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DIFFERENTIALS IN MATHEMATICS EDUCATION: IMPLICATIONS FOR RESEARCH ON GIRLS LEARNING MATHEMATICS IN BOTSWANA. Alakanani Alex Nkhwalume Department of Mathematics & Science Education, University of Botswana <�  HYPERLINK "mailto:nkhwalumeaa@mopipi.ub.bw" � � nkhwalumeaa(at)mopipi.ub.bw� > Abstract This paper outlines the author’s purpose for reviewing literature on gender differences in mathematics education. An overview of research findings on gender and mathematics from industrial societies (USA, Australia, and UK) and from some developing countries in Southern Africa (South Africa, Mozambique, and Botswana) is then presented. Some causal factors for the existence of gender differences in mathematics achievement are critiqued and the link between mathematics and social entities (democracy and power) are challenged. The implications of the above for research on girls learning mathematics in Botswana (and Africa) are finally suggested. Introduction Literature review should not be considered as merely part 
of the requirements in scholarly enterprises, but as a critical undertaking in which the investigator exercises a constant scepticism on an issue of interest. In this paper, literature review is used as a process to critique the conscious and unconscious assumptions of scholarly research on gender differentials in mathematics education. It serves as a qualitative analysis to determine how these assumptions force the definition of problems and findings of such scholarly research efforts. The paper examines literature on research studies which have dealt with gender differentials in mathematics classroom dynamics. The disenfranchisement of girls in mathematics learning discourses and girls ’ motivational orientations in mathematics are important issues for the human development efforts in Botswana. The paper draws upon literature from Western countries, specifically the USA, the UK and Australia where research on gender differences in mathematics has been considerable and influential. The socio-political, cultural and socioeconomic contexts in these countries, however, differ from those of Southern Africa 
in many aspects of development (education, technology, economic, etc.), but there are possibilities to draw parallels, albeit in a limited way. Through considering parallels and differences between Western industrial cultures and Africa, the paper examines issues pertinent to African girls affecting their education. The literature analysis is against the backdrop of problems such as HIV/AIDS and unplanned pregnancies faced by girls within African communities. Botswana (like most of Africa) is grappling with the HIV/AIDS pandemic; high levels of unemployment and poverty (BIDPA, 2000). The African Economic Commission (1999:5) states that: Data from Botswana, Burundi, Central African Republic, Uganda, Zambia and Zimbabwe indicate that girls 15 to 19 years old have an (HIV/AIDS) infection rate four to ten times that of boys in the same group. This is the age group within which research on gender and mathematics has tended to focus. According to Okojie (2001), the Botswana study, commissioned by the African Academy of Sciences Research Programme, indicated the rate of 
teenage pregnancy being higher than that of most other African countries. HIV/AIDS, unplanned pregnancies and lack of interest in mathematics are amongst real problems that girls in the developing world face which must be taken on board when embarking on a sociological research analysis involving gender differences. Notwithstanding these developments, the question of how to motivate students in the classroom is a leading concern for teachers of all disciplines. Student motivation becomes especially relevant to mathematics education in the light of recurring questions about how to get more students interested and involved in the subject. As we proceed in the new millennium, Botswana is plagued with significant high -school dropout rates and declining interest in mathematics among secondary school students. Educators and policy makers need to understand the educational techniques that may ‘suffocate students’ interest in learning’ (Boggiano and Pittman, 1992), then work to rekindle that interest. This paper is concerned with the use of mathematics as a ‘filter’ for further education and 
career choices. This affects girls more as they tend to shy away from the study of higher level mathematics, science and engineering as reflected in the University of Botswana yearly intake (Fact Books 2002; 2003; 2004/5; 2005/6). The literature analysis proceeds from an articulation of girls’ reported achievement tendencies within mathematics learning discourses in the developed world and explores the situation in Africa, particularly Southern Africa, with a special focus on Botswana. Gender differences in mathematics education The developed world’s perspective on gender and mathematics Contemporary research studies reflect scholars’ maturing view of the complexity of causation of differences between males and females in mathematics education. As Fennema (2000) rightly points out, from around 1970, ‘sex differences’ index was used to imply that any differences found were biologically, and thus, genetically determined, immutable and not changeable. During the 70’s and 80’s ‘sex-related differences’ criterion was often used to indicate that while the behaviour of concern was clearly 
related to the sex of the subjects, it was not necessarily genetically determined. Latey, ‘gender differences’ refers to social or environmental causation of differences that are observed between the sexes. This paper critically reviews work by leading researchers in the era of this new understanding of gender differences. According to Leder (1996) there were probably more research studies published on gender and mathematics than any other area between 1970 and 1990. Fennema (1993, 2000) concluded that while many studies had been poorly analysed and/or included sexist interpretations, there was evidence to support the existence of differences between girls’ and boys’ learning of mathematics, particularly in activities that required complex reasoning; that the differences increased at about the onset of adolescence and were recognised by many leading mathematics educators. Salmon (1998) concurred with the notion that gender differences increase at secondary school level, particularly in situations that require complex reasoning. In the absence of an African position disputing such views, it 
suffices to assume that similar differences might occur in the Southern African contexts. Studies by Fennema and Sherman (1977, 1978) documented sex-related differences in achievement and participation, and found gender differences in the election of advanced level mathematics courses. They hypothesised that if females participated in advanced mathematics classes at the same rate that males did, gender differences would disappear. Stanley and Benbow (1980) used interpretations of some of their studies as a refutation of this ‘differential course-taking hypothesis’. They argued that gender differences in mathematics were genetic, a claim which was widely attacked and disproved, but whose publication had unfortunate repercussions (Jacobs and Eccles, 1985). Fennema and Sherman (1977, 1978) identified as critical, beliefs about the usefulness of, and confidence in learning mathematics, with males providing evidence that they were more confident about learning mathematics and believed that mathematics was, and would be, more useful to them than did females. There was evidence that 
