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Abstract

This paper reports on an effort to address the assfi inequality in girls’ and
women’s access to science, engineering and tecnd®ET) education and careers
through raising awareness on SET among seconddrgasqirls in South Africa.
Girls participated in hands-on high-tech rapid pobtping environment of a
fabrication laboratory that was aimed at stimula&fiareativity and innovation as part
of a Fab Kids initiative. The Fab Kids interventisnabout creating a SET pipeline as
part of the Young Engineers and Scientists of Afindtiative.

The methodology was based on a real world situasind a hands-on approach. In
the process, participants acquired a number oflskihcluding computer-aided
design, research skills, communication skills, teank skills, technical drawing
skills, writing skills and problem-solving skillExposure to technology enhanced the
girls’ confidence in being able to handle techngloglated tasks.
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1. Introduction

Although progress has been made in increasinguhears of girls entering the SET
pipeline, the great divide between girls and engyiimg remains due to a lack of
familiarity with the nature and possibilities ofggneering and engineering technology
[13]. When choosing a career in scientific fieldgrls tend to gravitate towards
professions that help humanity; thus the fieldsheélth and medicine are widely
chosen by women [20]. According to Anderson-Rowlatieé reason why women
leave engineering and why the numbers of womemgineering is not increasing as
rapidly as the numbers of women in medicine andifalude the lack of engineering
curriculum in secondary school, the lack of a pesipublic image of engineers, lack
of a vision of what an engineer really is, andltuk of support for women to succeed
in engineering [3]. South Africa recently introddcan Outcomes-Based Education
Curriculum that also covers Engineering Graphicsd abesign, Mechanical
Technology and Electrical Technology in order toyile the learners, including the
girls, a more realistic image of science and ergging technologies [47]. A study by



Mayer-Smith illustrates that sound pedagogical fiwas and social organisation in
technology-enhanced secondary science classroomgroanote a gender-inclusive
experience, where women and men participate andrperequally well [22]. It is
with these issues in mind that this research wadwucted.

The research was done on a group of thirty higleaicgirls in an effort to advance
policies such as the National Policy framework Women’s empowerment and
gender equity [30], the Convention on the Elimioatof all forms of Discrimination
Against Women (CEDAW) [6], the Beijing Declaratipt], the SADC Declaration on
Gender and Development [32], and the Millennium &epment Goals (MDG) [24].
The National policy framework for women’s empowenherecommends an
institutional framework that aims to place gendessues at the centre of
transformation process within all structures, tuibns, procedures, practices and
programmes of government, its agencies and paadstatvil society and the private
sector. CEDAW which was adopted in 1979 by the Udh&al Assembly defines
what constitutes discrimination against women aets sip an agenda for national
action to end such discrimination. The conventioavjales the basis for realising
equality between men and women through ensuring emsnequal access to, and
equal opportunities in all spheres of life incluglieducation. The Beijing Declaration
reaffirms the governments’ commitment to ensure fille implementation of the
human rights of women and of the girl child as malienable integral and indivisible
part of all human rights and fundamental freedohin® SADC Declaration on Gender
and Development on the other hand recognizes tieavalnerability of women and
the girl child and their retarded contribution e tdevelopment of such is made worse
by the unresolved inequalities between the sex#dsnvihe southern African region.
The eight MDGs adopted in 2000 by the internaticc@hmunity include the third
goal whose target is to “eliminate gender dispaiity primary and secondary
education, preferably by 2005, and to all levelediication no later than 2015 [24].

