fomales (gee Appendix C).

The moan value for the difficulty index related to all sample was 54%. The
difference between males and females in the mean values of the difficulty

index is 7%. When the values of the difficulty index of the males and

females werp compared it is clear that for seven of the nine items, males
haw; higher ditficulty indices then fomales, It means that seven items
were relatively more easy for males than for females,

Although; differences are amell, the mean values for difficulty indices
show that, in general, females experienced more difficulties in the Pre-test
than fid males. Both males and females found the item 1 as the easiest,
with the diffienlty index of 82% for the overall sample, and 80% for males
and B7% for females; however, the same value for fomales was found on
item 8. By contrast the items 4 and 6 were expevienced 48 much more
difficulty by males than by females. Tt is interesting to note that the two
questions 4 and 6 on which females surpassed males were both
gerwetrical exervises on the cognitive levels of underatanding and
application respectively. These questions will then be discussed with more
details later, in this section.

The mean value for the diserimination indices shows that the test was in
general above average discximination index (0.51) for botl. genders,
(males, at 0.43; and females, at 0.32), although, the differences were also
small. Seven of the discrimination indices, were higher for males than for
fomales, meaning that those items discriminate better between high and
low performers, for malr than for fomales, Item 1 and itexn 4 which
discritninate better among females were taken with different assumptions
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in the Pre-test. For item 1, the assumption was that students have met
the type of this exercise before, in the form required for the answer, while
for item 4, the assumption was that, the students have not met the type of
axercise in the form given in the Pre-test and, it was required the ability
to exirapolate a knowm procedure to a new situation.

The differences, between the two genders, in the difficulty and
discrimination indices were tested using the test for differences of two
proportions, A Bonferroni adjustment to the significance level was made,
so that each item was tested at @ = 0,01, (e section 8.8.1). Meanwhile no
statistically significant differences were found on item diffieulty and
discrimination between meles and fomales.

According to some authors (Guilbert, 1981; Ebel and Friebie, 1981;
Gronlund, 1998), it has been argued that a test with a difficulty index in
the range of 50% to 60% is very likely to be reliable as regards to its
internal consistency or homogepeity, (see sections: 2.8.6; 3.3.1 and 3.4).
Hence, the results obtained in this study can elsc be reported as an
assessment procedure for validity and reliability of the Pre-test.

On the other hand, anthors such as, Guilbert (1981), Ebel and Frisbie
(991), Gronlund (1993), state that a question with a difficulty index lying
between 30% and 70% is acceptable, {see sections: 2.3.6 and 3.3.1), Thus,
the difficuity indices for item 7, (24% for males and 13% for females), and
item 9 (25%) for males and 23% for females lay outside the acceptable
bounds.

In Table 4.12, the distribution of the studenis’ answers by alternatives
presented for each item is shown, As can be seen the frequency of choice
was remarkable on the correct answer excapt for items 6, 7 and 9 in which
the students preferred not to choose. Thia situation may be hecause the
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items are related to Geometry (item 6) and Trigonometry (items 7 and 9)
which according to the mathematics curricula, receive less attention
during the secondary school, (see section 1.1.3), and it did not allow the
students the pleasure to do any guessing.

Table 4.12: Percentage distribution of the students choices
of the option in the items of the Pro-teat by gender

Option | Option | Option { Option Not -

Ttem |Gender | A B c D answered
1 |Males | 78* 1 ) 0 19
Females | 63* 4 2 | 2 29
2 | Males 7 46* 14 12 21
Females | 6 41* 21 18 14
3 | Males 24 3 | e8* | 2 3
Females | 27 12 58*
4 |Males | 18 58 | 4 16
Females| 21 | 63* 6 10 0
"B |Males | 65 1 8 23
| Females | 51* | 2 4 41
6 | Males 5 5 | 86+ ) 51
Females | 2 12 89* 4 43
7 |Mals | 10 4 25 4 55
' Females { 19 4 12* 10 55
8 |Males | 4 10 68" 7 11
Fomales | 8 16 63" 12 2
9 [ Males 24* 18 23 11 29
Females | 22* 12 23 18 25

(* denotes the correct answer of sach question)
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According to authors such as Guilbert (1981), Ebel and Frishie (1991),
Gronlund (1993), the frequency with which each incorrect answer is
chosen may revesl common errora and misconceptions, which can provide
a focus for remedial work.

In item 1 the distracters did not played any influence on guessing for both
genders, perhaps because of the high level of facility experienced by the
students of both gender groups. And as yet reported, females also found
items 4 and 6 more easy than did males, thus in the degree of guessing,
gender differences were small.

In the following items new pointers will be discussed:

-35’y + ()
xp - 2x?y?

Ttem 1: Simplify =2

a1
x-xy?
xy

1-2(xyy?
*y?

. Ry —)

0

)

N.B.: The corzect answer is A.

This item is related to Algebra which is strongly emphasised at secondary
school. The assumption in this item was that students have met the
exercise before in the form required for the answer.

In spite of the more difficulty experienced by females (57%) than males
(80%), both meles and females found the item 1 as the sasiest, with the
difficulty index of 82% for the overall sample, The item 1 also discriminate
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better between the low and high performers for females (Disc=0.47) than
for males (Disc=0.35).

Ytem 4: Can these shapes form a cube?

. BothX and Yean
X can put 'Y cannot
Y can but X cannot

g o o ¥

Neither Xnor Y can
N.B.: The correct answer is B

Ttem 4 whose the difficulty index reveals to be a easier question for
females (Diff=63%) than for males (Diff=53%), also discriminate better
between the low and high performers for females (Dise=0,33) than for
males (Dise=0.25), In this item the assumption was that the students have
not met this type of exercise. The students are required to do am
extrapolation of known procedures to a new situations, The choice of the
alternatives shows a similar distribution for both gendexs,



Kii

Item 6: In the following picture, AB and CD are parallels. Considering
the given values in that picture, the value of y will be:

A 21 B

B. 26 D

L. 18 t N y

D. 18 _ \ 14
A : \

14

N.B.:'Ihecorrectanswmisc '

This exercise re, - . - / :0 ability {o use skills in a way which goes beyond
recall of simple rules. The studenis was required {0 recognise the
applicability of geometrical formula in an unusual contexts. Here, it was
assumed that various routine geometrical skills needed to do the exercise
are familiar to the students, and that they have done drill work in similar
but not identical exercises.

The result shows that a large proportion of the sample did not answer this
jtem. It should mean that students were not securs with their skills in
solving geometrical problems, perhaps, because of the less emphasis given
to this topic at secondaxy school. Although, more females (39%) than
males (36%) chose the correct answer. But, among the choices non-
significant gender differences were disclosed. This item had an excellent -
discrimination fox both genders.
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Ttem 7: Determine the value of BD in the given figure ABCD.

A 34
B. 8

C. V19 3
D. 1543 a0 An

N.B.: The correct answeris C.

Here it was assumed that students have done drill in tasks similar to
that. And, the only skill required was to bring to mind previously learned -
information in the form that it was given, that was required a recall of
simple rules, The difficulty index for item 7, was 24% for males and 13%
for females, lying outside the acceptable bounds.

Item 9: Knowing that « is an angle in the third quadrant and,
sina=—%, ths angle 2¢ will be located in the following quadrant;

A Wirst
B. Second
C. Third
D. Fourth

N.B: The correct answeris A
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For item 9 which is related to the cognitive level of understanding, it was
assumed that pre-university students of Mozambique would have the
technical skills needed to solve the exexcise, but in fact the majority of the
BUSCEP students had the difficulty with this item, perhaps, because of
the less emphasis given to this topic at secondary school and ‘he wayv in
which it has been taught for secondary students that focuses on the rote

and memorisation of formulias.

Ttems 7 and 8 which were also found to be difficult for both genders and it
seems to have a very low discrimination index. However, item 9 was the
poorest question for discriminating between low and high performers for
females, while item 7 displayed a marginal discrimination which means
that it was also an inadequate question for this group.

4.2.4. The internm: liate Test-1

4.2.4,1. Gender- . Afferences on Means

Table 4.13, displays the results achieved by males and fomales in the
intermediate Test-1. The mean scores for the males and females, wexs
63.3 and 49.7, respectively. In terms of variability, the variance ratio of
males to females indicates that females were found to be more variable
than males, (ratio=().82), in Test-1. In the ANOVA test computed for the
whole sample, the difference, on mean, of 13.6 in favour of males was
found to be statistically significant, at the 1% level (F=22.373, df=1;221,
p<0.03).
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Tabie 4.18: Means and Standard devintions
achieved in Test-1 by gender and sectioa

Total Sample SCIENCE BIOLOGY
Males Females | Males Females | Males Females
N 172 51 118 16 | b4 35

Mean 63.3 4.7 69.0 68.2 61.0 41.2
St. D, 17.2 209 14.0 13.0 173 18.3

When the sample was sorted by section the analysis of variance which
was carvied out, found that, the differences were statistically non-
significant with F=0.047, df=1;182 and p=0.829 for SCIENCE, and
¥=6.545, df=1;87 and p=0.012 for BIOLOGY. Meanwhile, if a two-way
ANOVA was done for Test-1 with section and gender as independent
variables the result shows that for Test-1 significant main effect was
found, only for section a8 can be seem in table 4.14.

Table 4.14; Two-way ANOVA for Test-1 by section and gender

= G
Section 70.989 "1,219 0.000
Gender 3.968 1,219 0.048
Section » gend~r 2.864 1,219 0.092

In the analysis of covariance (ANCQOVA) of the test scores, using the Pre-
test as the covariate, a significant main effect for gauder (F=18.831,
f=1;220, p<0.01) was found, while the Pre-test was not statistically
gignificant at 1% level; F'=5.627, di=1;220, p=0.019, (see Appendix C). It
means that although students enxolled in the same mathematics classes
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the differences in performance between males and females existed in Test-
1 with females showing lower attaiminent, even with the adjustment of
the initial difference in the Pre-test considered,

4.2.4.2. Gender Differences on the Performance-Criterion

When the analysis were done on the perforrance criterion, the
dependence of achieving at specific level on gender was statistically
significant (x} = 17.871, p<0.001), with a higher percentage of males
(42.4%) than that of females (19.6%) achieving at the upper performance
criterion. The opposite situation ocours in the lower performance criterion
where the perceniage of females (51%) is higher compered io that of males
(22%). In the middle performance criterion the distribution was similay
between the two genders. This situation is better illustrated in the graph
in Figure 4.4,

Figure 4.4: Parcentage distribution of the Tast-1 ecores of the1996
BUSCEP students by Performance-Criterion and gender
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4.2.5. The intermediate Test-2
4.2.5.1, Gender Differences on Means

In Test-2 the mean scores achieved by the males was at 49.1 percent and
that for fomales was at 41.1 percent, {Table 4.45).