while young men did not strongly stereotype mathematics as a male domain, they did believe much more strongly than did young women that mathematics was more appropriate for males than for females. The importance of these variables (confidence, usefulness and male stereotyping), their long-term influence, and their differential impact on females and males was re-confirmed by many other studies (Hyde et al., 1990; Tartre and Fennema, 1991; Leder, 1992). Earlier, Maccoby and Jacklin (1974) had reported differences between females and males in spatial skills, particularly spatial visualization or the ability to visualize movements of geometric figures in one’s mind. The Fennema-Sherman studies and the Fennema and Tartre (1985) longitudinal study investigated spatial skills or spatial visualisation. They found that while spatial visualisation was positively correlated with mathematics achievement (that does not indicate causation), not all girls were handicapped by inadequate spatial skills, except those who scored very low on spatial tasks. Fennema (1993) suggested that an appropriate 
curriculum redesign could compensate for these weak skills. Other studies (Kerns and Berenbaum, 1991; Voyer, Voyer and Bryden, 1995) reported boys outperforming girls on tests of visual/spatial abilities: the ability, that is, to draw inferences about or to otherwise mentally manipulate pictorial information. The male advantage in spatial abilities was reportedly not large, but detectable by middle childhood and persisted across the life span. Casey, Nuttall and Pezaris (1997) concluded that sex differences in visual/spatial abilities and the problem-solving strategies they support contribute to sex differences in arithmetic reasoning. Although they were not particularly innovative nor offered insights that others were not suggesting, the Fennema-Sherman studies had a major impact since they were published when the concern with gender and mathematics was growing internationally. They were identified by Walberg & Haertel (1992) and others as among the most often quoted social science and educational research studies during the 80’s and 90’s. The problems of gender and mathematics were 
defined and documented in terms of the study of advanced mathematics courses, the learning of mathematics, and selected related variables that appeared relevant both to students’ selection of courses and learning of mathematics. The Fennema-Sherman Mathematics Attitude Scales have been widely used as guidelines for planning interventions and research studies. Campbell (1986) found that girls' lack of confidence in themselves as mathematics learners, their perception of mathematics as difficult, and their view that mathematics is a male activity, all had impact on girls' attitudes, achievement, and participation in advanced courses. In a longitudinal study of sixth, eighth, tenth, and twelfth grades, Tartre and Fennema (1991) found that, for girls, viewing mathematics as a male domain was correlated to mathematics achievement. Girls in single -sex schools or in out-of-school mathematics projects - who did not see mathematics as an exclusively male domain tended to have higher mathematics success. When this dynamic was changed to make mathematics accessible to both girls and boys, girls’ 
interest and involvement were found to rise. Reyes and Stanic (1988) and Secada (1992) have argued that socioeconomic status and ethnicity interact with gender to influence mathematics learning. Forgasz and Leder (1998) share the view that gender differentials in participation rates are associated with the interaction of positive attitudes and beliefs about mathematics and socioeconomic status. The transferability of these findings, based on Western cultural concepts, poses a problem for African contexts. Socioeconomic status indicators in Botswana for instance, somewhat differ from the UK model and need be appropriately contextualised. The question of ethnicity also becomes problematic in the Botswana context since about 85% of the population is of Tswana ethnic origin. Moreover, ethnic differences have never been of significance and might not necessarily affect gender differences in mathematics in the same way as in Western contexts. Trends of gender differences in mathematics from the United Kingdom The gender gap in performance throughout the subjects in the United Kingdom 
has been shifting in favour of girls since the early 1990s. In national curriculum tests and at higher level GCSE grades, girls outperform boys. For example, in 1997, 49% of girls achieved five or more higher grade GCSEs compared with 40% boys (DfEE, 1997). However, at the lower levels of GCSE attainment, the gender gap is smaller in percentage point terms. In 1997, 8.8% of boys and 6.5% of girls failed to gain GCSE qualifications (DfEE, 1997). These figures show some of the paradoxes in gender and attainment. Males gain most of the higher education top awards but the trend is for girls in general to do better in public examinations than boys – differences which are apparent in the earlier years of schooling. Consequently, current concerns about schooling are now more related to boys’ underachievement (as demonstrated in public examinations) than to that of girls. The question is whether such outcomes at school and higher education reflect approaches to assessment, methods of teaching, and/or expectations of society. The OfSTED (2003) report found that boys progress more than 
girls in mathematics throughout schools. Research indicated that in mathematics the gap between boys and girls attaining level 4 and above at the end of Key Stage 2 was only one percentage point, with boys at 73% and girls at 72%; however, 32% of boys achieved level 5 and above whilst only 26% girls did (OfSTED, 2003:13). According to OfSTED (2003:14) although the differences are smaller than those in English, it is a continuous trend and it is therefore still vital to understand why girls perform better in certain subjects such as literacy and underachieve in comparison to boys in mathematics. One key reason may be the perception girls have of this subject area. The 1998 OfSTED Report on ‘Recent Research on Gender and Education Performance’ stated that “science, mathematics, technology, ICT and PE are rated as ‘masculine’ by pupils and preferred by boys” (Arnot et al., 1998:31). Girls rated English, humanities, music, PSE and RE as feminine and preferred by girls. However, Archer and Macrae (1991) are cited in the same OfSTED report suggesting that mathematics has 