There are a number of initiatives undertaken woidévwo draw girls and women into
SET education and careers. The University of Tesews program to address the
gender gap in engineering and computer science @&sig@s hands-on engineering
and computer activities through summer camps fols gand fairs conducted at
schools and other public and private facilitiegha community [41]. The University
of Colorado’s “techno-neutral” high school girlsptore the potential for careers in
engineering and technology through developing eitluta interactive multimedia
software. The internship helps the girls becomerawl@at a technology-based career
can be creative and fun while serving the needd@fociety [40]. To introduce the
comprehension of their subjects and their pedagbgikills, Indonesian mathematics
and science teachers are involved in an in-sete@eher-training known as “piloting
activities” (PA). PA involves school teachers aratuity members from three
universities jointly developing lesson plans, mgtithese plans into practice in the
classroom and then reflecting on the lessons [Bdflay the Internet has rich web
sites for budding scientists and engineers to egplimcluding playing with games
and fun experiments, a glimpse of science as aegsain with profiles of real
scientists doing interesting work, and online megplaces for girls who like science
[31]. In South Africa, the University of the North'Science foundation year is a
foundation programme in science at university legean effort to increase the quality
and quantity of entrants from previously disadvgathcommunities into university
science programmes [21]. Students undergo extsaresn science in the first year of



their university curriculum to strengthen theiresme base. The Expo for young
scientists is an annual science fair where learhere a chance to show others
projects about their own scientific investigaticarsd discuss their work with a larger
audience [50].

The Young Engineers and Scientists of Africa [48] an initiative which was
incubated at the Meraka Institute Institute in 8aafrica. Wigal, et.al [41] have also
made a concerted effort to pilot a number of indations aimed at addressing the
SET pipeline in South Africa in all schools. Thasean emphasis on previously
disadvantaged schools, especially female and bisttidents. The Fab Kids
intervention is one such project that was desigteedhow school children that
understanding technology through scientific lensi dae stimulating, relevant,
contextual and rewarding. When undertaking desigd &chnology activities,
children are provided with opportunities to crestéutions to real-world problems in
new and innovative ways. The mental processes vadoin the generation of new
ideas may be enhanced when children’s attentioroisfocussed and is allowed to
wander in a relaxed and uncompetitive environm48y. [

The FabLab consists of a network of computersrilvad open source software where
OpenOffice Draw is used to capture two-dimensiatedign of the prototype. The
FabLab is equipped with a range of output devieeging from milling machines,
laser and vinyl cutters, including a range of htouls designed to process a variety of
materials such as wood, cardboard and Perspex.

2. World gendered domainsin science and technology

In the late 1990s, Japanese women comprised ofily df0scientists and engineers
and less that 15% of the university science facltyrthermore, fewer than 7% of
students enrolled in physics or engineering prognasiwere female. In 1970 the
percentage of Japanese women enrolled in under@eaduience programs was 2.3%
and by 2004 this percentage had not changed. Wameezased in engineering from

less than 1% in 1970 to nearly 6% in 2004. Onereffo change this situation

occurred in the early 1990s, when a survey of femstientists and engineers
recommended the implementation of affirmative actgrograms in science and
engineering, mentors for women in science and emging departments and an
increase in the number of female secondary sciegmehers. During this time the

percentage of women in education and teacher maigeclined from 19% in 1970 to

8.5% in 2004 [36].

Women constitute 51.3% of the UK labour market &&@o0 of the graduates are
women. Only 24.1% of all SET employees howevervesenen despite the fact that
one third of SET graduates are female. Women adcéam only 8% of the
engineering workforce. 3.9% of full-time professorsengineering are women in the
UK. 75% of women with SET degrees are not emplageSET compared with 60%
men [15].

There were roughly 3.5 million college-educateddgedes in the US in 1999 working
in one of five broadly defined science and engimgefields — computer/maths, life
sciences, physical sciences, social sciences agidesning, Women comprised just



24% of all science and engineering workers evenghdhey constituted 46% of all
U.S. workers and earned an average 22% less thafl#e

Nations in the Middle East and Asia displayed adowepresentation of doctoral

female recipients in science and engineering in20@0/2001 year. Japan had 16%
females, Iran 17%, Kenya 34%, European Union 30#UssR 31% and the USA

38%. The numbers of female engineering researdheexzademia in some of the

countries stands at 8% in the USA and Germany, il2#e European Union, 18% in

Sweden and 14% in the UK. The UK and Sweden’s atdrs reflect progress in

achieving a more equitable balance of women ppeiig in science and engineering
[25].

