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ABSTRACT

This study is positioned within a specific South Africamtext where many learners not only
lack access to resources but are considered underprepartberaiore are seen as
academically disadvantaged. Research findings presenteddrdre on learning theories
within the social constructivist paradigm, make use of a dpwetntal research methodology

and use a number of different research instruments.

The main objective of this study was to investigate theotisgtual learning environments,
constructed as educational adventure games, as viabigngetools and to determine the
influence of game play on skill development and overcorg@aiing difficulties. More
specifically two educational game&darh andyKhoz developed at the University of
KwaZulu-Natal, were used to investigate the use of technologhassrooms that included
underprepared and academically disadvantaged |leariaeish was designed to challenge
learner misconceptions related to photosynthesis and plptoxtion and was used to
investigate and evaluate the effectiveness of games toomwerthese misconception&hoz
was used to introduce learners to issues related toAitl¥and to evaluate the use of such

tools to develop skills. However,

It was first necessary to develop an instrument, bas#aedPersona Outlining Model (POM),
to evaluate and measure skills. The POM uses a nurhiveerfaces (literacy, communication
and visualization skills) and properties (age, gender and-eoonomic background) to
describe a typical learner, or game player. The instntifveessed on these interfaces and
properties was used to evaluate the skills of young Souttaas from Buhlebemfundo,
Qhakaza and Tholokuhle schools and two universities, Igabeiversity of Zululand
[UniZulu] and University of KwaZulu-Natal [UKZN]), all tm the region of KwaZulu Natal,
South Africa.

The majority of the sampled learners appear to lack apptepisualisation, logical,
mathematical, reading and writing skills and results sudggaspoor performance may be
associated with a low household income and poor English langlkéige While participants
(Buhlebemfundo, Qhakaza and Tholokuhle schools, and Unaghd UKZN university
students) who playedadarh individually solved game problems, they still held manyhef t
misconceptions. Further investigation revealed that when ipariis were unable to solve a
problem they learnt by rote the solution to the problem. Rg§ggadarh in groups and allowing
participants to ask for clarification of assessmesiriiment questions showed that many
participants developed a deeper understanding on the relationshig=en photosynthesis and

respiration. Participants from Qhakaza were asked toygllagz in flexible groups which



changed from session to session. Using the previously geeskills assessment instrument
showed improve visual, literacy and communication skills. Restilongly suggest that only
through dialogue can misconceptions be overcome and thahfp@ @ social activity as
proposed by Vygotsky over 80 years ago. More specificallyaresgresented here supports
Vygotsky’s Zone of Proximal Development, the role of play in dgaent and the need for
written language skills. The new art form of digital gaméen conceived as microworlds can
play an important role in education if games supportperation between players, peers and
mentors, allow for exploration through play and supgwtdevelopment of reading and writing

skills.
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CHAPTER 1
BACKGROUND TO EDUCATIONALLY UNDERPREPARED AND
DISADVANTAGED LEARNERS

1.0. INTRODUCTION

The digitalisation and convergence of computer and telephongdkegies, which are the
linchpin of the information and communication technologies (JChAave greatly influenced
educational practices. It is not clearly known, howevehe ICT promise could enhance the
education of the majority of students who come from disadgaa schools and/or poor
communities. This thesis attempts to explore the use ofgpldycomputer games that are part of

the ICT as a tool to enhance teaching and learning.

Chapter 1 provides a background to the notion of academicopeveht, with particular
reference to underprepared and educationally disadvantyeeis. It is important to position
the study within a specific South African context whereiild be argued that it is only through

access to quality education that many people can ovengovesty.

Chapter 2 chapter highlights the theoretical framework urni@ng the study. This chapter
discusses theories of learning (such as instructivism, roatistsm, and social constructivism)
which guided the study. The importance of theory in the dpusdot of ICT led education is

also discussed.

Chapter 3 consists of a review of the literature rdlédethe role of ICTs in learning and
includes the part performed by cyberspace and virtual leaemvigonments as media for

educational curricula.

Chapter 4 critically examines the role of play and gansgseaally computer games, in

education and their incorporation into the curricula.

Chapter 5 investigates the different methodologies employtbe istudy and the reasons for
selecting specific research instruments and the tools atftbds for gathering and analysing

data.

Chapter 6 discusses “The Persona Outlining Model”, a modeltagkdine a typical South
African learner. This model provides many interfaces sagblay, exploration, challenges and

engagement but the discussion will be directed mostly towhedsroblem space that includes
1



the interfaces related to literacy, communication asdalization skills and properties such as
gender and socio-economic background. This chapter alsmmdées data attained from the
results of literacy and communication skills based ondPer®utlining Model to ascertain if

the skills levels of participants had improved.

Chapter 7 is divided into two parts with the first pauastigating the use of a computer game
(Zadarh) to overcome misconceptions held by students relating itouthéerstanding of the
relationship between photosynthesis and respiratiomr8lg it explores the use of a newly
developed interactive learning gamkhoz, to test the concepts explored in chapters 6 and 7
particularly those pertaining to the development of litgle@td communication skills in social

constructivist settings.

