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Abstract: :
Even within the developed countries, where equity in Education was rcached an extended time ago,
the rates of enrolment of women in mathematics courses are relatively low. The gender problem and
arithmetic education have been studied since 1970 and a few factors of that representativencss arc
identified. especially within the developed countries. But this arca of rescarch remains unexplored
within the developing countries. In India, specifically, little research has been done so far on Gender
and arithmetic cducation despite the millennium goals recommending equity in education and
y therefore the encouragement of Indian females to settle on mathematics studies and to embrace
' a scientific and technological carcers. Nevertheless, the vole of girls within the scientific development
of India has been definitively recognized as an important and determining to think about building
and reinforcing the continent’s scientific and technological capacities, because no country can afford
to go away 30 you look after its population, out of its developed process. Tt is evident that Education
generally in India was, and is until now, seriously suffering from poverty, but concerning the
education of women, history, religion, and culture were, and that they remain, important influencing
factors. These socio-cultural barriers are more pronounced once they come to scientific, technical,
and vocational training and, are, unfortunately, tragic once they concern mathematics education.

Introduction:
The traditional gender gap in educational outcomes advantaging boys has been filled up in most
industrialized countries and has now reversed in favour of women. Girls tend to try to do better than
boys in reading test scores, in grades at college, within the propensity to settle on academic
educational programs in upper middle school, in tertiary education attendance, and graduation rates.
The massive scale international tests like the Trends in International Mathematics and Science Study
(TIMSS 2003, 2007, 2011) and programs of international student assessment (PISA 2003, 2006,
2009, 2012) have inspired studies comparing knowledge over time and across states and countries.
'i This body of labour throws light on arguments over environmental or biological causes ot gender
differences. In parallel, the statistical technique of meta-analysis has been used (largely within the
United States) to tug together the results of similarly-constructed small-scale quantitative research
inquirics. These help to determine overall patterns of significance and cffeet size, so that we will see
what differences are stable over different contexts. In England. longitudinal or large-scale data has
been wont to track individual pupils’ trajectories in mathematics up to A-level, in projects like the
DfE-funded Targeted Initiatives in Science and Mathematics Education (TISME) or Nutticld’s
ongoing projcct Re-thinking the worth of A level Mathematics Participation (that has not yet
reported).
These studies give information about how choices and attitudes change in individuals over time. This
review also reports findings from rescarch projects that arc onc-off or smaller in scale but closcly
~associated with the Indian mathematics education context.
Literature Review:
The presence of a considerable females” disadvantage in math is ol particular importance, becausce
Cit's likely to be an explanation for the critically low share of girls choosing STEM (Science
Tcchnology Engineering and Mathematics) disciplines at university, of geflder segregation within the
Jabour market, and gender pay gaps (European Commission 20006, 201 5
Science, 2007).
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girls among good performers and worsc at rock bottom of the distribution: by ‘tl?]ltﬂcgl,iilz advantage
gap, still larger at the highest, appears throughout the distribution. Moreover, pnd«
among high performers is largest among families with high parental cducfltlonr. s s
ground in math over (ime i every family structure, cthnos, and IC\:L]/S,',](crnutionﬂ' data. on
distribution (Fryer and Levitt, 2010). These findings arc confirmed by PIS
children aged 15 (OECD, 2015). ]
]"“_P(?Lt;l\ll\cg of Gender-Based Evaluation: , S st every research paper
This is not an issye that will be determined by research evidence, ybt.dlmoi institutional inj
addresses it. All the papers reviewed show a priority for social. economic, m;\(/I Ins apers also argue
that result from women’s unequal participation in advanced nmlhcnmﬂcg an}]/ pe}o s ilation ith
that their nation’s economic advantage relics on increasing the proportion of [_]e polssible source
mathematical skills. From this attitude, girls who don't r‘ollow'v STEM cours?s are a pos:
for recruiting more mathematicians, and hence their parlicipallqn deserves Scmn(rrll)’-the £ se ad viags
a Differential take-up in mathematical and scientific careers is \Vldespl_'ead, a“h}_mc" PISA 2006 had a
differences appear in education varies. By the age of 15, 51 out of 54 commjcs lm i i
statistically significant difference within the proportion of boys ‘imd girls dp ?H 'Dthtlt SGAT
engineering or computing, all towards boys. the newest school data for Engl.zm S 1ows] ‘ i].]”ltiOn
the females within the 2012-13 A-level cohort entered for the mathematics A—]CV.C cxaming : 't
compared to 37.4% of boys, nearly twice as many (although there are more girls W]t’hl'l?‘[hT ?-O,]O-IC
therefore the ratio within mathematics lesson is closer to 1:1.5‘). For Further l\/’.‘alhenmtlczz) t ltfl‘; ZU_~
nearly 3 times as many boys, with 2.4% of the women cntcr_cd‘ 1‘0[1 A-l'cvcl, c-omparcd to 7. /0 0. O),/:{
(DfE, 2014). In contrast, within us, boys’ and girls’ participation in optional coalculus Loulsesi
highschool has been equal for over ten years (College Board, 2013) and nearly 48% ofmatlu?m‘atm::
major college degrees are awarded to women (Ceei& Williams, 2010b). These equal rates wnhmv.t 1C
US don't (yet) persist into the later study, dropping to 29% of PhDs. However, t_hey pf‘OVl(le us a sign
that representation at 16-18 has been challenged in cultures that are on the bnnl:( o.f our own. Thus
comparative research, social justice, and cconomic impceratives combine convincingly tq suggest
those girls® choices about mathematics and science should be a policy focus. there's also a big gc'-:n.dcr
bias — but in favour of women - in participation in subjects like language or careers like medicine.
but this is often not seen to posscss the limiting implications for boys that biased mathematics
participation has for women.
’) There is a counter-argument or caveal discussed within the more thoughttul papers, which is that the
quantity of research attention paid to gender differences far outweighs the importance of the
findings. There’s a historical legacy of interest in gender. which guarantees an audience. Perhaps
more importantly, it's a simplc variable for rescarchers to figure with. Collecting data on gender has
no obvious problems of reliability or validity across time or social or national contexts. It not seen as
intrusive and yet seems relevant (o individuals® performance. For instance. recent scie
getting to understand participation in mathematics and physics found th
unwilling to ask pupils survey questions that indicated class but h
(Mujtaba & Reiss, 2013), Together, the audience interest
during which data is routinely analyzed by gender without
reporting whenever the male and feminine populations are different. This approach keeps attention
on gender when there are much larger differences in mathematics perform
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. srred due to the vandomy matwre of the sample taken from girls and bays pupu‘htu’rbﬂj
with an equivalent mean scores. I research involving thousands of scholars fsuch as PISA, T IMSS.
and UPMAD) even small differences are statistically significant: we will be very contident kh‘sz
there's a really small difference within the averages. Effect size is reported  research so that "“i“:“::;
van shai 1o gauge the implications of that difference by comparing it to the vanability within th -
then to other findings. the foremost common measure, Cohen’s d. uses the &!{ttcicnc‘c ‘f:t‘ l,]:ltnd
divided by a typical deviation to supply a standardized difference. Eftect Si/a."s of 0.2 m-k-q:-' ‘:lt‘ girl's'.
small: present but hardly visible, like the typical height ditference between !)«1}1}\!‘[!‘(‘(;_‘:’*&” o1 zirls.
Effect sizes of 0.5 are considered medium., like the peak difference between Ld-and 1o-ye B
orone grade at GCSE: and effect sizes of 0.8 are considered large (Coe. 2002). all effeet size can
There are sull arguments about implications. Some researchers argue ‘.'“” i LL; [‘,\i airls®
nonctheless make a difference to several people counting on context. for mstance, "‘“‘\i“. Cm.‘(;u:md.\‘
seores on college entrance mathematics examinations to the boys™ mean score Colll(“ ‘w‘( Hj | rc\‘.c"n‘ch
of more girls qualifying for a STEM subject (Ceci& Williams, 2010b). PUSI"\[”M\,H‘] “‘;1 ‘th:ll
argues that even finding no difference in male and feminine performance dogalj(ﬂ‘h ol
mathematics isn't gendered. They point to the various ways during which nmlhun;\t{c,\l 1S len\llbl. %
through language and structures to ideas that are themselves aligned with masculimty ?l” U;L(,“L.;;
2006) and to the salience of gender in young adults’ deciding. this suggests that l.hC boys ‘m(" F‘ll"
doing mathematics and further mathematics A-levels have alternative ways of creating a sense of that
‘same’ experience to themselves and about people (Smith, 2010). .