Tablg 4.15; Means and Standard deviations

of Test-2 by gender and section
Total Sample SCIENCE BIOLOGY
Males Pemales | Males Females | Males Fomales
N 170 51 117 16 53 3B

Mean | 491 411 49.6 idd | 488 39.6
StD. | 160 15.0 166 200 | 148 19.1

In the analysis of variance (ANOVA) the differences in mean performance
favouring males, were found to ba statistically significant at 1% level,
(F=10.221, 4f=1;219, p=0.002). (See Appendix C), However, the variance
ratio of 1.08 of males to fomales shows a similar variability of both gender
groups with regard to the mathematics performance in Test-2.

When section variable were taken into account, the related gender
differences favouring males continues to be statistic dly significant at 1%
lavel in BIOLOGY only, (F=8.005, df=1;86, p=0.006). In SCIENCE the
results show that males and females performed similarly, The main effect
for gender and section as independent variables was found to be
statistically non-significant and there wers no interaction effects, (zee

Appendix C).
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In the analysis of covariance, (ANCOVA), it was found that, the Pre-test
was statistically significant, (F19.989, d£=1;218, p<0.01). The main effect
of gender was found to be statistically non-significant at 1% level, with
F=6.623, df=1;218, and p=0.011. This results means that, if the initial
diffevence in the Pre-test was controlled, the enrolment in mathematics is
gtill producing similar achievement for both males and females.

4.2.5.2, Gender Diffarences on the Performance-Criterion

In Figure 4.5, it is ustrated the distribution of the achievement scores of -
the students on Test-2 by performance criteria and gender. Hare, it can be
seen that a small percentage of students, mainly males, achieved the
highest scores (scores of 70 aud over). The percentage of females overtake
that of males only at lower level of performance. |

Figure 4.5: Percntage distribution of the Test-2 scares of the
1906 BUSCEP students by Performance-Criterion and gender
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The chi-squared test confirms that the dependence of that achievement
distribution by performance criterion on gender is highly significant
(23 =10154, p = 0.006),
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4-2-6- The Mini-TeSt
4.2.6.1, Gender Differences on Means

Gender performance in the Mini-Test is presented in the following Table
4.16. Females outperformed males in the Mini-test, however this
difference was not statistically significant when the aralysis of variance
was carried out (F=1 W7, df=1;220, p=0.317).

Table 4.18;: Means and Standard deviations of the
Mini-Tegt by gender and section

Total Sample SCIENCE — BIOLOGY

Males Females | Males Females | Males Females
N 171 Bl 117 16 54 35
Mean | 638 660 | 604 643 711 668
st.D. | 187 138 1.7 8.0 149 158

Evern when the sample was grouped by section, the difference of 4%,
favouring females remains in SCIENCE, while in BIOLOGY the same
difference was in favour of males. But none of these differences were

statistically significant.

Despite the non-msignificant gender difference in favour of the female
students, it ia evident that famales tend to outperform. males in such kind
of tests that reflects a clarimnom contents. This result ¢an be confirmed
later in section 4.3.3.2, wuecm the freguency of studying mathematics, of
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males and fomales is presented, with femsles being more regular than
males by studying mathematics everyday.

This finding is in agreement to what some researchers, (Behlin, 1694; Mji
and Glencross, 1998), found that males and femsles have different
mathematics learning stylea (autonomous and rote respectively), and
females perform better relative to males on items that require the
application of a familiar algorithm (e.g., classroom tests).

The analysis of covariance (ANCOVA) by gender and section with Pre-test
as covariate found a statistically significant main effect for section
®11.092, df=1;217, p=0.001) and for the Pre-test (F=13.626, df=1;217, _
p<0.001). There were no interaction effocts. These results favoured the
BIOLOGY students who appeared to have a more regular work pattern of
studying mathematics.

In the classroom tests (Mini-test), females advantage was seen, which
means that females performed slightly higher in the systematic
assessment. According to Kimball (1989), females are in
disadvantageous position when standardised tests are given but not
when doing tests that reflect classroom content, but Seegers and
Boelkaerts (1996), have concluded that males outperformed fomales on
mathematics tasks using a test that reflected classroom content.

The comparison dons in terma of the variance ratio of males to females
found a value of 0,99, which represents a similar variability of both
gender groups in the mathematics performance in the Mini-test.
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4.2.6.2, Gender Differences on the Performance-Criterion

Gender differences in the Mini-Test were also observed when the
distribution of scores by performance criteria were considered, with 39%
of females achieving the highest scores against 83% of males. At lower
performance criterion, the pexcentage of males (16%) was a double of the
percentage of females (8%). For both gender groups, the highest
percentoge was found at the middle performance criterion, {see section
4.6).

Figure 4.8; Percantage distribution of the Mini-test
scorus of the 1886 BUSCEP students by Performance-
Criterion and gender
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However, none of the differences, presented in the fipure 4.8, was
confirmed by the Chi-squared test (x? =1.779, p=0.411), computed for the
statistical significance.
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4.2.7. The Final Result
4.2.7.1. Gender Differences on Means

Table 4.17 shows the mean scores obtained by the students at the end of
the BUSCEP course. In the analysis of variance (ANOVA) that was done,
gender difference in favour of males was found to be statistically
gignificant with F=13.304, df=1;221 and p<0.001, for the whole sample,
However, the results indicate a similar variability of the two gender
groups, hence when the variance ratic was calculated found the value of
0.86.

Table 4.17; Means and Standard deviations of males
andfemalesinthe_a Final Result by section

Total Sample SCIENCE BIOLOGY
Mele  Female | Male  Female | Male  Femas
N 172 3] 118 16 Bd 35
Mean | 577 503 | 594 584 | 541 466
stD. | 127 188 | 120 o094 | 134 132

When the means performance were compared within sections, it was
found that in BIOLOGY tk. difference in favour of males was statistically
gignificant at 1% level, (¥=6.909, df=1;87, p=0.010). While, in SCIENCE
these differences on means were found to be not statistically significant
between the two genders. The analysis of covariance of the scores of the
Final result by gender with Pre-test as covariate found a statistically
significant main effect for gender (F=0.047, d£=1:220, p<0.01), and for the
Pre-test, (F=238.272, df=1:220, p<0.01). A pender-section analysis of
covariance of thase scores using Pre-test as covariate, found that there
was a significant main effect for section (F=14.625, df=1;218, p<0.001).
The gender-section interaction was not statistically significant.
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If the gender-section analysis of covariance c! these scores was done using
the Pre-test cognitive levels (kmowledge, undersianding and spplication)
as the covariate variables a significant main effect for section was found
for kmowledge (F=16.882, df=1;218, p<0.001), understanding (F=15.591,
di=1:218, p<D.001), and application (F=14.808, df=1;218, p<0.001). In
 similar analyses of covariance when the Pre-test mathematics topics were
taken as the covariate variables, a main effect for section but nof for
gender was found for ail topics, (see Tahle 4.18).

Table 4.18: ANCOVA for Final Result by Gender x Sectiom
- with Pre-test mathematics topics as covariate

¥ df P
Algebra 14.561 1,218 0.000
Section 15081 1,218 0.000
Gender 2.334 1,218 0.128
Interaction 2.328 1,218 0.129
Trigonometry 2.339 1,218 0.128
© Section 16.519 1,218 0.000
Gendar 3.257 1,218 0.073
Interaction 2.226 1,218 0.137
Geometry 9.568 1,218 0.062
Section 14.188 1,218 0.000
Gender 4,480 1,218 0.036

Tnteraction 1918 1,218 0.168

These results could be due to the fact that the Final Result is a Ynear
combination of the intermediate tests that provided a statistically
significant difference, and a similar variability of both gender on the
mathematics performance. '
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4.2.7.2. Gender Differences on the Performance-Criterion

The percentage of fomales (37%) who failed the subject (achieving at the
lowest performance criterion) before the exem was about three times of
the percentage of males (13%). At upper performance criterion females
were also less represented than males, (see Figure 4.7).

Flgure 4.7: Parcentage distribution of the Fina! resulis of the 1986
BUSCEP stutlents by Performance-Criterion and gender

Percentage of the
Students

Females are also less represented in the middle performance criterion
{51%) againat their counterpart males (64%), as illustrated in Figure 4.7,
The chi-sguared test confirms a gender influence o the distribution of the
achievement scores on the performance criteria of the Final result,
(x2 = 15.48, p<0.001).
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4.2.8. General discussion on cognitive level

The previous compaxison of the mean scores showed a constent males
advantage, in all standardised tests. However in the classroom tests
(Mini-test), fomales advantage was seen, which means that females
performed slightly higher in the systematic assessment. Despile the
non-significant gender difference in favour of the female students, it is
evident that females tend to outperforra males in such kind of tests that
_ reflocts a classroom contents. This finding is in agreement to what some |
researchers, (Bohlin, 1994; Mji and'Glencros_s, 1996), found that males
and females have different mathematics learning styles (autonomous and
rote respectively), and females pexform better relative to males on jtems
that require the application of a familiar algorithm (e.g., classroom test.s)

Although, from all the tests scores considered in this study, there were
negligible differences in the mean scores between males and females
when found in the mathematics scores from the secon&ary school, the
entrance examination and the Pre-test; in the intermadiate tests
(Test-1 and Test-2), and the Fingl Result, which were written during
the BUSCEP course, the differences favouring males, were found to be
significant at the 1% level.

According to Kimball (1989), females are in a disadvantageous
position when standardised tests are given but not when doing tests
that reflect classroom content, but Seegers and Boekaerts (1396), found
that males outperformed females on mathematics tasks using a test
that reflected classroom content.
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In the present research the variance ratio of males to females are: 1.04;
0.82; 1.06; 0.99; and 0,95 fvr tne Pre-test, Test.1, Test-2, Mini-test and
the Final result, respectively. These values mo close to 1 represent
gimilar variability of the two gender groupa with regard to
mathematics performance in the Pre-Teot, Taest-1, Test-2, Minj-test and
ihe Final Result. (See sections 2.1; 4.2.8; 4.2.4; 4.2.5; 4.2.6; 4.2.7).

Feingold (1924), argued that absence of gender differences in mean
acores may sometimes concesal gregter variability «f one of

which actually represents a gender difference. As found 1,

(1988), that the generalised belief that females cannot do
mathematics is not supported by the rssults from this study.
results obtained here contradict the findings of some other studies.
According to authors, such as Hall and Hoff, (1988), Levin, Sabar and
Libman (1991), Kaiser-Messmer (1993), males perform better than
females at mathematics, and the differences between the genders
incressa with age.