Lastly, chapter 8 gives some concluding remarks to the stud provides some

recommendations for future endeavours.

1.1. BACKGROUND TO THE SOUTH AFRICAN EDUCATION SYST EM

South Africa has a history of an education systengdesi to create and perpetuate inequality.
Previously, the quality of education received depended mdfstigt entirely, on the colour and
race of students and in some instances on the wedhlkioparents. According to Naicker
(2000) apartheid education emphasised separatenesgra@sodted race, class, gender and
ethnic divisions rather than common citizenship and nationh®bdre were different
departments of education for the main race groups withires® allocated differentially to each
(Dison and Murray, 1998). According to these authors, in 1958uBaducation Act was passed
with the aim of producing labour for the South African econofpartheid education for

blacks had successfully suppressed teachers’ and pupil&dial and analytical abilities
(Walker, 1990). Educational institutions, during the apartbed produced students with
different academic standards and competencies beaaivgesities were prohibited from
admitting black students and separate universities wertedria different racial groups.
Consequently, in April 1994, South Africa’s first demdially-elected government inherited
all the problems bequeathed by the divisive, unequal and fragdheducation system that for
the past half century had failed to adequately educataajwity of the country’s people
(Dean, 2000). Dean stresses that there was a high dmgp@atmong black school children
linked to widespread poverty and social alienation, couplédaviack of provision for millions

children.



The Bill of Rights contained in the new South African §dation of 1966 states that everyone
has the right to a basic education, including adult basicagbn and further education, which
the State, through reasonable measures, must make progyessaikdble and accessible. The
constitution in its endeavour to build a unified society lvagiidergo changes which prohibit
discrimination of all sorts that includes, race, genslecjal class and disability (The
Constitution of South Africa, 1996). Thus, the constituticestto redress the imbalances within
the schools and to provide new curricula that develop a new séidentity based on dignity
and respect for all people, rather than on racial, geamt:class division (Heinemann South
Africa, undated). In 1997, the South African government lned@ new curriculum called
Curriculum 2005 (C2005). The intention was to introduce C2005 tpades by 2005.
According to the Department of the Government Communicatiotrdadnation System
(GCIS) (2005) C2005 is the brand name of the National Curric&kamework introduced into
schools in 1998 and based on the concept of Outcome Based &d(CHBE).

“OBE regards learning as an interactive process betwakaraong educators and
learners. The focus is on what learners should knovbaradle to do (knowledge, skills,
attitudes and values). It places strong emphasis ap@ative learning, especially group
work involving common tasks. The goal is to produce aaiwd lifelong learners with a
thirst for knowledge and a love of learning” (GCIS, 2005)

Heinemann South Africa (undated) lists a number of althis curriculum intends to
achieve and these are to: (i) to provide learners withrtgeistic skills and the aesthetic and
cultural awareness so that they can function effectamlety/sensitively in a multicultural and
multilingual society. (ii) To develop critical minds, abteutse a variety of ways to gather,
analyse, organise and evaluate effectively numerigdhan-numerical information, and then
communicate it effectively to a variety of audienca§. To develop learners who can function
in a multicultural and multilingual society aware of theman diversity of their society, and (iv)
to develop learners who are able to use a variety oftieféguroblem-solving techniques that
reflect different ways of thinking in the ICT led globahemunity. The learning areas include
languages, mathematics, natural sciences, technology, steiates, arts and culture, life

orientation, economic and management sciences.

Although the country’s constitution has put all these ohjestin the forefront of the
educational system, unfortunately according to the redhe Human Science Research
Council (HSRC) of South Africa (Howie, 2004) the acadenaaddrd is still not improving.
The study focused only on Grade 8 learners. The report destnd&nding of Third
International Mathematics and Science Study Repeat ($HABof 1999 that shows that out of

26 countries which took part in the study, South Africa peréat the worst in both subjects.
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The report shows the results of the study done between 189988 documented in the
HSRC website. The first study South Africa participatedas carried out in 1995 when its
performance was the worst out of 41 countries. This ttentinued as is evident from the
study completed in 1999 where on a scale of 800 points ovevath 8frica with overall mean

score of 275 a mark well below the international mea48at

In mathematics, South Africa had a 3-point decreadeeimverall score between 1995 and 1999
which was not statistically significant (Howie, 2004)other words, there is no real difference
in performance between the pupils in 1999 and those in 1995. Sogth had a mean score of
275 in mathematics compared to the international averagd witiceased by 2 scale points

from 519 in 1995 to 521 in 1999.

South African pupils also performed poorly in sciencdn@itmean score of 243, which was
well below the international mean of 488 (Howie, 2004). ThelsAfrican scores were below
the mean scores of all other participating countrieg,direg the two other participating African
countries of Morocco (323) and Tunisia (430) as well atbbsther developing or newly
developed countries such as Malaysia (492), Indonesia (43%,(€20) and the Philippines
(345).