become more gender neutral perhaps reflected in the smaller gap between genders than that of literacy. The reason the gap has become smaller may be because girls are more prepared to tackle ‘masculine’ subjects. Public concern about the underperformance of boys has risen since the early 1990s as girls outstripped their male classmates academically. Although the proportion getting five C’s or better increased from 38% in 1996 to 46% in 2003, the gender gap remained steady at 10 percentage points in favour of girls. Both boys and girls in deprived areas got much lower grades than their more advantaged peers. But while girls in poor areas were improving faster than those in affluent areas, the gap between rich and poor boys remained constant. Dr. Deborah Wilson, Bristol University expert on the gender gap in schools, argued that the differences are likely to be a result of factors outside school: “The effect of poverty on exam results is greater than the effect of gender. If we focus more on the reasons for poverty affecting performance we might get better results for both boys and 
girls” (TES, 13 August 2004). According to Mendick (2002), in England, the evolving gendered patterns of attainment in mathematics need to be juxtaposed with the unchanging gendered patterns of participation in the subject. There are very few remaining differences between the attainment of male and female students in either GCSE, AS, or A-level mathematics examinations (taken at ages 16+, 17+ and 18 respectively) (Gorard et al., 2001; Guardian, 2002a, 2002b). Although boys are still more likely to secure the top A* and A grades at GCSE and A-level respectively, the differences are small and getting smaller. In contrast to these shifting patterns of attainment, the decision to continue with advanced mathematics remains highly gendered in favour of boys. This polarization persists despite decades of feminist intervention; as Shaw (1995:107) argues: “the most striking feature of subject choice is that the freer it is, the more gendered it is.” In fact, from 1994 to 2002, the proportion of the total number of 17 and 18 year-olds entered for A-level mathematics in England who are male showed 
little change, dropping only slightly from 65% to 63% (Government Statistical Service, 1995 to 2002; Guardian, 2002b). This greater participation of males in mathematics courses becomes more pronounced as you go up the levels from A-level, to undergraduate, and then to postgraduate, and is reflected in the larger number of men than women working in mathematically-oriented fields. Mendick (2002:1) argued: The gender gap in maths performance in this country, while still marginally in favour of boys, is continuing to narrow (Smithers, 2000; Gorard et al., 2001). However, the gender gap in participation in maths remains in spite of more than two decades of feminist initiatives for change. Moreover, maths becomes increasingly male dominated as we progress from sixth-form (ages 16 to 19) to undergraduate levels, and from undergraduate to postgraduate levels (Boaler, 2000)... girls continue to disproportionately opt out of maths, a powerful area of the curriculum that provides a ‘critical filter’ (Sells, 1980) to high status areas of academia and employment. The above suggests that although 
girls are doing better than boys overall across the subject areas in the UK, they still fall behind when choosing mathematics at higher levels of the education system. Mendick also portrays mathematics as a powerful subject, a signifier of intelligence that acts as a ‘critical filter’ controlling entry to higher status areas of academia and employment. Thus, for those concerned with social justice, it is pertinent to ask how it is that people come to choose mathematics and in what ways this process is gendered, which is the point of concern for this paper. According to Bevan (2005), the findings from the review of existing research included evidence that girls outperform boys in mathematics up to the beginning of A-level, but that the differences are small, and are not consistent across all components of the subject; attitudes to mathematics vary according to gender; there are significant differences in the expectations of boys and girls regarding their own performance in mathematics; boys and girls differ in their typical learning styles; and that ability grouping impacts differently on boys and girls. Bevan’s (2005) 
interviews revealed that teachers with very limited exposure to formal research were able to articulate judgments about gender differences in learning mathematics based solely on classroom experience; and that their intuitive judgments were often broadly correct, but tended to exaggerate the extent of any real differences. Presently there is no comparative research concerning Botswana teachers’ judgments on gender differences in the learning of mathematics. Sparkes (1999) pointed out that the gender gap in the UK was related to a variety of social issues including: parents’ educational attainment, growing up dependent on an income support recipient/eligible for free school meals, housing tenure and conditions, family structure (such as lone parent family), parental interest, involvement, practice, etc. These trends are different from the situation in Botswana and any comparisons need a contextual analysis of the situation. Perspectives from Africa with specific reference to Southern Africa Gender differences in mathematics education in developing countries are one critical area of research that needs 
further exploration. There is limited information about the status of contextual research on women and girls in those settings in relationship to their mathematical education. As Kitetu (2004:6-7) acknowledges from an African view: Unfortunately, while a lot of gender programmes have been carried out, not much research has been done within the classroom in the continent. Our understanding of gender in classroom practices is most often based on what has been studied in Western Europe and North America. I would like to argue that there is always a cultural angle in studies of social practices. Fortunately, there are emerging research efforts in the area of mathematics as the African continent begins to face up to the realities of gender differences in classroom practices. The persistent patriarchal attitudes in Africa tended to prevent researchers from problematising the gender issue. Investigating gender differences and Black South African learners ’ attitudes towards mathematics, Mahlomaholo and Sematle (2004:4-5) reported that: The differences between boys and girls were very clear at all levels 
of analysis… For example they (girls) said it was because of parental pressure/choice or because their friends were studying the discipline, or because their teachers instructed them to study mathematics. Others even went to the extent of citing chance or fate as responsible for them taking mathematics as an area of study… They were apologetic and not taking responsibility on themselves… They even expressed their embarrassment at not being good at mathematics, they also expressed the fear for their teachers whom they compared to lions… they tended to agree that mathematics is for all and not for a particular gender. For the girls in Mahlomaholo and Sematle (2004:6-7), mathematics was “too difficult” and …they were fed up with the subject and… cannot be expected to continue with a subject that they were failing so dismally… did not even have an interest in the subject as it demanded too much work and time to study while the boys saw much value in the discipline…There is no reason at all why some human beings do not have appropriate views regarding the study of mathematics, it is 