Gender differences in mathematics performance were also observed
when performance criteria were considered., Therefc.e, the gender-
kased differences on achieving at specific performance criterion were
statistically significant at 1% level, for Test-1, Test-2 and the Final
result where males wexe better represented at the highest performance
criterion, co.utrary to the lowest performance criterion where the
fomales representation wag higher.,

Malca gonerally scored higher than females at all three cognitive levels, In
gpite of the male studonts outperforming the female students, in all
cognitive levels, But, when an ANOVA test was carried out the differences
were found to be statistically significant at 126 1lavel for knowledge only,
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with F=10.508, df=1:224, p=0.001. (See Appendix ). These resulis are
supported by the results from study of Beclker and Forsyth (1994), who
found that males generally performed better at the upper pexcentile levels
of the score distribution in maihematics problem solving and science,
while females closed the gap and, in sore instances, outperformed males
at the lower percentile levels,

On one hand, this situatica can be explained in texms of the
differences on the characteristics of the sample used in this study
corcpared to the other studies, On the other hand, the statistically
significant difference found for knowledge in this study, can be
justified by the fact that most of the female students did not study
mathematics for about six monthe after ihe secondary school hecause
this subject it 489 ot evaluated in the entrance sxamination for their
courses, (see section 4.1). Thus, the time lag between the end of the
secondary achool and the start of the university studies coulid have
affected more this group in the capacity of remembering simple rules
which were required for the solutior: of the exercises on this cognitive
Jevel,

There were congiderable but non-sigmificant gender related differences in
Algebra, (12.6), which was strongly emphasised in school, (about tvo
thirds of the fotal time for mathematics at secondary school is speut on
teaching Algebra). The differences were smaller for Trigonometry and
Geometry 7.2 and L6 respectively, Those differences are intoyesting ns
these topics recaive respectively less time at school, (see section 1.1.').
Howevar, the analysis of variance did not show the mean differences to be

significant. (Appendix C).
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4.3. GENDER-RELATED DIFFERENCES
ON THE AFFECTIVE DOMAIN

The students completed a two-page questionnaire in  ass that asked
them questions about their learning style preferences and = attitudes
towards mathematics hefore entering to the university, including;

¢ how much ability they felt they had in mathematics as e gubject,

¢ how hard they worked in the schoo! mathematics courses, '

¢ how much they felt Iuck played a part in their performance,

¢ how important they folt the subject was,

e which type of questions they like in mathematics tasks,

¢ what influence was played by mathematics pexformance in their
career choice at university,

s how they seif-rate their previous results in mathematics,

o which factors they felt that they influenced theit mathematics
performance during the secondary education, and

o how interesting they folt the mathematics is.

4.3.1. Gender differences in Attitude Towards
Mathematics

43,11, Choice of career at University
With the intention to find out if there were any diffsrences on career

choice among 1996 BUSCEP students based on gender, students were
asked to write down their most preferved course to enrol at the University,
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and, the data displayed that the majority of females list Agronomy as the
course that interests them the most. Table 4.19 summarises the prefexred
university courses by gender of the BUSCEP students in 1996.

Tahble 4.19: Preforred First Choice University Cowrse by Gender

Males Females

N % N %
Engineering 103 59 10 20
Sciences | 6 ] 8 6
Agronomy 46 26 20 38
Biology 2 1 5 10
Medicine ¢ 2 | 5 10
Veterinary 0 0 2 4
Maths and Computer 10 i 2 4
Architecture 0 2 4
No Answer .4 2 | 2 4

Clear gender difforences were found, with Engineering being the most
popular course among males (59%), but unpopular for females (20%), In
conirast, Biomedical Sciences (Biology, Medicine and Veterinary Science)
wers nominated by the females af 24%, whilst they were preferred by 3%
of the males, Similar resulta were also found by Dick and Rallis (1921),
with a lower proportion of females than males choosing a career in

Engineering.

Overall, it is noticeable that for the students enrolling in the BUSCEP
program, courses such as Sciences and Matheraatics were equally less
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interesting for both genders, with 10% of fermales and 10% of males,
nominating this as the course of their prefsrence. The percentage of males
interested in enrolling in a Mathematics caveer was slightly higher when
compared to their interest in Science careers such as Physics, Chemistry
and Geology (8%). For females, the results show a slightly different
picture with 6% choosing Selence courses against 4% choosing
Mathematics, Overall, the differencea were significant in terms of gender,
as confirmed by the Chi-squared test, 47 = 44557, p <0001, It means that,
for the 1996 BUSCEP students, the choice of career at university was
highly influenced by gender.

Aceording to some authaors, (Fennema and Sherman, 1977; Megarry, 1984;
Armstrong, 1985, Fennems, 1985; DeBoer, 1984, DeBoer, 1986; Leder,
1990b: Maple and Stage, 1991, Dick and Rallis, 1991), this situation is
evident as soon as students have the opportimity to select their own
courses that fewer females choose to continue studying science subjects.
Females are also under-represented in advanced mathematics courses,
college majora and careers that involve mathematics,

Catsambis, (1995), on one hand, found that by grade eight, females
already begin to show less interest in science courses than males, Overall,
gender differences in science related attitudes and interests are much
stronger than gender differences in science achievement. On the other
hand, Leder and Forgasz, (1992) stated that during the compulsary years
of schooling in Australia the participation rate of students in mathematics
is very high. For the most demanding elective mathematics courses at the
post-compulsory years of schooling and at the tertiary level, females’
participation rates have persistently remained lower than males),
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4.3.1.2. Importance of Muthematics

To both genders, the importance of mathematics seemed to be beyond
question with a similar percentage of males and females demonstrating a
great believe in the importance of mathematics for their careers. As can be
seen in Table 4.20 only 2% in both genders stated that mathematicy is
unimporiant in the carcer in which they are anxolling,

Table 4.20: Percentage of 1996 BUSCEP students assessing the
importance of mathematics in their career by gender,

Males " Terales
o %)
Iiﬁportant 98 98
Unimportant 2 2

4.3.1.3, Influence of Mathematics on Career choice

As stated by Yennema and Sherman (1977), perception of the value of
mathematics or mathematics-related careers have emerged as a
significant predictor of both achievement and course plans in the
majority of studies. Therefore, in this stndy one question was
addressed to the students asking their opinion about the influence of
mathematics performance in their caresr,

With vegard to the influsnce played by the students’ mathematics
performance on their carcer choice, the study found that a greater
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percentage of males (75%) than females (67%) had the opindon that_thei.r
career choice was influenced by their matheniatical performance,

Table 4.21; Parcentage of the 1996 BUSCEP students’ responses
coneerning to the opinion about the influence of mathematics on
career choite by section and gender

SCIENCE T BIOLOGY
Males Females Males Females
% % % %
Maths infiuenced 78 ") Tn G6
Maths not influenced 22 31 29 34

Though, as the expected cell frequencies were too small to allow for a Chi-
sguare analysis, Fisher's Exact Test was used to measure the statistically
significance of the difference and the result showed that there was no
relationship between the variahles gender and the opinion about the
influence of mathematical performance on career choice, (p=0213),

The differences car also be detected when the comparison between the
two genders was done within the section enrolled as is showed in Table
4.21. However, Fisher's Fixact Test still found that there was mo
significant gender-hased influence of mathematics performance on career
shoico in both sections: (p=0530 for SCIENCE, and p=0645 for
BIOLOGY).

Considering the opinion about the influence of mathemsatics on career
choice as the independent variable, and the Final result as the dependent
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variable, the ANOVA test that was carried out, found non-significant
dependence batween the variables, (F=0.182, df=1;222, p=0.650).

Despite the statistically non-significant gender difference found, with
respect to the fluence of mathematice achievement on caveer choice,
there was a remarkable difference between males arnrd females on the
course *.  enrol at UEM (see section 4.1), hence, the proportion of
. females w:.. higher than that of males in Biology course only, which ia
unique in that it does not include mathematics in the entxemce
examination. It should means that independently of what the student
anewered in the questionnaire, it was found that gender differences in
mathematics attitudes and interest are sironger when they must take any
decigion with regpect to mathematics, These findings add to the existing
literatu..  h reports similar findings for older students, (Catsambis,
1998).

4.3.1.4. Self-rating of Mathematical Performance at
Secondary School

According to some researchers, (Meyer and Koelhor, 1990; Tartre and
Fennema, 1995), females have tended fo be less confident in their ability
to do mathematics than are males. Hence, it is reasonable o hypothesise
that confidence is an important variable to investigate. In this study,
members of both genders were asked how would they rate their previous
mathematics performence,

Table 4.22 describes the xesponses of all the BUSCEP students to the
question on gelf-rating of their pexformance at secondary school by gender.



Table 4.22: Pexcentage of 1996 BUSCEP students’ self-rating of
mathematical performance at Secondary School by gender

Males Temales Total
%) (%) %)
Paor g 6 2
Tair 62 67 63
.| Good a7 27 35

Here, the most remarkable difference on students self-rating of their
mathematical performance was at the higher estimation with 37% of
males and 27% of females seli-rating their performance in mathematics as
good. But, the Chi-squared test of dependence of the two variables self-
rating of mathematical performance and gender is statistically non-
significant, (7 = 5225, p=0073).

The students’ selfrating their previous mathematics performance was
compared to the Performance.Criteria of the secondary school
performance in mathematics, Eleven percent of the femalea compared to
26% of males, in the weak students’ group, rated themselves higher in
mathematics them their self reported mathematics grades from the
secondsary school. For both gender groups, the Chi-aquaredt . shows that
the students selfrating of performance was highly related to the
performence criferia of the school mathematics grades defined by the
vesearcher, (72 =18140;p=0001 for males; g2 =2063Cp<0001 for

females),
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However, when the analysis was done using the performance criteria of
the Final result the Chi-sguesred test displays a non-statistically
significant relationship, with 37 =4829;p=0305for males and,
22 =11651 p = 0,020 for females.

‘These results support other works with respect to ability ratings in science
and mathematics cowrses, DeBoer (1986), for exampls, reported that male
ptudents rated themselves higher than female students even in the
absence of superior course performance on the part of the males. Leder, -
(1993) also found that for grade 7 students, there was no gender difference
in mathematics achievement, but more males than females rafed
themselves above-average in mathematics ability compared with their
classmates.

43,15, Factors Influencing on Students’ Mathematical
Performance

The following sef; of statements was given to the students and then they
were asked fo check the option that indicates the factor that influenced
the most in their mathematical performance:

. Inclination fo work in mathematics

. Investment of effort

. Lack of inclination

. Influence played by the mathematics teachers
Availability of materials

Othey factor? — Which?

E‘JUOW:‘:'

]

—
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The students opimion about the possible factors that might have
influenced their previous mathematical performance, is displayed in
Table 4.23.

Table 4.23: Percentage of the 1986 BUSCEP students’ responses
related to the factors that influenced their previous maihematical

performance
Males Females Total
% % %
A 22 14 20
B 50 55 51
C 2 8 4
D 14 19 15
E 12 4 10

In anawering the question addressed , the majority of the students of both
genders {more than 50%), considered that the investment of effort was the
most important factor that confributed to their matheruatical
performance. However the remained factors were checked in & different
sequence by each gender. Although, it is important to note that despite
the freedom given to the students to write down other facfors which are
not covered by the statements presented in the gquestionnaire, none of
them used this chance, perhaps, because the statements proposed hy the
researcher were adequate and enough to characterise all the possible
factors that should influenced their previous mathematics performance.

Females consideved the influence played by their mathematics teacher as
the second most important factor ahead of the inclination to work in
mathematics, while males stressed the importance of inclination rather
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than the influence of the teachers. This result confirms that of Boekaerts,
Seegers and Vermeer {(1995), who found that males attributed their resuli
more frequently to capacity and to invested effort.

Only about 8% of females and 2% of males showed a stronger tendency to
ascribe failure to lack of inclination, (see Tavle 428). The difference
between males and females was also found for attributing success to
availability of materials for study. This resuilt confirms that referved in
Little’s study (1985).