3. Science education and women in SET in South Africa

This section looks at SET education in South Afacal makes a case on the shortage
of female skills in this sector. South Africa hdsee broad bands of education:
General Education and Training, Further Education &ligher Education and
Training. School life spans 13 years, from gradetBerwise known as Grade R or
reception, through to grade 12 or matriculatioreleGeneral Education and Training
runs from grades O through to grade 9. Further &tiluc and Training takes place
from grades 10 to 12 and also includes career4mieeducation and training offered
in other Further Education and Training instituspmhat is, technical colleges and
community colleges. Diplomas and certificates awali§jcations recognised at this
level. Higher Education and Training or tertiaryuedtion includes education for
undergraduate and postgraduate degrees, certffieaig diplomas. It is undertaken
predominantly in the universities [1].

Science education in South Africa starts at primsekool level. Outcomes-based
education (OBE) forms the foundation of the cuduou in South Africa at grades R
to 9 and sets outcomes to be achieved at the emdpobcess which encourages a
learner-centred and activity-based approach to attuc while focussing on skills
development. Science at this level is aimed atefosy an appreciation of the
relationships between science, society and the@mwient, the development and use
of science process skills and application of sdientknowledge. It covers
mathematics, natural sciences, social sciencesageament and economic sciences
and technology, to name a few [26]. Between grddkand 12 learners are taught
physical and life sciences. The physical scienaftsance scientific and technological
development. Scientific enquiry and problem-solvekijls similar to those used by
scientists at work are developed at this level. iIBupre able to understand
relationships between science and technology, dbeety and the environment [29].
Life sciences involve the systematic study of Ifiethe changing natural and man-
made environment. This enables learners to undherstéological, physiological,
environmental, technological and social procesbas impact on the environment
[27].

Technical subjects, commonly known as trade subjeue taught at Further
Education and Training (FET) schools. The new tetigy subjects focus on
technological processes from conceptual desigrrdotipal problem-solving and the
application of scientific principles. The technojogubjects in the new National
Curriculum statement include Electrical Technologyechanical Technology and



Engineering Graphics and Design. These three dsbjece referred to as
manufacturing engineering and technology subjeéxiE [

In its report on the South African graduate stassbetween 1991 and 1998 the
Human Sciences Research Council reported thertatabers of people graduating in
the various SET fields according to gender as ¥sl§38]:

Female Male Female % of
total graduates

Computer Science/IT| 3779 7079 35%
Geological sciences 686 3323 17%
Mathematical and 6903 9505 42%
statistical sciences
Biological sciences 11951 11831 50%
Physical and chemical4575 10050 31%
sciences
Engineering 1467 30897 5%

Table 1: SET graduatesin South Africa - 1991-98

Table 1 shows that women are clearly under-repteden SET fields of computer
sciences, geological sciences, mathematical s@emptgsical and chemical sciences
and engineering. Only 5% of engineering graduatdkis period were women. Only
in biological sciences does an equal representafiomales versus females exist.

The South African Institute for Civil Engineerin@AICE), in its Infrastructure
Report Card [33], confirmed that engineering skiffem professionals through to
technicians and artisans, are in short supply uttsafrica. The report found out that
seventy-nine of the 231 municipalities had no cigilgineers, technologists or
technicians. The SAICE report also found a yawrgag between South Africa and
other countries in terms of the number of peoplegmgineer. In China the ratio is
130 people to every engineer; in Germany its 2lopleeto one engineer; in the UK
its 389 people to one and in Australia 455 peoplerte.

In 2005, 42.3% of students at public higher edocatnstitutions in South Africa
were enrolled for programmes of study in eitherches education or the broad
humanities and social sciences, 29.1% of studeste wnrolled for programmes in
business and management, while 28.6% of studente werolled for science,
engineering and technology reflecting low enrolmsantSET [10].

In 1993 in South Africa, 470 948 pupils wrote maitation exams at the end of grade
12 and 58% of these passed [11]. However, by 1B8&tmber of candidates had
increased to 535 151 with only 51% of these pasiagexaminations The results at
the end of 1997 were the lowest recorded since 18#9 only 47% of the pupils
passing their matriculation examinations [12].