Wiliam (2010) reminds us to gauge good research by the validity of what's being examined and b?/
the researchers™ attention (o competing explanations of equivalent results. during a recent Su}d}[
Alcock et al. (2014) have illustrated this approach. They considered whether the gender ot ~b)
undergraduate mathematics students was associated with their grades and self-reported lcu'rmng
approaches, and within the same survey, they assessed for ‘personality factors’ employing a
psychological model that scores people on conscicntiousness, extroversion, agrccablcnc:s‘s.
neuroticism, and openness to experience. Needless to say from previous rescarch. these personality
factors showed an association with the students’ gender, with women scoring slightly higher on
Agreeableness, Conscientiousness, and Neuroticism (with cffect sizes of d = 0.694. 0.551, and
0.570). The techniques of multilevel modelling allowed the authors to assess the contribution of
gender afier controlling for the effect of personality
factor after controlling for the cffect of gender.

o as stuistically significant at a tenth level: there's but @ tenth probabibity that the percenved

factors and, conversely, for every personality
They found that personality type accounted for
significantly more variance in undergraduates’ achievement and behaviours than did uender.
Especially achievement was correlated in both males and females with conscientiousness, which
measures the tendencey to point out sell-discipline and regul
sensible that self-disciplined undergraduates achieve
been for instance that gender can seem a legitimate explanatory factor when it's a proxy for other
related factors like personality which are casier (though ot casy) to vary. Although a proxy is
superficially uselul, it obscures the variability within gender groups, for instance ignoring patterns in
how disagrecable girls or conscientious boys do mathematics.
Gender Differences in Mathematics Performance:

Gender performance in mathematics has been investigated on an outsized scale in two ways. The
primary is thru mathematics assessments sat by thousands of scholars, PISA and TIMSS, national
grade-by-grade tests and college entrance tests within the US, and public examinations within the
INDIA are samples of these, The second s by meta-analyses compiling the info of smaller rescarch
studies in_individual labefatories and schools. In both cases. the size of the rescarch s merely
valuable flvfe agpée dl the tests and studies are measuring essentially an equivale
all the est oceasions. Although they're hospitable criique, the

ate impulsive behaviours, It certainly is
highly. The authors’ wider contribution has

ntconstruct over
WISSIVE repeated

[16]

G Scanned with OKEN Scanner




il’l[en]m' :

onal and pag:

h and natjo; \

fypotheSes over tiny 1a] ASesSments oy -
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¥ L : nstruct |
dalent for Al mathematioe rap —
Hyde, - 021 Women apg boys D'mem, performance being measured by these studies, then it's
2014), theyes | U10), Timss 7 a::f}lms been analyzed from TIMSS or PISA 2003 (Else-Quest.,
better than o .Cor_‘S‘dCl'abIe Variation | ‘ISA 2009 (Kane & Mertz, 2012), and PISA 2012 (OECD,
guls in ctween countries, with more countries whose boys do slightly

athematics
1CS 1nstead

e of the other wav ar o
erall withiy the meap the other way around. No statistically significant gender