The differences on selecon of the factors influencing mathematicsl
performance by gender were statistically non-significant at 1% level, as
displayed by the Chi-squared test (32 <8320, p = 0.081).

Despite the non-significant difference hetween the two gender groups, the
results found in this siudy were similar to the findings of some
researchers, such as, Seegers and Boekaerts (1996), who found that
females reporied that they were more prepared to invest more effort in the
mathamatics’ task than males, while a significant difference between
males and females was only found for atiributing success to capacity.

Folar (1995), on the other hend, reported that in Canada, females have
less confidence in their skills than males and, that females tend to
attribute success more to hard work than to abilities. Joffe and Foxman
(1986), ailso have reported that females are more uwnsmre of their
mathematical capability than males.

When the sample was examined by gender, the Chi-squiared test did not
show the relationship between the factors selected by the students as
having influenced their mathematics performance, and the performance
criteria of the secondary school grades and the Final result at the end of
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BUSCEP course. When the same comparison was done on the whole
sampie, hetween tne primary factor selected by the students and the
Performance-Criteria of their secondary school mathematics grades, it
was found that the relationship was statistically significant,
(xF =27282, p=1001).

There was also found that the factors selected by the students as have
influenced t'.eir mathematics performance and the students self-rating of
the previous mathematics pexformance were highly related for the whole
sample, (72 = 22711 p = 0004). '

4.3.2. Gender differences on Interest i1 Mathematics

Five questions related to studentis interest in mathematics were
addressed. The questions were related to: envclment in mathematics ag an
optional subject, the inclusion of mathematicc in the antrence
examination for every courses at university, reasons for enxolling in
wmathematics, specific mathematics topic to study and the kind of
mathematics tasks most preferred in mathematics tests,

4.3.2.1. Enrolment in mathematics

Table 4.24 shows no statistically significant differences between males
and females. The Chi-squared test confirms the no gender-bzsed
dependence of enxolment in mathematics (7 = 1194, p = 0275).
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Table 4.24: Percentage of the 1996 BUSCEP students’ responses about
their interest in studying mathematics

Males Females | Total
(%) 08 (%)
Interested 91 86 80
Not intevested 9 14 i0

When the comparison between males and females was done within the
sections, the study found that, in SCIENCE; there was & tendency m
showing a greater interest in studying mathematics by both genders,
about 93% of males and ali the females (100%) expressed their interest in
the subject. In BIOLOGY, this percentage decreased to 89% and 88% for
males and females respectively. However, Chi-squared test found that
these differencos based on gender were statistically non-significant:
7 =0.719; p = 0396.

4.3.2,2. Inclusion of mathematics in the entrance examination .

Among a set of four science subjects (mathematics, biology, chemistry and
physics), males and females were asked to select two of them as part of
the enirance examination. The foliowi.ng Table 4.25 displays the results of
this question taking into account the inclusion, (or not), of mathematios,
In spite of the higher interest shown by both genders in working with
mathemstics as a subject in a chosen career, only 11% of males and 20%
of femmales who showed no interest in this subject in the entrance
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examination. Hewever, the Chi-squared test shows that the observed
gender differences are statistically non-significant, (3 ~ 2.295; p = 0130).

Table 4.25: Percentage of the 1996 BUSCEP students’ responses abous
the inclusion of mathematics in the entrance examination

Males Females Total

o ) )

Maths included 89 80 87
Maths not included 11 20 13

Taken into account the section variable, the percentage of females
_ selecting mathematics for the entrance examination is higher (100%)
compared with that of males (90%) in SCIENCE, while in BIOLOGY, the
percentage of males who agreed with the inclusion of mathematics in the
entrance examination is at 86% against that of females (71%), however,
none of the differences is statistically significant, 77 = 1755, p=0185 for

SCIFNCE. end 3 =2.630; p = 0105 for BIOLOGY.

These resuits confirm that of Rodgers {1950), who claimed that, statistics
show that not only do girls drop out of mathematics in preater numbers
than boys when the choice of mathematics course becomes availahle, but
that only a very small percentage of all students, male or female, take the
subject at higher lovels,

Although, there were 145 males (83%) and 38 females (76%) who showed
an interest in studying mathematics and would agree with its inclusion as
a key subject in the enirance examination, only ten males and three
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females who ware not interested in studying mathematics agread with the
inclusion of mathematics in the entrance examination. {See Table 4.26).

Teisle 4.26: Frequency distribution of the 1996 BUSCEP students’
responses according to their interest in studying mathematics and its
inclugion in the entrance examination

Tnterested in studying maths
Males (N=175) Females (N=51)
Yes No Yes No
Maths included 145 10 38.
Maths not included 15 B 7

Fisher's Exact Test showed that there was o relationship ‘between the
interest in studying mathematics and its choice as entrance examination
gubject, for males p=0.017 or for femaies p=0.081.

On the other hand, an analysis of variance considering the effect of the
choice of mathematics as part of the entrance examination on the Final
result at the end of BUSCEP course, a statistically significant difference
favouring males was found, (F=17.276, df=1;222, p<0.001).

4.8.2.8. Reasons for interess in mathematics

More than 40% of all those students questioned stated that the reason for
their interest in mathematics was ralated to its importance in their future
career, and the same percentage of males and females (49%) linked their
interest to study mathematics to their enjoyment of the subject.
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In SCIENCE, the percentage of females (69%) choosing the reason for
their interest in studying mathematics as based in the factor that they
like mathematics, is greater than that of males (51%). In this section none
of the femgles and a few of the males (4%) stated that they dislike
mathematics. In BIOLOGY, 47% of femsles and 41% males mentioned
that they like mathematics. In contrast, 12.5% of females and 9.4% of
males said that they dislike mathematics, About 2% of males and females
referred to mathematics s useless for their actual courses envolled. The
Chi-sqmared test show that none of these differences were statistically
significant; y? = 1409, p = 0.704 for SCIENCE, and 7 =0318; p = 0957 for
BIOLOGY.

4.3.2.4. Interest in specific Mathematics Topic

The most enjoyable Mathematics Topic to study, according to the whole
group was Algebra, selected by 57% of the students, This was followed by
Trigonometry, selectzd by 30% and finally Geometry, selected by 13% of -
the students. Talking into account the gender variable, the results of this
study show that males and females have similar preferences, with
Algehra being more preferred among females (§9%) compared to 56% of
raales. For both gender groups, Trigonometry was the second preference
selected by 30% of males and 29% of females, while, Geometry was the
least favourite choice being selected by 14% of males and 12% of females,

The same sequence was found on the mean scores achieved by the
students on the topics taken in the Pre-test, (see section 4.2.3.4). These
findings, perhaps, can be expiained in terms of the amouwnt of time spent
on teaching each topic during the upper-secondary school, hence 64% of
the total time at upper-secondary school level was spent on Algebra, 11%
on Trigonometry and Euclidean Geometry in not part of the mathematics
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syllabus at this level. Analytical Georaetry which is introduced in the
place of Buclidean geometry represents 9% of the time spent on teaching
mathematics at this level; (see section 1.1.8). However, it did not take part
on the scope of this research hecause thig topic, in general, iv is never
taught during the secondary school, because of its location in the
mathematics curriculum which is reserved fo the end of the academie

year.

When b sample was sorted by sections, as shown in table 4.27, the
tendency of choice still have the same seguence as for the whole sample.
However, in SCIENCE the difforence were more evident in Algobra which
was most preferred among fencales than males. Although, the Chi-
squared test did not produce a statistical significant gender-based
influence on the topic preferred in mathematics in both sections;
2 =1539; p=0463 for SCIENCE, and 2] = 0.642; p= 0725 for BIOLOGY.

Table 4.27: Percentage of the 1996 BUSCEP students’ responses
in the selection of mathematics topics by section and gender

Males Females

_ (%) (%)

‘Algebra 54 — 69

SCIENCE | Geometry 18 6
Trigonometry 30 25

Algebra " 60 54

BIQLOGY | Geometry 9 14
Trigonometry a1 32

 Although, the results from other studies indicate that gender differences
are limited fo ecertain areas of mathematics (Hanna, 1986; and Hanna,
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1989), some researchers have found that there ave no statistically
significant differences among gender groups in mean percent coxrect for
Algebra, Arithmetic and Statistics, while such differences wexe observed
in Geometry and Measurement (Fennema and Carpenter, 1981; Cheung,
1989; Fennema, Potersom and Carpenter, 1990; Hanna, Kundiger and
Larouche, 1920; Fenmema and Jart, 1994). '

4.3.2.5. Interest in specific kind of tasks in mathematies tests

Males and females were asked to rank in order of preference the following
type of tasks, and the answers are displayed in Table 4.28:

. Algorithmic problems
Familiar problems
Demonstrations/Preofs
Raal-World problems

vewp

Table 4.28: Percentage of the 1996 BUSCEP studenis’
responses concerning to the preferred type of mathematics

tasks in tests by gender
Males Females Chi-square
N=175 N=51 df=1
+ - + -

67 33 | 68 3l | 0026 NS
55 45 | 63 37 | 1000 NS
39 61 | 28 72 | 2222N8
38 62 | 39 61 | 0014 NS

(4” for High preference, “* for Low preforence; NS = not significant)

g aowp
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As can be see, for both genders, algorithmic problems were the kind of
mathematies tasks highly pr-ferred in tesis, followed by familiar
problems. Problems based on demonstrations and proofs were more
preferred among males (39%) than among females (28%). Real-world
problems are extremely unpopular, being the least preferred task by both
genders,

The Chi-squared test that was computed found a statistically non-
pignificant gender difference between males and females, It ghovld be
related to the fact that both males and females had a similar enrolment in
mathematics during their secondary school. '

The responses to the questionnaire are some what contradictor to the
finding obtained in the analysis of the distribution of the sample by course
enralled when the key subjects in the entrance examination were
congidered. Although the lack of significant gender dilference on the
students interest to mathematics, the findings of th's study clearly show
that there is move evident that females are inclined to work in careers
that do not require so much mathematics (see sections 4.2 and 4.8.1),

4.3.8. Approaches to Learning Mathematics
4.3.3.1. Learning style of mathematies

On the approaches to learning mathematics, the 1996 BUSCEP students
were asked to rank in a sequential order of preference the following
methods of studying mathematics that they used during their secondary
school:
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. Reading notes from the clasa

Solving familiar problems/homework
Solving new problems/non-routine problems
Looking for Real-World problems

Other method? Which?

mEoaw

Table 4.29 shows the percentage of the distribution of the students’ -
responses to the related question. The results reveal that males and
fernales envolling in 1996 BUSCEP courees had the same sequential order -
of preference on the approaches to learning mathematics. In terms of low
preference, males and females still have the same attitude, with real
world-problams being the less preferred method of studying mathematics.
Even when the studenis were given & chance to write down another
methods if different to those suggested in the questionnaire, males and
females continue to have 2 similar behaviour in not suggesting or adding
a new other alternative.