Specifically in mathematics the picture is very i&am In 1993, of 157 701 pupils

who wrote the mathematics exam, only 80 050 (5186ked representing 17% of the
total number of candidates entering matriculatibh][ By 1998 when the enrolment
figure had increased by 120 000 pupils, the passhad dropped to 42% [12]. The



number of these students who passed higher gratleematics stood at 28 305 in
2005 and less than half of these passed higheegrathematics with A, B or C
symbols. Potential SET students are drawn frompodd [19].

In 2006 in South Africa, 528 525 pupils wrote maifation exams at the end of grade
12 and 66% of these passed [52]. In 2006, of 168 papils who wrote the
mathematics exam, only 52% passed representing 82%e total number of
candidates entering matriculation [52]. By 2006 whé&e enrolment figure had
increased by 120 000 pupils, the pass rate hadhdbf 52% [12]. The number of
these students who passed higher grade mathersitazs at 25 217.

Furthermore, Howie’s research showed that thetitles difference between grade 8
and grade 12 in the pupils’ basic mathematicalditg level over the years despite the
fact that more than 80% of the pupils receive fadditional years of tuition in
mathematics [18]. Of the learners who wrote Se@ertificate, only 8.5% wrote
Higher Grade maths [48]. And of the total learnerdy 5.1% passed Higher Grade
mathematics. Under the Department of EducationDimaledi project [48] seeks to
produce 50,000 mathematics and science graduasesiatr certificate level by 2008.
Dinaledi, established in 2001, is the main initiatof the Department of Education to
improve the performance of the schooling systemespect of maths and science.
Some schools are selected for Dinaledi statuspamdded with additional resources
for teaching these subjects. Currently 490 of 62éebndary schools — or 7,8% - are
part of the programme.

In 2005 there were fewer females than males inggddto 7 (less than 50%), while
the opposite was true for Grades 9 to 12. Graderh2les (54.5%) accounted for the
highest female enrolment in all the primary andoseéary level grades. The
percentage distribution of senior certificate exaation pass and failure rates by
gender in 2005 is as follows: of the total popwlatthat sat the exams, 54.1% were
women and 45.9% were men; of these 67.2% of the emopassed as opposed to
69.7% of the males. The pass rates in descendoigy an 2005 were: Accounting
(87.3%), History (84.2%), Business economics (79,9Physical science (71.1%),
Biology (68.1%) and Mathematics (55.7%). As carseen science subjects appear at
the bottom of the list. In terms of gender: in Agnting 88.3% females passed versus
85.9% males; in Biology 66.8% females passed vefBfu6% of the males; in
Business Economics 79.8% females passed versu%o8@dles; in History 83.3%
females passed versus 85.1% males; in Mathemati@®bfemales passed versus
61.1% males; and in Physical Science 69.8% femadssed as opposed to 72.4%
males [10].

The percentage distribution of senior certificatamination pass and failure rates by
gender in 2006 is as follows: of the total popwlatthat sat the exams, 54.2% were
women and 45.81% were men; of these 65.5% of theaemopassed as opposed to
67.9% of the males. The pass rates in descenduogy am 2006 were: Accounting
(86.0%), Business economics (83.5%), History (77,2Ptiysical science (71.2%),
Biology (68.1%) and Mathematics (52.2%). As carséen science subjects appear at
the bottom of the list. In terms of gender: in Agnting 85.9% females passed versus
84.6% males; in Biology 69.6% females passed veBfu8% of the males; in
Business Economics 80.1% females passed versu%o8#dles; in History 85.1%
females passed versus 77% males; in Mathemati®®iemales passed versus



57.4% males; and in Physical Science 72.4% femadssed as opposed to 73.1%
males [52].