(Kan 3
¢ & Mer of many fourt :
lertz, 2012). Vhere e 1‘]“)’ f‘Ollllh and eighth-graders on the 2003 and 2007 TIMSS
Stica ilice Hlerene .
- ylSlgmllCdlll differences are found, they need very small
bScales ~ ]ty s s
il it cales (change and relationships, space and shape, quantity
and- three process subscales (formulating situations me atice
Al ematical co : s mulating situations mathematically
‘l Plying, and cvaluating nnll;e neepts. facts, procedures, and reasoning process; interpreting,
: subscales: gender diffor athematical outcomes). The pattern is analogous for all of those
. but 0 erences aren't significant for Northern Ir T o i
: .2 for England Walcs gilicant for Northern Ircland, and therefore the effect sizes are
nthe US, H '
» Hyde et al. (2008) 2 -
s N3 ar ACLOLY ~ s M i B4 ' .
10 grades between aae(q . »u?d‘ ;;lyzcdd the \uusu‘y assessments from 7 million students in 10 states in
(cffect sizes < 06t): LTI : an Iocal?d ln\/{ul gender differences in mathematics performance
eomiBingal V0). This contirmed their carlier results from a 1990 statistical mcta-analysis,
g the results of 100 trials involving 3 million indivi ’
Australia that found onl ¢ olving 3 million individuals from the US, Canada, and
D « o n 3% y Yl .1 'Y : : y . ' . I Y g 3
image of small 1'f]f only a small effect size in favor of higher female performance (d=-0.05). The
Walzs e a l(ll erences is that the same for both GCSE and A-level mathematics in England and
X 1oue ton . : : . ~ :
2001 Ic 2(;)11751 this is often reported as girls having higher pass rates (Department for Education,
I‘y Dfn 12 and_20.l3, the odds of boys and girls getting cach GCSE grade A* to E differed by but
) 01‘10 ifferences within the percentages of boys and girls who took A-level are slightly bigger, with
3- 4% more boys getting an A* but 2-3% more virls getting an A, 2% more girls getting a B, and
other differences but 1%. Although DIE data don't show effect sizes, these overall differences are
small zmd. support the research findings that on average girls and boys achicve equally well in
mathematics.
There are two aspects of mathematics performance that have remained of interest. One was a finding
from a 1990 meta-analysis that boys performed better than girls on questions involving complex
problem-solving. Interpretation of this result was difficult at the time as US girls took fewer
fe) =
alent researchers returned to the present result after
ated that US national
ex problems

ty and dat
o ' ata
process; employing math )

—» advanced mathematics courses aged 16-18. equiv
US participation rates in advanced mathematics courses became cqual. and loc
test data of 17-year-olds showed no significant differences in tests that include compl
(Hyde & Mertz, 2009) suggesting that the first difference was a result of differences inexperience.
PISA 2012 has focussed on problem-solving in I3-vear olds (although not complex problem-solving
in Hyde's terms) and shows INDIA girls and bovs performing cqually well. both above the OECD
average. This illustrates the contribution that research can make to refining and testing hypotheses

about gender differcnces. and it docs not scem likely that this difference exists.
The second aspect is understood because of the greaier male variability hypothesis. The spread of
boys leads to mathematics is bigger than for women. and hence there are more boys than girls within
the top and bottom 5% and 1% of any asscssment. this is often found within the large imcm:gigmul
tests and US college entrance tests also as 1 assessments that identify gifted mathematicrans
(Halpem ct ai., 2()()7: Heilbronner, 2013; OECD, 2014). However, this result’s not stable across ime.
countrics, or cthnic groups. In US tests the greater vari g reduced
£ 1. but remaining & big difference (.

ance of boys compared to women h
flvde & V)

h remains tooking to check, and far of

over time, getting closer to a ratio 0
Hence this is often a hypothesis that rescare _
Ivinpiad teams and precociously gittgd et

within the extremes of ability like mathematics ol s
INDIA the greater male variability hypothesis s compatible with the shight oy PRINCIPAL”
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=sepresentation of boys with an A* grade (7.1% compared to 6.7% n