Table 4.29: Percentage of the 1896 BUSCEP students’ responses
on the approaches to Learning Mathematics by gender

Malea Females Chi-square
N=176 | N=5l di=1
+ . +

49 61 | 57 48 0.942 NS
60 31 | 65 a5 | 0358 NS
6 34 [ 59 41 | 0962 NS
D 15 8 | 20 80 0.504 NS

(“+” for High preference; e for Low preﬁmnoe; NS =not significant)

Qw p
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From the Table 4.29, it is also evident, that studying mathematics by
solving familiar problems or doing homework exercises was the most
popular method used in previous studies of mathematies, followed by
solving new or non-routine problems. Of intevest however, is the fact that
the percentage of females (57%) choosing to study by reading notes from
the class is alightly higher than that of males (49%). Learning by solving
familiar problems is also another way of developing such kind of skills, on
memorisation of the procedures in. order to reproduce in tests. In fact, the
two approaches most chosen by both gender groups are quite related to
each, othex. |

The approa:ches which should reflect the infention to gain a relational
understanding of the theory and its applications to new situations was
chosen by both gender as the last nreference. It should reflect the kind of
mathematics lessons that are given. to the students during the secondary
education, that arve directed to the development of skills using exercises
mostly directed to the fixst two cognitive levels of the taxonomy of
educational objectives, knowledge and understanding, (see section 3.3.1).

The findings obtained here, can be related to the fomale advantage in the
Mini-Test performance making a direct link between. the most preferred
method of studying mathematics and the {ype of tests which in fact
females might perform highly, (see section 4.2.8). Researchers such as,
Bohlin, (1994), Mji and Glencross, (1996), also found that males and
fomales have different mathematics loarning styles (autonomous and rote
memorisation respectively), and femules perform better relative to males
on items that require the application of a familiar algerithm (e.g.,
classroom tests).
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Thus, according to Bohlin (1994), females also suffer the consequences of
traditional instruetion and assessment practices. Proficiency ... the rote
memorisation of algorithms may result in short-ierm suceess.

4.3.3.2. Frequency of studying mathematics
The following Table 4.30 displays the results obtained from the students’
responses to the questions related to their frequency of studying

mathematics during their secondary school.

Tahle 4,30: Percentage of the 1996 BUSCEP students’ responses
according to the ﬁ'equency of studying mathematica by gender

Males Femasles
%) )
Everyday 55 ' 65
| Weekly _ 27 29
Week before 10 2
Day before 8 4

Here, there is a majority of students claiming 20 have a systematic study,
ie., 656% of females and 65% of males study mathematies daily, and 28%
of females and 27% of males study weekly. The Chi-squared test shows
that the amall difference found in the frequancy of sindying mathematics
were not statistically significant, (7 =4.635 p = 0201), Although, it was
evident that the slightly higher females tendency to have a systematic
frequency of studying mathematics may have s influence in their
mathematics achievement when classroom teats, {iz: that case, Mini-tests),
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are taken as measures of mathematics performance, the only one
instrument used that females outperformed their counterparts males.
{See section 4.2.6). ’

According to Fennema (1979), it has alsc been argmned that if the
amount and qus'ity of time spent on learning mathematics can be
somchow equated for males and femsles, educationally sigpificant
gender-related differences in mathematics performance will disappear.

4.333. Cope with Learning Difficulties in Mathematics

The following statements were given to the students fo be ranked in order
with respect to their preferred resources used in coping with learning
difficulties in. mathematica:

A. Reading Textbooks

B. Studying with colleagues

C. Asking for help from the teachers

D. Asking for more explanations during the class
E. Other resource? Which?

Firstly, it is to be mentioned that despite the freedom given to the student
to indicate other resources used to cope with learning difficulties in
mathematics during the secondary school, (if different to those inciuded in
the questionnaire), none of the studentis added any new suggestion on the
statements presented by the researcher, perhaps becavge the ones
presented in the questionnaire were considered enough and adequate to
express their opinion with respect to that.
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Meanwhile, males and females differed in: the way they used to cope with
learning difficulties in mathematics. Studying mathematics with
colleagnes was very popular among males against the resource of asking
for more explunation during the rlass which was found to be the most
popular choice by the females, (see Table 4.31).

Table 4.31: Percentage of the 1896 BUSCEP students’ responses
concerning to the resources nsed to cope with learning
diffieulties in mathematics by gender

Mzles Femalos Chi-square

=175 N=51 dae=1

+ - |+
A | 66 34 | 57 48 | 1525 NS
B |7 28|65 45| 9716  p=0.002
c (22 |2 7| 130 NS
D |3 6515 41| 9481  p=0002

(“+" for High preference; ““ for Low preference; NS = not significant)

The Chi-squared test showed that there is a significant gender difference
in the method of coping with learning difficulties by studying with
colleagues, (g7 =9.716, p < 0.01), and asking for more explanation during
the class, (17 = 9431, p <001). These resuits can be related to the findings
from studies of various authors such as, Leder (1982), Leder (1987), Leder
(19802) and Becker (1990), who argued that, during lessons, females in
co-aducational achools are at a quantitative and qualitative disadvantage
regarding the aftention given to them by the feachers as well as ths
number and quality of questions asked.
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On the other hand, Becker (1981), Jungwirth (1991), ar 1 Kaiser-Messmer
(1998), also claimed that there are gender differences in patterns of
interaction between teachers and fomales or males, in which the pattern
of interaction practised for males is more likely to make them appear
more competent in mathematics.



Chapter 5
CONCLUSIONS AND RECOMMENDATIONS

5.1. GENERAL OUTCOMES

The purpose of this study was to explore possible gender differences in
mathematical performance and attitudes toward mathemsatics among
1996 BUSCEP students at UEM. To this end, two main questions were
addressed and from the results some conclugions are made.

The resulis of this study suggest that for the 1996 BUSCEP students,
gendér performance in mathematics and attitudes towards
mathematics tend to be similar, and the gender inequalities found,
were more evident in the participation in mathematics related careers
which was not the focus of this study. It should be because of the
characteristics of the sample used, which is a very selected one from
the secondary school level, enrclling mathematics in a similar
environment with similar purpeses for their career.
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The problem of females under-represeniation found in science and
engine: ring courses at UEM is an unfavoursble situation for educational
vesearch as the investigation of gender differences in attitudes and
performsance in most studies, in the field of mathematics at university
avel, suffers very different sample sizes,

The first result obtained in the study was related to the sample used,
consisting of 226 first year university students who passed the entrance
examination for Agronomy, Biology, Engineering and Science courses,
(Chemistry, Physics, and Geology), at Univexsidade Eduordo Mondlane
(UEM), and have been registered and enrolling the Basic Mathematics
couxse in BUSCEP program.

The percentage of fomales was less than that of malea in all the courses
except in Biology where, by contrast, the number of females stndents was
higher than that of their counterpart males, However, in spite of the
same mathematics coxriculum taught for Agronomy and Bioclogy students,
it is evident thut both courses are envolled by female and male students in
an opposite proportion, (see section 4.1). Perhaps the cause is the
influence of mathematics in the entrance examination in both courses,
because Biology is free of mathematics in the entrance examination while
Agronomy has mathematics as a key subject.

Most of the stu "2nts were from Maputo, at 62.3% for males and 84.8% for
females, in contrast to the percentage of all students from upcountry at
37.7% and 15.7% for males and females respectively.
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s Do females perform mathematically at a lower level than males
at Universidade Educerdo Mondlane?

The present study does not support the hypothesis of sighificant
gender differences in performance. However, there was a general trend
noted in BUSCEP males to perform slightly higher in terms of their
mathematical performance compared with females,

The comparison of the mean scores on school mathematics, pre-test,
entrance examioation, and the intermediate tests showed a constant
males advantage. However in classroom tests (Mini-test), a female
advantage was found, which means that females performed slightly
higher in systematic assessments. Despite the non-significant gender
difference in favour of the female students, it is evident thai females
tended to outperform males in such kind of tests that reflects a tlassroom
content. This finding can be related fo the differences in the approaches
used to learriag mathenatics by both gender, as also confirmed by
findinge of somme researchers, (Bohlin, 1994; Mji and Glencross, 1996),
who found that males and females have different mathematics Jearning
styles (autonomous and rote respectively), and females perform better
relative to males on items that reguire the application of a familiar
algorithm (o.g., lassroom tests),

This finding also argunes in favour of the results found in Kimball's
study (1989), that females are in disadvantageous position when
stendardised tests are given but not when deing tests that reflect
clagsroom content. But, Seegers and Bockaerts (1998), on. the other
side, have found that males cutperformed females on mathematics
tasks using a test that reflected classroom content.
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Thexe were also found a considerable but statistically non-significant
gendew . leqed differences in  Algebra (12.6%), which was strongly
emphasised in school, (@bout two thirds of the total time for mathematics
at secondary school is.spent on teaching Algebra). The differences were
smalior for Trigonometry and Crometry, 7.2% and 1.6% respectively.
Those differences are interrating as these topics receive respectively less
time at school, (see section 1.1.3.), However, the analysis of variance did
not show the mean differences to be statistically significant. The:.» results
ave similar to that of Swafford (1880), using a sample composed
equally by males and females in first year College Algebra.

Other studies indicate that gender differences are limited to certain areas
of mathematics (Hanna, 1986; Hanna, 1989). Some researchers have
found that there are non-significant differences among gender groups in
mean percent correct for Algebra, Avithmetic and Statistics, while such
differences were observed in Geometry and Measurement (Fennema and
Carpenter, 1981; Cheung, 1989; Hanna, Kundiger and Larouche, 1990;
Fennema, Peterson and Carpenter, 1990; Fennema and Hart, 1994).

On the faxonomy of educational objectives taken, in this research, as
measure of the cognitive variables, the achievement differences
between females and males decreased with the cognitive level, and the
differences in mean pexformance were in favour of males in gll levsls.
However, the difference was found to be statistically significant at 1%
level for Knowledge only.

This re-ult contradicts with the findings of other researchers such as,
Fennema and Carpenter (1981), Tartre (1990), Tarire and Fennema
(1995). They found that the achievement diffexences between females
and males increased with the cognitive level, and when the differences
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favour males, it is in the areas of Understanding and Application,
contrasting with the results of this study.

On one hand, this sitnation can be explained in terms of the
differences on the characteristics of the sample used for this study
compared to the other studies. On the other hand, the statistically
significant difference found for Kuowledge, in this study, can be
justified by the fact that most of the female students did not study
mathematics for about six months after the secondary school because
this subject was not evaluated in the entrance examination for their
courses (see Sectior 4.1). Thus, the time =~  between the end of the
secondary school and the start of the untversity studies could have
affected females more than males in terms of their capacity to
remember simplé rules which were required for the solution of the
exercises on this cognitive level of Knowleﬂge.