4. M ethodology

4.1 Procedure: This was a qualitative research using a case stuelytners were
exposed to the Technology process of “investigdisign, make, evaluate and
communicate” inherent in the technology learningaaof the National Curriculum
Statements. As part of the Fab Kids interventi@rers initially conceptualise their
ideas on paper by discussing possible solutionsngntbemselves, doing some
research for more ideas on the Internet, and cqmaitln various design alternatives
from which they would select the most suitable ofilee chosen design was then
captured onto computer using Open Office Draw pgekdefore being sent to a laser
cutter. Learners are encouraged to make ‘cheapakeist by first printing their
designs onto thick cardboard. The cardboard prp&styare then tested and refined to
eliminate all possible errors. The final desigriteé prototype is then produced from
Perspex. The learners are only allocated one dfeeardboard and one sheet of
Perspex towards their design, which represents theidget”. The limited budget
meant that the learners had to be sure of theilgudsefore realising their final
prototype. It is all about the management of lishitesources available for production
of the final prototype. It is also about workingtlwhands, lateral thinking, problem-
solving, creativity, innovation, acquiring compusgills, self esteem and research.

A design brief was given to the learners initiddly the facilitator In this instancehe
learners were tasked with designing a desk tidyp#éurcils and erasers. The group was
divided up into teams of 4 per group and each vgagaed a specific portfolio with
associated responsibilities. In each group thexre the Team Manager to manage the
team through all aspects of the manufacturing m®c&he Design Engineer’s duty
was to master the drawing package to capture tiaé $blution on the computer. The
Manufacturing Engineer in consultation with otheembers of the group was to
manage the assembly process. The Media Specialistdhcreate a digital record of
the process using pictures, video clips, music armbmpany logo and publish this
information to a Google groups web page.

4.2 Participants: Sixteen grade eleven girls from the North Westvmee of South
Africa participated in this Fab Kids session. Thesre also part of a girl- learners’
project in the North West province organised by Btatinum Development Trust in
the Brits area which is designed to empower girlsnathematics and science. The
girls formed part of a group of sixty learners fraifferent schools that were
attending extra lessons over an extended periody Were selected on the basis of
their potential abilities in key subjects. This plgmentary tuition was designed to
influence their decisions to take up careers iarsz@ and mathematics education. The
course runs for 18 months with one session per \wadkat one and a half hours each
for maths and science.

4.3 Data sources and analysis. Data were collected over the course of a single Fab
Kids session where the primary author acted ashiserver and the second author as
the facilitator. The students’ activities and iatetions were observed coupled with
informal interviews while they were performing thearious tasks. The roles of the



students were noted together with other issues asi¢cAnguage and ownership of the
technological process involved in the design amdipction of the prototype.

4.4 Resear ch questions. The primary research questions included:

1. Does the application of the Fab Kids approach h@vempact on the girl
learners’ interest in SET?

2. Does student gender influence motivation towardrsm and technology?

3. Does prior experience influence the ability an@rest of girls in SET?

4. Are there any possible relationships between stud&rest in participating in
this activity and student interest in pursuing othtechnology-related
activities?

5. How do the applications of the design process impacstudents’ problem-
solving activities?

5. Findings

There are many skills that girls acquired as alreduparticipating in the Fab Kids
session. The design-based approach was an integiEtia number of subject areas.
The approach looked into low-level computer-aidedigh; research skills since the
learners had to search the Internet for informatiorthe object to be designed; social
skills in that the learners had to learn to comroat@ among themselves;
mathematical analysis since they had to size thesigns to fit onto a single sheet of
cardboard or Perspex; technical drawing skillsesigh; writing skills since they had
to produce a report at the end of the exercisatienty in the design and technical
and design skills. Working on a limited budget, rbgtricting them to a single sheet of
material, was a way of imparting entrepreneuridlsk

In certain situations after cutting out the desigrsn the cardboard the learners
discovered that their products did not meet thein gpecifications. The lesson learnt
is that under normal engineering environments,rerocannot be tolerated and that
designers have to do things right the first timena and that preplanning was
important in design. Imagine building a bridge thaentually collapses. The learners
had to redesign the prototypes that did not meet gpecifications and were
encouraged to learn from their mistakes as these wevitable.

The final design was different for each group inme of the appearance of the
prototype and the creativity. Those with a techindrawing background reflected a
quality design, as opposed to that opted for a nfenetional solution. In South
African schools learners are introduced to tecdrdcawing in Technology classes at
Grade 7 level. Most of the girls indicated thatytleere put off technical drawing at
school by the introductory course, which they fouliificult. They therefore chose
not to join a technical school which would have aripd further technical drawing
skills to them. Also the girls indicated they didtrthoose technical schools because
they had not been exposed to technology earli¢heir lives, and fear of venturing
into fields unknown was frightening for them.