other contextual explanations. HOWEVET, because the variance ratio is
hypothesis is found to carry, it scems impossible to account for male oV
mathematics and further mathematics. Within the US context, theorctical models have shown that the
known effect isn't large enough to account for the particular differences in STEM participation at the
school level (Ceci& Williams, 2010a). The message from the rescarch is that there are slightly more
boys than girls who perform cither all right or very badly in mathematics (€sts, but we don't know
why nor whether this is often a result that will still change.
1\Ttenﬂati011al test data has offered researchers the chance to check hypotheses that relate gender
differences in mathematics to biologicat factors (that would be constant between countrics and over
“m?) ot e_n\'ironmenta\/ cultural factors (that could vary in predictable ways). The between-country
variation in gender differences both at the mean and at the extremes of performance throws doubt on
purely biotogical explanations. Work on cultural hypotheses continues. One teresting hypothesis
that hz}s sjnce been rejected was the finding that the gender gap in mathematics in PISA 2003 data
was significantly related to the GGI index cmployed by the planct Economic Forum to point
country’s gender inequality. An initial study found that the more unequal country’s society, the
greater the gap in gender performance. However, this gap thanks Lo the gender inequity hypothesis \’
was rejected when the finding wasn't reproduced within the TIMSS 2003, 2007, or the PISA 2009

| tests. Instead, researchers found that both girls and boys were found to perform better in additional

\ gender-equal countries (Kane & Mertz, 2012).

Thcrc }s one aspect of mathematics where boys are consistently found to excel, which is in tasks

nl.vol\'mg the interpretation of 2-D drawings of 3-D objects and mental rotation of those images. The

biological and psychological evidence for this was extensively reviewed by Halpem et al. to

underpin a US report promoting girls’ participation in mathematics and science. The clear definition

of the task type has helped establish this result as robust. stable over time and countries. There’s a

similar agreement that girls outperform boys in writing tasks throughout school, an impact that is

larger and similarly stable. Girls also are found on average {0 possess 4 stronger personal memory

than boys: they remember what they experienced. The review finds that cach one of three differences

are compatible with contemporary neuroscience findings of brain structure and performance. but

warns against attributing them solely to cither biological or cnvironmental factors (Dianc Halpern et

al. 2007, p29). One reason for his or her caution is that experiments (with specialists Jike taxi

drivers) show that practice physically changes the brain’s structure. Hence modem neuroscience tells

us that nature and nurture aren't as distinct as once thought and thatwe don't yet know cnough about

how brains change through education and childhood to guide policy (Fine. Tordan- Young. Kaiser. & \)

Rippon, 2013; The Royal Socicty, 2014).

Mental rotation is a crucial skill for engineering, architecture. geometry. craft. or construction work.

and features n cognitive aptitude tests for non-verbal reasoning. Halpern et al. (2007) point Lo

evidence from engineering courses that it's a skill that will be taught when needed which develops

2()13) but it docs not rule gy
on the brink of 1, albeit the
er-representation i A-level

through practice, {or instance with video games. Rescarch is ongoing o spot other specific aspects of
mathematics on which girls and boys will consistently perform differently. but there are none with an
equivalent weight of evidence as to mental rotation.

Conclusion and Suggestions:

Despite these initiatives, females’ participation. in Science.
Mathematics, from primary through tertiary education to the ¢
might be explained by, among other factors, the persistent socio-cultural barriers. lack of clear policy
ouidelines for increasing the rates of enrolment of Indian girls In mathematics. lack of assessment
and follow from the varied undertaken initiatives. |

" ‘dnal eyrdence suggests that on average girls anc
Je different within the spread of irls” and bovs™ attainment. with

and Technology. and especially m
weer level remains very Jow, This

ack of gender analysis expertise than on.
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more boys at both extremes of perf
: e performance. This differe SO S o
s suffering from cultural factors, There is o h_ﬂu ence has decreased over time, suggesting that
£ ‘~IIC[“'~r' 1 e agender diFfer
oroved stable across different counti e p awticular spatial skill where gender differences have
A valorised image of wo UL and time, and research will probably find others.
ag men shaatts - . N
o onder Sereotyies con in mathematics cducation and arithmetic carcers should be promoted
and gveryone otl ,.)l‘c ) F_OI]FC'_“'“‘; mathematics careers should be countered by parents, teachers
Good teacl k'l”auom within the school and socictal environments.
1ers will already remember vari : , .
they involve and alrcady remember various approaches to mathematics and therefore the skills
i of Omc d can address these when needed. Interventions for females should aim (o realize
comes instead ol just e shry N ;
it 1es instead ol just equal access 10 educational opportunitics in mathematics. So
¢ sessment and relevant follow-up are key clements in any undertaken initiative.
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