Other studies report that male superiority in mathematics is found
especially in performance on tasks of high rognitive complexity such as
true problem solving (Fennema and Peterson, 19885; Hall and Hoff, 1988;
Barnard and Cronjé, 1996). In the meanwhile, Fennema and Sherman
(1978), comparing mathematical tasks at several levels of cognitive
complexity, such as, Knowledge of concepts and problem solving found no
gender-related differences for their sample of grades 6-8 pupils. Leder,
(1990b) also found that, on average, females do not score as high as males
on mathematics tests, especially if those tests involve higher level
cogunitive tasks. If gender differences are found for young children, they
tend to favour females (Hyde, Fennema and Lamon, 1990; Armstrong,
1981} in knowledgs and skills (Fennema and Carpenter, 1981).
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CGender differences in mathematics performance were also chserved
when Performance-Criteria distribution were congidered, (see sections
3.3.1 and 4.2.). The differences in favour of one gender group at lower
Performance-Criterion could be cancelled out at other Performance-
Criterion, resulting in similar mean performance. Therefore, the
gender-based differences on achieving at specific Performance-
Criterion were found to be statisticglly significant at 1% level, as
confirmed by Chi-squared tests on Test-1, Test-2 and Final vesult.

In the present research the variance ratio of males to females are: 1.04;
0.82; 1.06; 0.99; and 0.95 for the Pre-test, Test-1, Test-2, Mini-test and
the Final result, respectively. Those values so close to 1 represent a
gmilar variability of the two gender groups with regard tc
mathematics performance in the Pre-Test, Test-1, Test-2, Mini-test and
* the Final Result. (See sections 2.1; 4.2.3; 4.2.4; 4.2.5; 4.2.6; 4.2.7).

On the jitem analysis, the mean values for difficulty index show that, in
general, females experienced more difficulties in the Pre-test items
than did males. The discrimination index, was higher for males than
for females, which means that those items discriminate better between
high and low performers, for males than for females, The differences
between males and females were small and statistically insignificant.
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¢ Do attitudes toward mathematics differ across gender on
BUSCEP studenis at Universidade Eduardo Mondlane?

With regard to attitudes toward mathematics, there were more
similarities found than differences between males and females.

For the 1996 BUSCEP students, the cheice of career at university was

 highly related to gender. The study found, very few differences

between penders, so that, & greater pexcentage of males and females

had the opinion that their caveer choice was influenced by their

mathematical perfoxmance. Thus, Fisher's Exact Test showed that

there was no relationship between the variables gender and the
influence of mathematical peszorniance on career choice.

For botk genders, the importance of mathematice scemed to he beyond
question. with a similar percentage of males and females
demonstrating a great believe in the importance of mathematics in
their careers. And among all 1996 BUSCEP’ students females and
males reported that they liked mathematics in a similar proportion,

In gpite of the females intorest in studying mathematics at university,
the choice of career indicated that they had a greater preference for
.courses requiring s lessor amount of mathematics. In contrast, males
who are interested in mathematics usually opt for the Engineering and
Science courses. It may be that females felt they had to work harder to
achieve their success, and that this perception threatened their
confidence in their science and mathematics ability, but differences in
 the ascribed efforts were not related fo ability ratings either.
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Although the lack of significant gender differences on the students
interest to mathematics, the findings of this study clearly show that there
is more evides ce that females are inclined to work in careers that do not
require 50 much mathematics (see sections 4.2 and 4.3.1). Overall, the
differences weze significant in terms of geader, as confirmed by the Chi-
scquared test. This means that, for the 1996 BUSCEP students, the choice
of career at university was highly influenced by ge-ider.

According to some authors, (Fennema and Sherman, 1977; Megarry, 1984;
Armstrong, 1985, Fennema, 1985; De Boer, 1984,1986; Leder, 1990b;
Maple and Stage, 1991, Dick and Rallis, 1991), this situation is evident as
soon as students have the opportunity to select their own courses that
fewer females choose to continue studying science subjects. On the other
hand, Catsambis, (1995), found that, by the eighth grads, females already
bepin to show less inferest in science courses than males, Overall, gender
differences in science related attitudes and interests are much stronger
than gender differences in science achievement.

With regard to the influence played by the students’ mathematics
pexformance on their caveer choice, the study found that a greater
percentage of males (75%) than females (67%) had the cpinion that their
career choice was influenced by their mathematical performance. Though,
astheexpectedce]lfrequencieswere too small to allow for a Chi-square
analysis, Fisher's Exact Test was used to measure the statistical
cignificance of the difference and the result showed that there was no
velationship between the variables gender and the opinion about the
influence of mathematical performance on career choice,
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Desnite the statistically non-significant gender difference found, with
respect to the influence of mathematics achievement on career cheice,
there was a remarkable difference between males and females on the
course they enrol at UEM (see section 4.1), hence, the proportion of
females was higher than that of males in Biology course only, which is
unique in that it does not include mathematics in the entrance
examination.

With respect to the reasons that contributed to their previous
mathematical performance, the majority of ihe students in both gender
groups (more than 50%), considered that the investment of effort was the
most important factor that contributed to their mathematical -
performance, However the remaining factors were ranked in a different
sequence by each gender. Females considered the influence played by
their mathematics teacher as the second most important factor ghead of
the inclination to work in mathematics, while males stressed the
importance of indlination rather than the influence of the teachers. Lack
of inclination was referred mostly by the females compared to the males.
The differences in selection of the factors influencing mathematical
performance by gender were found to be statistically non-significant at
the 1% level.

These results confirm that of Seegers and Boekaerts (1996), Bockaerts,
Seegers and Vermeer (1995}, who found that males attxibuted their xesult
more frequently o capacity than to invested effort. Solar (1995) reported
that in Canada, females have less confidence in their skills than males,
and, that females tend to attxibuie success more to hard work than to
abilities. Joffe and Foxman (1986), .."..; have reported that females are
more unsure of their mathematic: cipability than males. On the other
side, Maccoby and Jacklin (1974), found that males were more
independent then females.
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In this study it was found that males and. females also differed in the
way they used to cope with learning difficulties in mathematies at
secondary school. Stugying mathematics with colleagues was the
preferred option among males whilst the preferred method of females
dealing with problems was to ask for more explanations during the
class. This result should explain the need of the establishment of an
interactive environment in mathematics classes that could satisfy also
the females expectations in terms of their participation during
mathematics lessons. |

With respect to the approaches of learning mathematics, solving
familiar problems or doing homework exercises was the most popular
method used by most of the students in their previous studies. In terms
of the low preference, rales and femalés still have the same attitude,
with regard to real world-problems being the least preferred method of
learning mathematics. This was the least usual method of learning
mathematics at secondary school. For both pgenders, algorithmic
problems were found to be the kind of mathematics tasks highly
preferred in tests, followed by familiar problems. Real-wozld problems
were extremely unpopular, being the least preferred task by both
genders. '

5.2. CONCLUSIONS

The siudy was limited to a small university group. It would be heneficial
in the future to extend the data to include the secondary school students
as well as including a self-reported attitude measures of mathematical
achievement for students, pavents and school staff,
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The current study did not investigate the environmental factors that may
have exerted influence on students’ mathematics performsnce and
attitudes toward mathematics.

The findings from this study do not appear toc “bow relationships
between attitudes toward mathematics ond pexformance in
mathematics, unless the variables measured in this study were
inadequate indicators of attitudes toward mathematics G.e., How much
ability they felt they hed in mathematics as a subject. How hard they
worked in the school mathematics courses. How important they felt the
subject was. Which type of (uestions they like in mathematics tesks.
What influence was played by mathematics performance in their career
choice at university. How they sclf-rate their previous results in
mathematics. Which factors they felt that they influenced their
mathematics performance during the secondary education. How
interesting they felt the mathematics is; ete.).

The data presented in this study show that gender diffevences in
mathematics and related careers may he due to gender attitudes and

career choices and not o their performance in mathematics. Gender

attitudes toward mathematics and related careers develop
independently of their levels of performance. However, as stated by

Catsambis (1995), the females limited interest in enrolling in scientific

careers, may cause a decline in their science <uhievement when

enrelment in more advanced mathematics courses is aptional.

There can be many explanations for the variation of the present results
from the findings of the other researchers. Firsily, the nature of the
sample of this study is different from that of the majority of the
investigations referred before. In the other studies the parﬁ.cipants
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invariably have been primary and secondary school children. In this
investigation the majority of subjects are adults students with an
average age of 22 years for males and 21 years for females. Secondly,
some aspects of the mathematics tanght in BUSCEP courses are
comparable to the mathematics taught at secondary level in other
developed countries, at which stage gender-related differences in
mathematics performance and attitudes towards mathematics were
very small or not existent even thers.

Other explanation for the inconsistent gender-rvelated differences in
mathematics performance of different genders in the present study
was sought by considering their background factor, Some researchers,
such as Fennema (1981), helieve that if the background of both male
and female sindents ave controlled, the gender differences in
mathematics performance may decrease or disappear. This is possibly
the case at terfiary level in Mozambique because, these students are
adults, whilst in other studies the subjects are children or adolescents.
Further, the central control of education should yield an eguality ot
educational background. All the students in this curriculum have very
restricted curricula and interests, and may be homogeneous,

5.8. RECOMMENDATIONS

The findings obtained with the study emphasise the need to further
examine the interrelationships between gender and career choices in the
efforts to understand the processes leading to the gender inegualities in
mathernatical performance and in attitudes toward the subject.
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It has been hoped that differences in achievement between females and
males would disappear when there was egual enrolment in elective
courses, Hence as stated by Deboer (1986), the decline in science
participation. by females is already evident in high school as soon as
students have the opportunity to select their owm comrse. So, these
findings suggest, that attaining equal achievement in mathematics is a
complex problem that requires more than ensuring that females enrol in

mathematics courses,

The under-representation ¢ ohe of the proups can lead to distorted
results, This is an unfavourable situation for educational research ag the -
investigation of gender differences in atiitudes and performance in the
field of mathematics, so that, gender research in mathematics should
include samples comparably representative of both gender groups.

The aspect of female wnder-representation leads to the fHllowing
important question, and it must be answered by further studies which can
be conducted in the field of gendor differences in mathematics among
students of Mozambique:

Why do females participate in lesger number
than males in courses related to mathematics
at tertiary education in Mozambigque?

As suggested by some authors, (Fecles, 1986; Dick and Rallis, 1991), it is
impossible {0 consider this guestion without examining gender difforences
in mathematics performance and academic course selection. For example,
Young and Fraser (1994), said that in Australian schools the problem of
under-vepresentation of females in science is ofiten attributed to their poor
perfoxmance,
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Efforts to improve students’ mathematics pexformance and altitudes
toward mathematics should begin in the secondary school level and may
need to be s yecifically tailored to the gender of the student being taught.

Similar studies should be conducted with students in secondary school to
see if the same res.lis are obiained.

Educational programs should focus on improving femeles attitudes
toward mathematics and increasing their interest in related carveers.
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Appendix - Al: Pre-test

UNIVERSIDADE EDUARDO MONDLANE
BUSCEP

PRE-TEST
(Mathematics)

Suimame:
Name;
Course:
Group:

1. Simplify xy =3y + (¥

-2y
A, 1
5. xy_xzyz
xy
a 1- 2wy
* xiyﬁ

D. (xp-+xv)(xy-—xp)

2, An girline charges passengers 15000 MT (weticais) for each kilogram
carried in excess of 20 kgs, A certain p. »senger'’s lnggage weights L
kgs, (L > 20). How many meticais will be charged for the excess
waight?