Unlike the three-dimensional (3D) computer-aidedsigie (CAD) software the
learners may have been exposed to, the open ssaftveare used in the Fab Kids
session is restricted to two dimensional (2D). Thisant that although girls had to



conceptualise their product in 3D, the componeatstbh be designed in 2D. The laser
cutter only produced 2D components, hence partshef prototype have to be
developed separately and then assembled. Lackcbhital drawing skills made it
difficult for girls to conceptualise this idea a8 object.

Factors such as access to the technologies anifiegh&achers in the school context
have a major impact on children’s achievements @odression in technology. The
way the teacher introduces a concept could aldoeinte the attitude of the child on
the subject as mentioned where the pupils werefiuechnical drawing because of
the way the teacher approached the subject. A gureeducted among nursing
students revealed that they rated teacher knowladgmost important, followed by
feedback and communication skills in influencingithnterest in a subject [8].

From observing their activities it was concludedttthe girls found no problem with

working in teams. A lot of open communication hadake place among the members
of the teams in order to solve the challenge atdhdre initial discussions and

brainstorming sessions were opportunities wherg toild share their ideas with

others and suggest novel solutions to the problEme. learners displayed creative
ideas, with innovative solutions. They interactedhweach other and discussed
problems as they arose. This informal classroomctire was successful as it
encouraged the generation of new ideas and prowgedrtunities to observe how

their peers solved similar problems. Good ideas together resulted in good

products. From the observation they also learnskilés to listening to each other.

Both problem-solving activities and discussionsmstate situational interest.
Problem-solving has the potential to make learagrare of their own inadequacies
and inconsistencies of their previous knowledga todpic, thus increasing covert or
overt activity aimed at exploring concepts and sddarther. When discussing,
learners are engaged in a task that allows theexjpoess their ideas and reflections
freely [9]. The Fab Kids learning approach is assia case of peer mentoring. Peer
mentoring involves students helping each othee&on where the responsibility for
teaching and learning is placed on learners. Res@ixperiences predominate in such
an environment. The positive aspects include erdrarot of learning skills/
intellectual gains and personal growth [45]. In tresearch to make nutrition
education more meaningful, Abusabha, et. al. [Zjilifated group discussions,
wherein learners generated specific topics to remded and knowledge shared
through discussions. The educator became thetédoiiwho rather than lecturing
encouraged clients to discuss freely among theraselv

Some of the girls could not communicate well in Esfgresulting in those with better
communication skills tending to dominate the gralipcussions. English was the
medium of instruction for the Fab Kids sessioncéises where it was necessary to
communicate, those with poor English skills werecmaged to express themselves
in their local dialects. This is an advantage wimea homogenous community, which
was the case because all students could undet$tamacal language/s. The readiness
of students to communicate or participate in aésiis regarded as “active attitudes
[34], but in this case it could be affected by ldreguage skills level.

The learners were highly motivated and respondesitipely to the challenge
provided. The introduction of group activities bgbti a change in students’ learning



interest that even those who are apparently indiffieto learning were willing to
participate. The experience of “doing and seeings the potential to impact on the
students’ attitudes to science and technologygositive manner. This “constructivist
approach” recognises learning as active developuofgmtrsonal meaning through the
interaction of current conceptions and ongoing egpee. A constructivist approach
expects the active engagement of students in thlyisaton (construction) of
knowledge where learners are active explorersashlag environments.

Constructivist designers claim that the educatice#ting should be full of interesting
things to do and learn [16]. Active learning ainisigéating a community of learners
according to constructivist theories of learninghene the learner is an active
participant in the learning process, constructingwdedge through social interaction,
negation and cooperation [7]. The combination dtrinctor flexibility and course

requirements for electronic communication amonglestis led to the evolution of a
learner-centred approach. Learning became a co#tibo in which personal

experiences of learners served to enrich the legrsituation and foster construction
of personal knowledge [44]. These principles ar¢hatfoundation of the Fab Kids
methodology.