only because the views of a culture and a milieu that undermines women speak through them and have manifested themselves firmly in their minds. In their study of three successful women in mathematics related careers, Mahlomaholo and Mathamela (2004:3) reported the prevalence of a conventional patriarchal approach in the South African society. They argued that: It tends to privilege male interests and their privileged positions at the expense of women through the belief that the status quo where male dominate is natural and given … Schools tend to operate in line with this approach. To underscore how the three women persevered in mathematics within the hostile cultural attitudes, Mahlomaholo and Mathamela (2004:7) argued that: …socialisation and upbringing, including home and family background, as well as parental support, were identified as factors that enabled the three women to go beyond the limitations of their situations. Mahlomaholo and Mathamela were convinced that beyond contextual and social factors the women had strong conceptions of themselves. They had self-belief in 
their abilities and a love for mathematics, which could not be dampened either by teachers’ negative remarks or the social structure’s negative stereotypes. The study identified social contextual factors and intra-psychic motivational factors as responsible for enabling female learners of mathematics to either excel or fail at the subject. Cassy (2004:5-6) reported from Mozambique that: “Although the main aim of the education policy of the country is to promote, among others, gender equity in access to all education levels, there are more females than males, who do not benefit from this. This gender discrepancy increases over the education levels, being more at the tertiary level and particularly in mathematics and its related fields.” Cassy found significant differences between the patterns of attitudes towards mathematics expressed by boys and girls in which boys rated their attitudes more positively than girls did. Boys were more confident in working in mathematics than girls, and girls were more convinced that mathematics was a male domain than boys. Furthermore, girls were reported to believe 
much more than boys that mathematics is more appropriate for males than for females. Both girls and boys were found to agree that mathematics was useful. These findings are not different from what has been reported in Western research studies. Perhaps this was to be expected since the study used the Fennema-Sherman Mathematics Attitude Scale with its robust Western cultural questioning style. Cassy (2004:6) acknowledges that: “the majority of girls did not like the connotation of the items.” This calls for a more contextualised itemisation of the scales adopted from Western research contexts. Chacko (2004) presented another study from a Southern African perspective on the problems of students in learning mathematics and the approaches used in teaching mathematics in South Africa. Chacko reported no differences between girls and boys in terms of liking the subject. Chacko (2004:4) wrote: … they do like mathematics and would like to do well in it but for them it is a very difficult subject. This interest in doing mathematics came out more prominently in township schools where they 
considered it important for future jobs. The South African students’ belief that mathematics is difficult was found among secondary school students in Zimbabwe (Chacko, 2000). Chacko (2004:4-5) further argues that students were encouraged to do well in mathematics because “their goals in life are something that is urging them to like mathematics which according to Hannula (2002) is ‘the value of mathematics – related goals in the student’s global goal structure.’” It seems, from Chacko’s arguments that the liking of mathematics was not intrinsic to the students, but driven by the urge to do well in the subject because of the need and importance it presented for their future trajectories. According to Chacko (2004:8), girls in township schools seemed to spend more of out of school time on household chores, which could affect their studies. The same could be said about Botswana girls as Chacko (2004:5-6) further argued: … chores took most of their time while school work was at the end when they were already tired to concentrate. This is more a developing country problem where chores in 
the house are kept for girls, which could affect the time they spent on learning and their vision for the future. … Some of the girls in the township schools said that when they do not find time to complete homework, due to the reprimand from teachers, they would rather miss school. Once they miss school, it becomes difficult to catch up, which eventually lead to failure and drop out. Some of these problems are unique to the African contexts, and cannot be ignored when embarking on research on gender and mathematics. Chacko (2004:8) reported that the majority of students wanted mathematics to be made fun and to be related to life where they can see its use. “Girls in particular would like to see the content related to situations in life where these could be applied.” Some reported being shy and afraid to tell teachers that they did not understand, to avoid being ridiculed in public (by fellow classmates or teachers). Some of these issues are distinctive features of gender differences in African contexts which distinguish them from those of Western industrial societies. From the researcher’s 
experiences of teaching in secondary schools in Botswana and Nottingham (UK), there seems to be common ground with Chacko’s arguments. Over the years there have been efforts to address the gender disparities in education in Africa, with a particular concern on the enrolment of girls, which for years has been very low. As Kitetu (2004) put it: The imbalance in boys’ and girls’ participation in schooling was linked to the age-long belief in male superiority and female subordination. This situation was further explained as aggravated by patriarchal practices, which gave girls no traditional rights to succession… encouraged preference to be given to the education of a boy rather than of a girl. These small-scale investigations are recent efforts towards a better understanding of gender differentials in mathematics from an African perspective. Some experiences from Botswana on gender and mathematics Botswana, unlike the USA, the UK, Australia and other advanced countries where gender and mathematics literature is widely reported, is not a highly heterogeneous society. This is not to claim its 
homogeneity, but that the layers, divisions and cultures are fewer and hence, the pattern of female differences in mathematics varies across fewer layers. That means variables such as socioeconomic status and ethnicity need to be viewed differently by evaluating the prevailing social structures. Efforts to study gender differences in Botswana mathematics classroom dynamics have barely begun. The tendency, as it has been the case all over Africa, was to encourage girls ’ access to education against traditional attitudes that hindered their participation. Although this is still a problem in many African countries, Botswana seems to have overcome this hurdle as Kitetu (2004:3) reports: In some countries of the south (Botswana, Lesotho, Namibia and Mauritius), female enrolment levels actually exceeded that of males at both primary and secondary levels. Although the equality achieved in enrolments for learners of both sexes in these countries is course for celebration, the classroom situation tells a different story, particularly in the study of mathematics and the natural sciences. There are small numbers of 