15120
15(L-20)
151420
16(1+20)

T oW p



O 0 m W o o>

o nw >

145

. Onm the co-ordinates of a peint {x, y) in the shaded region one can say:

i,
2 or y<-l
%<2 and y>1 -z
x>2 and y<-1 -4 _? b ‘ '
=2 or y>-1 | .‘ ;
7
-+ -2
/ 7
- i
. Cau these shapes form a cube? 1, /
7
. Both X and Y can
. Xcan butY cannot
. Y ¢an but X cannot I
. Neither XnorYecan i
. X h
]

. 'The following picture is formed by five congruent sguares, Knowing
that BI=10 units, the total area will be;

¢ #
160
50/3 A M . I "
20 ' Pt
. a"‘
25 Lo
B 3 G &
&£ E
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6. In the following picture, AB and CD are parallels. Considering tha
given values in that picture, the value of y will be:

A 21 BNs
B. 26 < -
C. 13 12 y
ta
D. 18 '
A
\K‘-
7. Determine tka value of BD in the given figure ABCI,
A V4 B
B 8
3
C. W19 .
D. 153 A
s}
5
8. Which of the fouowing statements is true:

A. cos70" =2c0s35°

B. If45%< ¢ <99, then sina < cosa

C. Inthe First quadrant, the high the angle, the high is the respective sin
D. In the First quadrant, the high the angle, the high is the respective
08,

9, Knowing that o is an angle in the third quadrant and, sina =—%,
the angle 2a will be located in the following quadrant:

A. First
B. Second
C. Third
D, Fourth
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APPENDIX - A2: Intermediate Test-1

TESTE I - VARIANTE 2

1. Um corredor de motos dd voltas num circuite fechado de 4
km, A figura 1 mostra a relagic entre a wvelocidade e a
digtancia durante uma volta completa.

velocidad. {len/fh)

A

' . , dimtdacia Clnd
Y RN 2 ) Y

2, Na tlgura 2 estdo desenhados sinco circuitos diferentes.
gual & o circuite gue o moteciclista percorreun?




at
b.

&,
bl

Simplifique a seguinte exp.essio:
16 - x* X* - 8x + 16

S3%% + 16x  %° - 9x + 20

cp & pergendicular a AR.
A A= 45

4 B = 30"

AD = 10 cm.

Determine v perimetra do

tx. angule ABC.

D¢ .ermine a dres do tridn- A £

148

guio ABC, : a2

ABCD & um paralelogranc.
Atendendo aos dados na figura,

determine ¢ comprimento de DF. E
' A

7 /G

=

<

S
AN

[
& fungdo [ 2 definida pox:
E{x) = 3¢ + 2 para x £ 0
E{x} = ~u + 2 para 0 < x < 3
Eix) = -1 para X = 3

Esbone o grafico ue J.
Determine o concradominio de f.

Dada & fungde f Jefinids por

Flx) = -2%x* -~ 8% -~ &

Represente graficamente z Fungdo.

Com & ajuda do grafise, resolva a ineguagdo:

Resolve a sequinte equagds:

Vi-x -y1-x =0

£(x)

A
o
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APPENDIX - A3: Intermediat~ Test-2

ab
bl
cl

TESTE 2 ~ VARIANTE 1

c Do ponte €, os pontos A e B
sdo vistus sob um &ngulo de
:‘_Gu gu:‘. 76 * .,_

Em B, oz pontos A e C sdo

vistos sob um dngule de 37°,

" ' A distancia BC é lgual a 947

a & w. Determine a disténciz AB
o com & precisio ds 1 m,
Resolva a inequagdo trigonométrica: —A?E Ccos X s 0

Resolva graficamente a inequagdo logif{x + 4) k-a%x -2
3

Escreva a solugdo sob forma de intervale(s).

Na Baixaldndia, o valor da moeda, © floride, em relagdo ao
délar decresce continuamente. Em Janeiro de 1993, um
florido valia 0,20 ddlares. Passados 9 mezmes, valia apenas
0,10 délares. A fungico que descreve este valor em funcéo do
tempo € una fungdoc exponencial de base inferior a 1.

Qual sera o valor do florido passados 18 neses? 1 ano? 1
mée? (D& os resultados com trés cagas decinals)

. o &
Sabende gque a formas geral desta fungdo é f(&) a.b? ,

determine os valores de a e de b (Dé or resultados com trés
casas decimais).

Seda £ a fungdo definida por:

|2x -1[--2 )
- - =
f{x; 3 se X+
— = 1

I(z}_ 1
Estude a continuidade de £ no ponto de abcigssa x = 1/2,
‘Bstude a continuidade de £ na ponto de aboissa x = 3/2.
Esboce ¢ grdfico da fungéo £ no intervalo (-2 ; 4].




6., HNa figura astio esbogados os graficos

¥ e das suas derivadas.
representa £, gf, b e k*.

g, h e
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de quatro fimr.;ﬁas £,
Indique que grdfico

3 af J[-Y
\ by
i .
\ ~ ~,
% ._—\\ -5-%' \‘\'!1/ ~ ¥
\ —_ -
I o i A
% % % e,
.41 ~
o T N
i X %
| . !
H
i
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Appendix - B

UNIVERSIDADE EDUARDCG v ONDLANE

BUSCEP
QUESTIONARIO
(Questionnaire)
Apelido:(suruams)
Nome:(hame) .
Curso:(courss) Turma:(group)

Sexvi(pex) M____ T Idade: (age)

1. Indique as notas que obteve durante o emino pré-
universitirio nas disciplinas seguintes: (Write down your -
previous results in mathematics and science subjects at upper
gecondary school),

11*Classe 12*Classe

- Matematica (Mathematics)
Fisica (Physics)
Quimica (Chemistry
Biologia (Biology)

2, Como auto avalia os seus resultados anteriores na disciplina de

matemitica? (How do you self-rate your previous mathemathics
results?

A. Bons (Good)
B. Adequados (Fair)
D. Fraeos (Poor)
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O factor que determinon o rendimento na disciplina de
matematica foi: (The most important factor which influenced the
previous mathematica performance was:)

Inclinagiio para a Matemitica (Inclination)

Esforgo individual (Effort)

Falta de inclinagiio para a disciplina (Lack of
inclination) _

Influéncia dos professores (Teachers' influence)
Disponibilidade de material de estudo (Availability of
material for study)

Outro factor? (Other factor?), Qual? (Which?)

o HY oEp

A parte da matematica que mais gosta é:
(The most enjoyable topic in mathematies is:)

A, Geometria (Geometry)

B. Algebra (Algebra)

C. Trigonometria (Trigonometry)
D.Outra ‘Other)

Enumere por ordem de preferéncia os métodns de estudo
que mais frequentemente usou na disciplina de matematica:
(Rank in sequentisl order of preforence the following methods of
studying mathematics used at schools)

A, 3:11()10 os apontamentos da aula (Reading notes from the
8g

B. Resolvendoe os exercicics da aula e os ma1~ados como
TPC. (solving familiar problems)

C.  Resolvendo outros exercicios mais dificeis do que
aqueles que foram dados na aula.
(Solving new problems/non-routine problems)

D. Procurando resolver problemas concretos que
tenham aplicagio na vida. (Looking for real-world

problems)
E. Jutro método (Other methed)

Como se preparava para as avaliagBes a matemditice no
ensino pré-universitario? (How have you prepared for your
assessment in maths at school level?)

A, Estudande diariamente (Studying daily?

B. Estudando semanalmente {Studying weekly)

C. Estudando apenas na semana do teste (Only in the
week of test)

D. FEstudando apenas na véspera do teste (in the day
be e the test)
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Enumere por ordem de preferéncia os tipos de exercicios
gue mais gosta de encontrar nos tesies de matemética?
(Rank in order of preferenz the following type of mathematics
tasks which you preferred tli2 wmost in tests)

A Ex?)rlggzi)os de aplicagiio directa de formulas (algoritmic
problems _
Exercicios idéntices aos j4 resolvidos (Familiar
problems)

Demonstragoes (demostrantios/proofs)

Exercicios de aplicagio (applications'problems or real-
world problems)

oo w

Enumere por ordem de preferéncia os métodos que mais
frequentemente adoptou como recurso para SuUperar as suas
dificuldades de aprendizagem da matematica: (Rank in a
soquential order of preference the following methods uged as
resources for coping with learning difficulties).

Consultando mamuais (reading texthooks)

Estudando com colegas (studying with colleagues)
Pﬁm_;o ajula ao professor (Asking for help from the
teacher

Pedindo ezplicacdes durante a aula (asking for more
explanation during the class)

Qutro recurso (Other resource)

QwEp

B o

Indigque o curso superior preferido
{(Write down the course of your choice at university level)

Nz sua opinidio acha que o rendimento obtido a matemitica
teve infludncla na sua escolha de wvurso? (Did the previous
mathematics performance wfluence your career choice?)

A, Sim (y¢
B Nao (ne)

Como avalia a importincia da matemdtica no curso que

esid a seguir?

((:vl‘lrh_at ?c%o you think of the importance of mathematics in your carear
olce

A, Importante {important)
B. Desnecessaria (unimportant)



12,

- 18.

14

154

Se para ingressar em gualquer curso na UEM lhe dessem a

oportunidade de escolher as duas disciplinag para as guaiz

faria o0 exame de admissao, por quais optaria? (From the

given list of science subjects, elect two of them as what you could
“arred in the enr*rance examination)

A, Matematica (Mathematics)
B. Fisica (Physics)

C. Quimica (Chemistry)

D. Biologia (Biology)

Se a matematica fosse uma disciplina facultativa no plano
de estudes do feu curso, mnscrever-se-ia nela? (If maths was a
optional subject for your course, could you register in this subject?)

A, Sim (yos)
B. Nédo (no)

Dé a sua razfio para a resposta dada na pergunta anterior.
(Justify your answer on the above question number 13). .