The facilitator provided the initial design brieftex a brief introduction. Thereafter
the learners had to work independently in teamg&jngsfor assistance where
necessary and were allowed to take ownership oivtiede process. The lesson drawn
from giving the learners the opportunity to do warependently can be summarised
through the following example. In a computer-bassmining strategy to assist in
introducing and teaching water quality modelling tmdergraduates in civil
engineering the students felt that because theg alle to complete the project with
minimum supervision they acquired a better undeditey of water quality modelling
as a result [46].

A division of labour was applied where learners eveareful to allocate portfolios
based on their own individual skills. Those whok@m the design engineer portfolio
were expected to have some computer experience Wioke with good written and
communication skills were expected to become thdianspecialists. A division of
labour is an important component in learning. Irelated example of an educational
game, Treasure Hunt“3and 4" graders were mixed. Arithmetic goals that were
created differed as labour became divided in theifivity. Two findings of interest
were (1) differences in divisions of labour as adtion of players’ grades and grades
of opponents led to the construction of differenthanetic goals and (2) differences in
goals led to different sequences in children’stegia developments [35].

In the usage of computers to design the prototyred behaviours emerge. There is
a course in computer applications [28] that isreffiein schools, but it is restricted to
relatively few learners that take the subject anthbse schools that offer the course
due to a shortage of computers and qualified dtathe design process those learners
that had computer skills assisted others whiledhtbat had just been introduced to
the computer were willing to accept help. The cotepiiterate learners tended to
dominate the group during the design process. Isttases where all learners in the
group had computing skills, there was a clear dvi®f labour; contributing equally
to the final design.



A cooperative work environment was encouraged déetween the various groups.
Those that had finished their work before hand wqain the others who were still
working. This served to confirm the findings of ethresearches. Researchers who
have examined the outcomes of cooperative learongistently report improvement
in student problem-solving abilities, more favodeattitudes towards school, greater
self-esteem, increased willingness to try new aifiicdlt tasks, enhanced sense of
belonging, better appreciation of cultural and ahdlifferences, support for the
principles of democratic behaviour, reduction ofsb&haviour and better relations
with classmates. Maturity is also implicated byngag teamwork skills such as
listening to others, encouraging team mates, detradimg empathy; negotiating
conflict and helping peers comprehend lessons [39].

The Media specialists were given the mandate tervigw various groups on why
they had selected a particular design, take pistarel generate a short written report
to be captured using OpenOffice Write. The learriess1 the various groups who
were selected as media specialist chose to wodnasgroup instead of separately.
Confidence in being able to carry out the work radiviiduals was a possible factor
here. This group felt it was difficult to colleché collate this information but they
never gave up though. Presenting the informatiamininderstandable format was the
main factor as it involved capturing the informati@as a newsworthy report involving
the application of their language. This group @riers eventually invited someone
from outside their group who had faster typing Iskib complete the task. It is felt
that the learners’ backgrounds may have also be@amtaibuting factor especially the
fact that they were English second language learner

Although the girls were from a maths and scienakdpaund as mentioned earlier, it
didn’t automatically follow that they would be imésted in SET. According to
Meece, et.al, gender differences in motivation examined using 4 contemporary
theories of achievement motivation including atitibn, expectancy value, self
efficacy and achievement goal perspectives. Acalbgheories, findings indicate
girls’ and boys motivation-related beliefs and babars continue to follow gender-
role stereotypes. Boys report stronger ability andrest beliefs in mathematics and
science, whereas girls have more confidence aedesttin language arts and writing
[23].

Lack of self confidence among the girls rearechggad occasionally. In some cases
girls stood back and indicated the task was dilfioafore they could even start using
the equipment. They left it to the team member wlags the computing skills to
design on the computer, for instance. They feledtened by the technology,
especially if paired with those who had previousess to technology. There was one
case in which a learner was not participating i dlesign at all. The reason given
was that she would rather be afforded the spacevdxk alone and understand
technology before working as part of a team. Som#he girls did not participate
fully because of the fear of letting down their teanates by ruining the team’s
design. Therefore the fear of computers for giitheaut early exposure to technology
is a potential problem and maybe an issue whemnites to self-confidence.