girls who continue with mathematics beyond secondary education, yet mathematics continues to define the course qualifications in many areas of further studies. Perhaps the fairly balanced numbers of girls and boys at University over the years (about 50% respectively), have masked any gender disparities. A study by Kaino (2003) confronted the problem of gender differentials in mathematics in Botswana Junior Secondary schools by identifying three themes forming the major areas of concern for investigation. These are “students’ interest in learning mathematics, feelings in mathematics class and interactions in a mathematics class” (Kaino, 2003:3-5). Kaino alluded to the idea that studies done in Botswana “indicated that cultural expectations of society could give rise to differences in performance between girls and boys in school subjects” and that “such expectations could influence occupational choices between the two sexes” (Kaino, 2003:2). Kaino (2003:3) found no significant differences in interest for mathematics between girls and boys. Those who indicated low interest in mathematics cited 
its difficulty as the main reason. Still others felt that they “needed more help in mathematics learning and others did not consider mathematics to be in their future careers.” Kaino (2003:4) reports that boys felt “more comfortable in mathematics classes” while girls were more worried. The discomfort in mathematics classes was attributed to being “afraid of mathematics teachers” and being “shy in class.” This resonates with the likening of teachers to lions by the girls in Mahlomaholo and Sematle (2004:5), and Chacko’s (2004) similar findings on fear of teachers and shyness in class. Kaino (2003:5) indicted that respondents had no problems interacting in mathematics classes with classmates of the opposite sex. However: … about a quarter of the students of both sexes… said they had some problems when studying with students of opposite sexes. … More girls than boys laugh at the opposite sex when one fails to answer the question correctly in class. The girls accused the boys of resorting to intimacy, harassment and intimidation in class. The boys complained of lack of concentration as they 
admired girls and kept looking at their faces. Kaino (2003) argues that the study was not conclusive and required further analysis. However, it gives a glimpse of gender differentials in mathematics education in Botswana. That more girls were afraid of teachers and more worried during lessons is cause for concern. The use of corporal punishment by teachers during mathematics classes (Kaino, 2003:6) is another hurdle. The students’ shyness and their tendency to laugh at each other’s incorrect responses add more complexity. Such factors are not widely reported in Western cultural research studies, which makes the need to contextualise research on gender and mathematics in Africa more apparent. Are gender differences due to classroom interaction with teachers? Some have argued that teachers have theories and belief systems that influence their perceptions, plans and actions in the classroom (Fennema, 1990) which affect and shape classroom dynamics. Since behaviour is guided by a personally held system of beliefs, values and principles (Peterson and Barger, 1985), there are signs that 
teachers’ sex-related beliefs about children might influence their (teachers’) classroom behaviour (Good and Findley, 1985). This suggests that teachers’ beliefs or expectations might directly influence their classroom behaviour and thus need to continually question how their belief systems affect learners. Many studies have documented the relative easiness of identifying differential teacher interactions with girls and boys (Leder and Fennema, 1990). In particular, teachers interact more with boys, praise and scold boys more, and call on boys more than girls (Taole, Zonneveld & Nkhwalume, 1993). However, the impact of this differential treatment is unclear and difficult to ascertain. There was no evidence that all differential teacher treatment of boys and girls is very closely related to gender differences in mathematics (Leder, 1982; Eccles & Blumenfeld, 1985; Koehler, 1990). However, Fennema and Peterson (1986) found that small differences in teacher behaviour combined with the organisation of instruction, made up a pattern of classroom organisation that appeared to favour males. For 
instance, competitive activities encouraged boys’ learning and had a negative influence on girls’ learning, while the opposite was true of cooperative learning. Since competitive activities were much more prevalent than cooperative activities, it appeared that classrooms were more often favourable to boys’ than to girls’ learning. Fennema and Peterson (1985) proposed the Autonomous Learning Behaviours model, which suggested that because of societal influences (of which teachers and classrooms were the main components) and personal belief systems (lowered confidence, attributional style, belief in usefulness), females did not participate in learning activities that enabled them to become independent learners of mathematics. This model still appears valid in the context of Botswana, although some may argue that independence in mathematical thinking may be learned through working in cooperation with others to solve mathematical problems. Identifying behaviours in classrooms that influence gender differences in learning and patterns has been difficult. Factors that many believed to be self -
evident have not been shown to be particularly important, and there is no reason to believe that there is sufficient evidence to conclude that teachers interacting more or differently with girls than with boys is a major contributor to the development of gender differences in mathematics. For instance in America, many intervention programmes were designed to help teachers recognise how they treat boys and girls differently. Unfortunately, such programmes do not appear to have been successful in eliminating gender differences in mathematics (Fennema, 2000). Differential teacher treatment of boys and girls in Botswana (Taole, Zonneveld and Nkhwalume, 1993) is merely one piece of the complexity of the causes of gender differences in mathematics. Do females learn mathematics differently to males? A series of meta -analyses of extant work on gender differences was reported in the USA, Australia, and Canada (Hyde, Fennema, and Lamon, 1990; Hyde, Fennema, Ryan, and Frost, 1990). There were indications that while gender differences in mathematics achievement might have decreased, they 