Appendix-C: Table of Means, Standard deviations and range
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Report
Sa.
Fint | Entrnce | Schod
SECTION _GENDER ProTest | Testd | Test2 |WINITEST | Rosit | Evemination | Marks
L DD g 7] 18 | 10
Men | 60.6000 | 630673 | 496290 | 604060 | BTl | 673417 | B004Y
e alion | 186880 | 140132 | 165080 | 11.7881 | 120270 83807 | 10,0732
Minkwm w0 2a00| 200 28| 2500 4750 | s000
Modmm | o000 | eseo| eas | peso| e000 800 | o500
Femga N 8 1 18 18 18 16 16
Men | 484a75 | 680475 | 444571 | 642600 [ 584375 | 640897 | 603126
8.
B, o | 151073 | 130460 | 1esmes | e0t87 | a3ms | oaa0e | mein
Mmum | 2000 | 4480 | 2000 | sa0n| 4s00 4rs0 | 6000
Meimum | 77e0 | 8050 | eson| eso0| 7sm #s00 | eamg
TN 13 | 134 | 13 183 [ 104 186 | 1%
Memn | Goz2e74 | esgote | avcote | eoseas | sezsio |  saesee | 60.0735
U ion | 162464 | 188567 | troees | 114ies | 117220 | gatet | fo0ta2
Miriurn o 2800 200 28| 2500 4750 | 6000
Meduum | 9000 | 9580 | os2s| 8800 | enco 8200 | 8500
Agrame. Mae N 55 B4 B4 & 48 &
Men | s0etaz | 310278 | 480030 | 710481 | 541687 |  so.0833 | esneme
o ton | 177088 | 173078 | 148374 | 148073 | 133784 [ sse07 | 1106
Momum | f000 | eso| 00| same | 2000 aza0 | =0
Modmom | @500 | 8% | res|  seos | esom 00 | 5000
Femde N ag a5 35 35 35 g 35
Mo | 418420 | 41.2000 | 208071 | ee.8000 | 465714 |  Bae400 | 028y
BN, ion | 16:0985 | 182560 | 121441 | 158188 [ 132100 [ ee0ts | 11753
Mirfmum avi 760 | taen| 2280 | 2000 4750 | 6000
Madmum | 7750 | 7800 | eso0| eso0| vseo 8000 | 90.00
TN % 8 88 8 % 71 %0
Mo | 472500 | 47,1620 | 448420 | e0.4362 | 11708 | 550060 | G2.0000
o ton | 17,0303 | 182518 | 143616 | 183268 [ 137958 | sseve | 1167ee
Minimum oo | 80| 1400 2280 | 2000 4750 | 8000
Madmum | 8600 | 8400 | 77.25 sa.00 | 80.00 son | 0.00
Taa  Wae N A [ A2 W[ 1
Meen | soecoo | @3a48s | 4ot27e | eavem2 | s77a13 | ssesso | et.00c0
ad, 10.3280 | 172464 | 160308 | 137223 | 126020 | o.se0e | 100404
Mnmum 1 go| &00| 200| 2150 | 2000 4780 | 50.00
Meimom | g0 | gsso | eeas | ee0o | esoo 8300 | _95.00
Femas N 51 &1 5 5 51 3 51
Meen | 437745 | 40.8867 | 41,0898 | ©6A.0000 | En2B4t | 5apdT4 | G020
S on | 186860 | 20002 | 15010 | raswr | 13m0 | mease | 11900
Mirimum oo| 7| 18s0| 2260 | 2000 4750 | 60.00
Modmm | 7750 | easo | esoo| osen| 7e00 e300 | soo0
o N 226 | 23| 24 22| 23 207 | 228
Mean | 40,0557 | 602197 | 472858 | e43041 | siaBt | 563213 | €047
o ton | 187407 | 18.0063 | 1838z | 137811 | 37| 6580 | 07
Minimun 0| 600| 200 28| 200 4750 | 50.00
Medmus | 0000 | ess0 | gess | eeco| e0e0]  eaco! s
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Table of One-way ANOVA
ANOVA Table
Surn of Maan
: uares | _ df _Stquare E . Sig,

" Pre-Test ¥ Between (Gomblned) | 16836.79 1| 183878 | 5708 018
GENDER  Winin Groups 722042 204 | 322.340

Totel 74043.9 225
Testi+ Bowaen {Combined) | 738583 | 1| 730383 | 22.375 000
GENDER  Within Groups 727389 21 | 329.13

_ Total 80102.7 222 _ _

Tesiz®  Between (Combined) | 2554.34 17| 2554.34 | 10951 008
GENDER  Withn Groups sd7286 | 219 | 240.902

Total 572820 220
(WINITEST®  Between (Gombied) | 190 457 1| 190437 | 1,007 37
GENDER  within Groups 41509.3 220 | 189.088
N Totsl 41780.7 224 _
Final Rosll® _ Botwaan {Combmad) | 2181.67 1 [ 218160 | 13.904 500
GENDER  Within Groups 362403 221 | 183983

Tots! 38421, 229
Eiirance — Bethear {Combined) | 282,264 1 | 262,204 | 5.460 077
* GENDERn Within Groups 170146 206 82.908
n __Total 17278.9 208 -
SM‘:\':R thnui Hetwean {Comblaed) 18.677 1 19877 | 170 680
ceNper  "Vithin Groups 25870.8 224 | 116.494

Total 268903 | 295




ANOVA _
Sum of Mean
BECTION Squares df Square F Slg. |
Eng.& Scl.  Pre-Tast Betwean
Groups 60.055 1 80.055 78 673
Within .
Graups 44380.9 134 . 334,032
Totel 44941,0 135
Test.1 Between
Groups 2,013 1 9.013 047 829
Within
Groups 25628.2 132 | 193.395
~Total 256537.2 133 |
Teul2 Between
Groups 376,332 1| 376,332 1,301 266
Within
Groups 379058 131 | 289.35¢
Tolal - 38281.9 132 . .
MINITEST Between R
Groups 207.882 1 | 207.982 1.57% 208
Within
Groiips 16088.5 131 | 128.744
. Total 17204.4 132
Flnal Between
Result Groups 12.439 1 12,439 090 765
Within .
Growps | 182624 132 | 138.352
Total 18274.8 133 |
Agr& Blo, Pre-Test  Beiween
Groups 1800.66 1 | 1800.08 5,910 O17
Within ,
Groups 26812.5 86 | 304.687
Iu_tal 286134 B9
Test.1 Between
Groups 2051.08 1 | 2051.08 8.546 J0f2
Within
Groups 27284.3 87 | 313.383
Total 29816.4 88 . .
Teat.2 Betwaen ;
Groups 1532.28 1| 153228 8,005 006
Within
Groups 18462.1 86 | 11449
TRTTES Total 17984.3 87 )
MINITEST PBatwean ;
Groups 401.485 1 | 401485 1.723 183
Within
Groups 20267.9 87 | 232.565
_ Tolal 206604 88
Final Batween
Reault Groups 122505 1 | 122506 6,908 00
Within
Groups 154261 87 | 177.311
Total 168611 88 -

157
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Tables of Cne-way ANOVA of the cognitive levels by Gender

ANOVE®
Uni 2 Method
Sum of hean
Squeres df Square Slg.
RECALL  Waln Elecls GENDER 7750.2_76 -1 |#750.276 001
Modsl 7750.276 1 | 7752276 oo
Residual 185284 224 | 737.878
Total 173038 225 | 760.042 .
a. RECALL by GENDER
b, All effects entered simultansously
ANOVIeH
: Unigue Method
Sum of Mezn
Squares df Squane F Sl
UNDERST _ Wan Efects GENGER | BB5.585 1 )| 885,585 828 338
Model B85.685 -1 | 885585 B2R 338
Raskiual 213453 224 | 952,914
Total 2143348 225 952.8_15 |
8. UNDERST by GENDER
b. Al effects entered simultansously
ANOVALS o
Unlgue Methad
Sum of Wean
L Squares | df | Squars | F Sig, |
"APLICAT  #ain Efects. . GENDER | 147.480 1| 141469 82 | 670
Model 141,489 1| 141,468 82 870
Residual 173087 224 | 716972
Total 174138 225 | 773.948

8. APLICAT by GENDER
b, All effects entered simultansously
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Tables of Two-way RNOVA for the cognitive levels by Section
and Gender

ANOVR® *
Unigue Method
Som of Mean i
| Squsres of Bquare_ F Sig. |
"RECALL.  MAam Eilects (Gombined) | 771,899 2 | 3880.850 B.214 006
SECTION 11,103 1] 11108 015 503
GENDER | 8476.313 1 | 478,313 8,700 004
L]
2 ey Interantons B oy 9,569 1] osee| oi3| st
Model 7796,045 3 | 2508.682 3,481 097
Resldual 165238 227 | 744,317
Total 173035 225 | 780.042

&, RECALL by SECTION. GENDER
b. All effects entered simultanaously

ANOVAMH
Lnkjug Method
Sum of Maan
_ Squares gt Buuara F__l Sl
(TNBERST  Main Effects {Combined) |1470.796 2 | 735,398 RLE] 463
SECTION 586,480 | 1 | 586.480 817 " 493
QENDER 845.365 1| 848355 388 547
-2-Way [rtoractions ~ SECTION * -
GENDER  [2363.312 1 |2383.312 2.488 A8
Meodel 257,648 3 |1086.882 1142 493
Reskiual 211081 222 | d60.814
Total 214338 226 | 9626815 |
a, UNDERST by SECTION, GENDER
b. All sffects antered simultenanusly
ANOVAD
Uniue Mathod
Sum of Mean
Squares df Sejuara i Sly,
T Effects [Combmed) | 966,232 2 | 462616 619 540
SECTION 823,748 1| s23.748 1,058 405
_ GENDER 128 1 A28 060 890
#-Way Intaractions g‘;ﬁ;‘gg 212,043 1| 212.048 a2z | .03
Mode) 967.261 3] 322420 ) 413 T4
Residual 17317 222 | 780.050
“Tote! 174138 226 | 7ra.48

a. APLICAT by SECTION, GENDER
b, All effects enfered simuhanscusty
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Tables of ANCOVAS for Final Result by Section and Gender with cognitive
levels as covariate variables

ANOVAE
Unigue Mathod
Sum of Mean
_ Squarea | df | Square | F___j Sig.
Final Covarlates REGALL 12585810 1| 2595810 | 18.200 600 |
Resuk  tialn Effests {Comblned). 13595.409 2 (1787780 | 12.605 000
SECTION  |2407.814 1t |2407.894 | 18862 000
GENDER 206,010 1 | 208010 1437 232
2Way Intoractions SECTION * :
& oonDeR | 98.520 1] sz | 2704 088
Mol 7329.250 4 132315 | 12847 008
Resklual 310927 218 | 142827
Total 38421,9 222 | 173.072
8. Final Result by SECTION, GENDER with REGALL
b. Afl effects entered simultaneously
ANOVARD
Unique Methad
Sum of Mean
nares df Syuars F L
Tl COVanates URBERST | 110.388 T [ 116.288 g5 [ .380
Resu®  Main Effects {Combinex) §4484,030 2 (2247015 | 14801 000
SECTION | 240t.078 t | 2401078 | 15594 000
GENDER £95.945 1| 596945 3.870 050
L3
2-Way Interactions 2%%22 330,102 1] ss0d02 | 2144 A45
Hodel 4840.837 4 |1212.450 7473 .000
Resldusl 335721 218 | 154.000
Total | 384219 222 | {73.072
2. Final Result by SECTION, GENDER with UNDERST
b. All effacts entered shukanasausly
ANOVEE
Unique Method
Sum of Mesan
- Squares df Square F__ Sg.
| Froal Covanales APLUGAT | 22z8.969 1 | 22258980 | 1544G 000
Resut  pMaln Effects (Combined) | 4182.013 2 {2091,007 | 14.480 000
SECTION | 2fa8.248 1 | 2136248 | 14803 000
GENDER 516.220 1{ s1g.220 4270 040
-
2-Way Intsractions g‘éﬁﬂgg 317,330 1| stvaso | 218 140
Model 8962,438 4 [1740600 | 12082 | .o00
Resldusl 81450.5 218 | 144310
Total 38421.9 222 | 173.072

2 Final Result by SECTION, GENDER with APLICAT
b, All affacts entered simultanaousty
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