Computer anxiety refers to negative emotions anghitions evoked in actual or
imaginary interaction with computer-based technglobhis involves avoidance of
computers, excessive caution with computers, negatemarks about computers



and/or attempts to cut short the necessary usempuaters. A survey carried out
showed there is decreasing reductions in computaety scores from the group with
the shortest to the group with the longest repotieet length of computer use.
Increased computer experience, leads to a reducticomputer anxiety [5]. Research
generally supports that females have less ovexakrgence with computers and are
more likely than males to have negative attitudesatds computers. A survey of
incoming college students to assess Internet expezi and skills levels in 1997
showed that the overall competency and comfortl larestudents was significantly
higher for computers than for the Internet: 19% tbé students did not feel
competent/comfortable with the computer compare@6% with the Internet, with
females reporting higher levels of incompetencg.[37

Persistence is one attribute that was lacking antieisggroup of learners. Of the four
groups of learners, two groups failed to achiewe tdsk in the stipulated time and
they eventually handed over to the technician tmmete it for them on time. They
admitted it made them feel like failures, but thely encouraged that at least they had
made an attempt. Where there was a shortage f gliéflected in the final product.
In his research on the importance of practicallskibteen [49] concluded that to
achieve software product quality, professionallsiahd knowledge is important. For
instance where only one student in the group hatpater experience and worked in
isolation, it reflected on the performance of theuyp. The group had to be assisted by
the technician in more cases than in groups wheaegar number of the girls were
active participants.

The Fab Kids session was a unique learning expmrien comparison to what
traditional schools offer. The flexibility of dointhings at one’s pace reduces the
stresses and pressures that are found in a notasgr@om environment where the
learning situation is more stimulating and lessimpr Learners are given the
opportunity to express themselves more openly wgrko their own specifications
rather than be restricted by a teacher.

The girls indicated that this was an interestingsgmn that stimulated their interest in
computers and technology. They indicated that theye keen to learn more about
computers as a result of this stimulating expostiney were excited by the sense of
achievement in their ability to design a produanir scratch and produce a high-
quality prototype in such a short period of timénisT brought them a degree of
satisfaction.

The pedagogical approach that was employed thrdagtitation had a positive
impact on the students’ interest in SET but noesssd. The fact that the approach
was based on a real-world situation and a handsppnoach made a difference. In
elementary science method courses, connectionfhdo“real world” are vitally
important in engaging children in science learnikipwever teachers struggle to
create science instructions that engage childrereahworld activities along with
learning science concepts: children exploring tleldvthrough hands-on activities
[17]. In a related real-world experiment 9-12 yelt-pupils were exposed to Internet
safety in a motivating and challenging environmealted Net-Detective through on-
line role playing. They empathised with others,ngag an understanding of the
motivations and practiced the ICT skills being tatuguite well through hands-on
activities [42].



6. Conclusion

The work describes an initiative to address theessf inequality in girls’ access to
SET education and careers. Girls and women areruageesented in SET due to a
number of reasons including a lack of familiarititwthe nature and possibilities of
SET. This research aimed at raising an awareneSE®f among secondary school
girls through hands-on activities in a rapid-prgpang environment. It also brings to
fore the local factors that have an influence afs'gparticipation in SET in an effort

to influence policy.

The research tends to indicate that this exposuaerépid prototyping environment is
an approach that is effective in producing learnveith a new curricular approach.
The girls were exposed to many skills as a restlpaoticipating in a Fab Kids

session. Team work, research skills, communicasiiiis, design skills, technical
drawing skills, entrepreneurial skills, computeillsk creativity, innovation, thinking

out of the box and cooperative learning in an emrment that is different from the
class were some of the skills acquired

The issues that came up as the causes for thepaoiicipation of girls can be then
looked at and effected into the schools curricularther work would involve
making a follow up on the girls to assess the impddhe research on their career
choices and interests and also as a way of cengetfignwork that was started by this
project.
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