still existed in tasks that required functioning at high cognitive levels. It also seemed that when tests measured problem solving at the most complex cognitive level, the more apt there were to be gender differences in mathematics in favour of males. The international assessment reported by Hanna (1989) showed results that basically confirmed this assertion. From a Western perspective, scholars documented that differential mathematics achievement and participation of females and males existed; some related educational and psychological variables were identified; explanatory models were then proposed; interventions, based on the identified variables, were designed to alleviate the documented differences. In the USA, for instance, intervention programmes such as Math EUREKA, the Douglas Science Institute (DSI), Operation SMART (Science, Mathematics and Relevant Technology), EQUALS, GESA (Gender Ethnic Expectations/Student Achievement) and SEED (Seeking Educational Equity and Diversity) were designed to lure girls into mathematics, science and engineering careers. As the 
research on gender differentials in mathematics gained momentum in Western societies, some began to investigate this phenomenon from the cognitive science perspective. Fennema et al. (1998) embarked on a three-year longitudinal study of teachers and their students. As Fennema (2000:9) reported, they concluded that: Major gender differences in performance usually don’t appear until sometime in adolescence when they are more often exhibited in complex mathematics tasks, particularly on tests of problem solving. The gender differences that were reported in this study strongly suggest that more girls than boys were following a pattern of mathematical development and learning that was not based on understanding. And the lack of understanding becomes more critical as students progress through school. While it is possible to learn to do arithmetic procedures in the early grades without understanding, it becomes more and more difficult to learn advanced ideas unless a foundation of understanding is present from the very beginning. Some believed that something was taking place in the 
classrooms that encouraged these gender differences to emerge. Hyde and Juffee (1998) suggested that in classrooms where teachers have the freedom to make instructional decisions, their stereotypical beliefs about gender and mathematics could lead them to interact differently with boys and girls, and that in turn would lead to the differences found. However, from Botswana perspective, where similar teachers’ classroom biases were reported (Taole, Zonneveld and Nkhwalume, 1993), this was regardless of the teachers’ beliefs, hence this raises more questions than answers. Another hypothesis pointed to children’s choice of strategies to report. Fennema (2000:11) suggests that “Perhaps girls chose to use strategies that could make their ideas clear partly because their teachers and peers wanted to understand each child’s thinking.” According to Hyde and Juffee (1998), girls, more than boys, are more socially aware of others’ needs and/or more compliant. Fennema (2000:11) further wrote: It is clear that cognitive science methodologies are providing tools for us to gain deeper understanding 
of the complexity of gender differences. We are just beginning to understand differences in mental activities between girls and boys and to assess their impact on learning. We also know that teachers’ thoughts about girls and boys influence their instructional decisions. Understanding teachers’ beliefs and knowledge about girls and boys will provide important information as we plan interventions to achieve equity. In the wake of these arguments, questions arise as to whether females learn mathematics differently than do males. This raises further questions of whether special programmes should be developed for females. One way to approach the problem of a gendered mathematics is not to look at the subject, but to examine the way that people think and learn within the subject. Belenky et al. ’s (1986) study which identified women’s ways of thinking and knowing is one such approach. Female-friendly instruction has been branded one way of helping girls learn mathematics better. According to Fennema (2000:12): Others have interpreted discussions arising from the belief about a female world-
view and applied the ideas to describing female-friendly instruction. Such instruction usually includes such things as the greater inclusion of cooperation rather than of competition in classrooms, small group rather than individual work, more communication, and/or more socially relevant mathematics. Others have argued for single-sex schools oriented to the mathematics instruction of females. Running through these suggestions, it seems to me, is a basic belief that females learn differently and perform differently in mathematics than do males. This belief is dramatically different than the belief of a universal way of human thinking espoused by the cognitive scientists. Fennema’s arguments are important for this paper since she questions the methodology applied to studies on gender differences in mathematics. The voices of those targeted for investigations are an important part of a sociological enquiry that this analysis advocates. It is, therefore, imperative to present research findings through the voices of the informants. This calls for researchers in African contexts to understand and critique claims about 
female learners in the developed world from the African girls’ personal experiences in learning mathematics. Boaler (2002:43) suggested that “students’ knowledge development … was constituted by the pedagogical practices which they engaged.” This was an advocation for an intricate relationship between knowledge and practices from a comparison between the traditional ‘demonstration and student practice’ approach to teaching and teacher designed ‘open-ended projects.’ In Boaler’s studies, the open-ended projects and discussion-oriented mathematics classrooms tended to make students perform better and identify themselves with the subject. On the contrary, many of those learning through traditional methods “talked about their dislike of mathematics, and their plans to leave the subject as soon as they were able…” Boaler (2002:46). Earlier, the Cutler-Landsman (1991) study on Lego TC reported that when the learning structure was changed to truly integrate girls and boys into team projects and to provide girls with an opportunity to select projects, girls began to express 
considerable interest because they had the opportunity to share the boys' expertise in legos. The change in classroom structure to place girls in positions of relative power and importance as spokespersons enabled girls to both familiarise themselves with computer language and to develop the skills and confidence to explain the project and reflect on the problem solving strategies their group employed. Fennema (1995) and Hanna (1996) reported a growing body of scientific literature exploring gender and mathematics learning based on research on students in high schools and universities. This research demonstrates that content, context and ways of instruction have gender implications: girls/women prefer problems with a people/nature content, women do better in internal/project -oriented assessment than in traditional timed examinations, and benefit from a teaching style stressing collaboration and open-ended problems. Earlier, Hopper (1987) suggested open-ended projects, supportive and co-operative classroom environments as beneficial to girls’ learning. Philippou and Christou (1998) argued 
that to change the existing beliefs and attitudes about mathematics and its learning involves engaging students in personal exploratory activities, experimentation and reflection resulting in modified images as part of personal knowledge, a new perspective of teaching and learning that would lead to change in classroom practice. This adds more complexity to the efforts in search of remedies for the gender disparities in mathematics education. These are innovative suggestions, perhaps well suited and possible in developed countries, but their implications for the developing world are problematic. Their applicability requires a careful study of the existing cultural and social structural differences between developed and developing countries such as Botswana. Literature, however, seem to suggest that indeed girls learn mathematics differently to their male counterparts. This rather adds to the complexity of the debate on gender differentials in mathematics education. Linking numeracy, democracy and power: The implied role of mathematics in the socio -political scene Some authors continue to identify 
mathematics as a dominantly male science. Ernest (1995) described the widespread public image of mathematics as ‘difficult, cold, abstract, theoretical, ultra-rational, remote and inaccessible’. He noted the similarity to Gilligan’s (1982) ‘separated stereotyped male values’. Teaching mathematics consistent with Gilligan’s connected, female values should be based on, and valorise, relationships, connections, empathy, caring, feelings, intuition and tend to be holistic and human centred in its concerns. At the same time knowledge of mathematics is claimed to be an important feature of democratic competence and also as a means of empowerment (Benn, 1997; Niss, 1994; Skovsmose, 1998). Gal (1998) and Lindenskov and Wedege (2001) have in the same vein linked numeracy with democracy and empowerment. These are important observations with far-reaching consequences for education and research, but might have unintended gender implications. For instance, if empowerment and democracy are linked to numeracy, this might in turn be taken to imply that innumeracy (or lack of 
mathematics) causes lack of power and lack of democratic competence. Hence with the wide spread public belief that women are less numerate compared to men, women are by implication misrecognised as having less democratic competence and an objective reason is given for their being less powerful in society. According to Henningsen (2002:3): … although numeracy does contribute to democratic competence, there are no studies that have established a positive correlation between level of numeracy/mathematics competence and democratic competence. We have no proof that other activities or competencies do not contribute the same or more to democratic competence. Speaking about numeracy and democracy together, we have to acknowledge different and possibly gendered ways we develop as democratic citizens, not privileging any one particular way. The same holds true for numeracy and empowerment. Gender seems to act as a useful reminder about the ever-present inhomogeneities in society, a perspective that enables differences to be foregrounded and reinterpreted. Barnes 
(1988:58) argued that “social power is the capacity for action (embedded) in a society, and … is possessed by those with discretion in the direction of social action”. Taking knowledge to be accepted generally held belief, routinely implicated in social action and consonant with Pierre Bourdieu’s (1991) notion of cultural capital, Barnes asserts that the distribution of knowledge in the society defines the distribution of power. In similar vein, Klein (2000a) considers numeracy not as a thing to be possessed, but as a capacity for action. All these arguments indicate that knowledge of mathematics has been elevated to great heights in the recent past, and has even entered the political spectrum, due to technological development and/or advancement. Have we so far found solutions for gender differences in mathematics education? In the wake of sustained Western research in this area, it is reasonable to assume that some common solution to gender differences in mathematics has been found. Fennema (2000:13) argues that there are complexities in dealing with gender and mathematics issues: That 
females participate in mathematics-related careers less than do males is one of the few accepted facts. That differences exist in the learning of mathematics seems clear also, although many scholars believe either that the differences are diminishing or that any differences that exist are unimportant. Forgasz, Leder, & Vale (1999) suggested that females appear to hold more negative values about mathematics and their own relationship with mathematics than do males but there is some evidence that these differences are decreasing. However, Fennema (2000:15) further conceded: I think I became an educational researcher because I believed that I would discover TRUTH. That has not happened and I believe that if truth can be found from educational research, it is not in the area of gender and mathematics. But, research has deepened our knowledge about gender and mathematics and the many, many studies about gender have provided some insight into the inequalities that have existed and that has led to heightened awareness of things that need to be changed. This suggests that we are not there yet 
and that research into gender and mathematics will continue. Western studies have provided some guiding principles from which researchers in Africa can proceed. The differing social structures with their differing cultures and traditions must form part of the points of departure between Western and African contextual research studies. It cannot be assumed that what is known from Western research on gender and mathematics fits into African contexts unproblematically. There are different social fields in operation due to differences in economic, political and educational developments. Africa has been struggling over the years to bring the enrolments of girls at par with those of boys. This deficit in enrolment was necessitated by the importance that patriarchal hegemonies placed on the boy -child. This hurdle has been overcome in many countries and hence the recent efforts to explore the gender differences in mathematics in the continent.. What lessons can we learn for further research on African girls in mathematics? There are some differences worth noting between themes on gender and 
mathematics from Western contexts and those emerging from African research efforts. The question of gender differences diminishing or becoming unimportant in the West (Fennema, 2000) does not give comfort to researchers in African contexts where such research is just emerging. In contrast, Mahlomaholo and Sematle (2004:6) reported from South Africa that “the differences between boys and girls were clear at all levels of analysis.” Western Studies advocate for new perspectives of teaching and learning that would lead to change in classroom practice. The difficulty for African efforts is lack of the political will to change attitudes. Also, lack of resources might mean that even if differences are identified, changes might take long to materialise. Teaching mathematics consistent with the connected female values (Gilligan, 1982) in African contexts requires a separation of such values from those imposed on girls through the patriarchal system usually misrecognised as female values. Concepts such as usefulness and confidence in learning mathematics; spatial skills/visualisation; and viewing 
mathematics as a male domain need further investigation from an African perspective. The influence of a prevalent conventional patriarchal approach (Mahlomaholo and Mathamela, 2004) which privileges male interests need investigation for a fair comparison with trends from Western studies. From the vast Western research on gender differences in mathematics and the emerging research efforts from Africa, there is evidence of different economic, cultural and political social fields in operation which play a role in contextual research studies. For instance, the dispositions reflected in girls’ ‘shyness’ and ‘laughing at each other’ in class might be acquired in the African social structure as part of their habituses related to their upbringing. These concepts might be experienced differently in Western cultures where children are usually raised in ways that encourage them to become independent and to act somewhat like equals to their parents (Shaffer, 2000). It may be that the categories of Western research methodology may not prove to be effective in these settings, and that still other viewpoints are 
needed that would further enrich work in this area. Given the differing contexts in which women in different countries experience mathematics, do all countries share similar issues and concerns regarding women’s mathematics education? This is most likely the case and hence the need to contextualise investigations on gender differences in Africa. In many countries represented in the study of gender and mathematics, there seems to exist a need to understand how to impact policy, research, and classroom practice in the long run, rather than at a superficial level. Girls being ‘afraid of teachers’ and anxious about the intimidation and harassment from the boys, are some of the complex issues to consider when embarking on gender related studies in Africa. The use of corporal punishment as it happens in Botswana is a problem that girls complain about, and studies of this nature have to problematise it. In the UK, corporal punishment is an offence punishable by law. The way learners are treated in the different contexts (Western versus African) means African based research has to consider those 
differences. This calls for ways of using information from Western research studies with some caution. The adoption of ‘standard’ methods of data collection without considering the different contexts under which the scales or methods were established may lead to improper applications and distorted results. It is, therefore, important to use what is known as the basis for clarifying the methodology for research in African contexts. By advocating the representation of the voices of the informants, this paper is partly responding to the literature on gender differences in mathematics as analysed. Since teachers ’ thoughts from their beliefs and knowledge about girls and boys influence their instructional decisions (Fennema, 2000), an understanding of these concepts from an African perspective is necessary for African research. The differing socioeconomic status and ethnic compositions are important points of contrast between Western and African contexts whose consideration is paramount to social research. Conclusive summary The thrust of the analysis of literature on gender and mathematics was on 
the implications for girls learning mathematics in Botswana. The literature from Western Europe, the USA and Australia indicates a decline in the gap between boys’ and girls’ achievements in mathematics. However, it also indicates that boys progress more than girls in mathematics throughout schools (particularly in the UK). Girls have been found to fall behind when choosing mathematics at higher levels of the education system. The literature also indicates that no isolated causal factors have been found for the gender differences in mathematics education, which points to the complexities of factors involved. In Southern Africa, like in most of Africa, research on gender and mathematics is a recent phenomenon. This is partly because, until recently, African societies did not view gender as an issue of concern due to their patriarchal social structures. Research studies carried out in the Southern African region so far suggest the prevalence of gender differences in favour of the male learner. From Botswana, Kaino ’s (2003) study on the subject was not conclusive and required further analysis. The 
recent Botswana national examination results, however, show girls outperforming boys at primary and junior secondary levels, but being outperformed at senior secondary and in further education (ERTD, Ministry of Education, 2005). This calls for further research to find out why girls are not progressing as well as boys in further mathematics education. The link between mathematics and democracy also needs further investigation as women continue to struggle for equality with men in politics and within the socioeconomic spectrum. This is in the backdrop of claims of links between numeracy, democracy and empowerment (Benn, 1997; Niss, 1994; Skovsmose, 1998, Gal, 1998, Lindenskov and Wedege, 2001). Girls ’ lack of progress in further mathematics may be misconstrued as leading to lack of numeracy, which may imply their misrecognition as having less democratic competence and therefore, being less powerful in society. Any research on gender differences in mathematics education in Botswana or elsewhere in Africa needs to be contextualised in order to capture the realities of the 
African social structure. “Our understanding of gender in classroom practices is most often based on what has been studied in Western Europe and North America. I would like to argue that there is always a cultural angle in studies of social practices” Kitetu (2004:6-7). Applying Western cultural research scales on African studies without thorough contextual analyses of such scales may produce misleading results. All that the literature points to, are continued efforts to find ways of making mathematics female-learner friendly. For Botswana, this would go a long way to meet one of the needs of Goal 5 of the Dakar Final Framework on the attainment of Education for All (EFA): “… achieving gender equality in education by 2015, with a focus on ensuring girls’ full and equal access to and achievement in basic education of good quality” (The World Education Forum, Dakar, Senegal: April 2000). BIBLIOGRAPHY Africa Economic Commission (AEC) (1999). Traditional and Cultural Practices Harmful to the Girl Child: A Cross-Sectional Review. The United Nations. Arnot, M., Gray, J., James, 
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