Therefore, apartheid education did not prepare studeng®svrapartheid times driven by ICTs.
Again, from the results of TIMSS-R as presented by tBRE, it is clear that even the post-
apartheid South African education system does not adeqpasglgre learners for this
demanding role. Consequently, there is a need for resagam of the educational systems in
order to meet these demands. One of the most damagiielegathe apartheid era stems
from the obvious inequalities in South African educatidiilér et al., 1998). The higher
education sector is faced with skewed and deepened prohlesing from the peculiar
historical and political context (Hartman and Warren, 199duth Africa is faced with a
profound challenge of educating, training and integratilagge proportion of its population
who were previously denied the opportunity to move into the emengfioignation society
(South African ICT Sector Development Framework, S&,T2000). It will be argued,
therefore, that in post-apartheid South Africa, howether quality of education still depends on
the type of education provided by a school, particularly aenhapf the students still cannot
afford the expensive tertiary education. Students from fieamcial backgrounds attend poorly
financed schools and receive education that is not cotvipacathe one received by students

from more affluent groups, mostly from the previously ataged ‘white’ schools. As a result,



a huge number of South Africans are not coping witlietgreducation because the new

educational dispensation is skewed towards the previadsigntaged schools.

“Although, in the post-apartheid era, inequalities in etlocare being addressed, the
aftermath of the oppression has brought with it numeedusational problems,
particularly for those students from ‘disadvantaged’ baakgile who may experience
difficulties coping with the demands of the university ediacasystem” (Miller et
al.,1998).

For many black children, education is characteriseddpalling learning conditions,
inadequately qualified teachers and a language of instnuather than their own mother
tongue (Luckett, 1995). Luckett further states that the skeebigh first-year failure rate at
South African universities is a clear indication of gandislocation within the educational
system. The educational systems, at both school aratydevels, have been dominated by
instructivist learning approaches which do not develop the cufyseblem-solving, free
enquiry or active learning, but are authoritarian and@wasive (Dean, 2000). The result is
lack of preparedness for most students evident in tertiatjyutions where most students are
not coping with their course work (Millet al., 1998). According to Dean (2000) the problems
faced by most blacks in South African schools includengéijlequately qualified teachers; (ii)
problems of classroom space whereby black children alasses often as large as 100; (iii)
disaffected and under-qualified black teachers; and kirgnic under-funding of black schools.
Therefore, students go through an educational systeohwloies not only leave them
underprepared but also does not equip them with essentiakiSTiar effective participation

in their tertiary education and in the information gbgias a whole. Hence, a need for higher
educational institutions to keep pace with the socio-poliéiodl economic changes by
preparing for an uncertain future and providing a technologyemsironment where students
can obtain the continuously changing knowledge and skills needédpe that future (Edgar,
1999). For this future, South Africa has to be competitiibeénglobal economy and there is an

urgent need for an educational system that embracestwmologies. Luckett (1995) asserts:

“Universities are increasingly coming under pressuwmfgovernments and employers to
be more accountable to society — to align their goadspgiorities with national goals, to
deliver more graduates with fewer resources and tarerise acquisition of the skills and
competencies demanded by a global economy and an infonnsaciety”.

The aims of the new democratic government’s educationtinégahave been to redress the
educational wrongs of the apartheid years within a dertioéramework of justice, civic
responsibility, equality of opportunity, tolerance and ditgliDean, 2000). Dean further states

that indeed the government abolished the old racial divisionpw@nd place an integrated
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education system. The ruling African National Congresefded in its policy paper on
Reconstruction and Development Programme (RDP) that #olucaust address the
development of knowledge and skills that can be used to pddgle-quality goods and
services in such a way as to enable us to develop our syltunesociety and our economy

(African National Congress, 1994).

While the government is trying to develop the curriculum inclushwl races and cultures, the
problems emanating from the apartheid era continue.X¥aon@e, the overall education
expenditure is simply too low to deliver to the most disathged schools (Tikly, 1997). Dean
(2000) argues that schools in disadvantaged areas are fitlregifrom problems of acute
resource shortage, overcrowded classrooms and demoraliseddarnerained teachers. In
contrast, the ex-white schools have an immeasurably supapibalaesource base from the
past to draw upon, and inherited racial and economic demogsagimble these schools to
charge high school fees to pay for additional resourcesn [2900) says that the black
township schools can charge only minimal school fees, which unéasly their communities
simply cannot afford. Wealthier blacks either move fromioenships, or bus their children
out to ex-white or ex-coloured schools. Therefore, goodatrurcis still dependent on colour
and wealth. In effect, there has been accentuatipresfous patterns of differing opportunities
for the majority of black children still receiving e@tion of lower quality than that of their

White or affluent Black and Coloured counterparts.

Therefore, this research which is guided by the tendecatlemic development’, namely,
disadvantaged and underpreparedness, which “describe a nistoategory of student”

(Miller et al.,1998) — will investigate how problems could be addressed inssuely that
students will be ready to participate in tertiary edcatt is, therefore, the aim of the
researcher to investigate these concepts which are a lefgamial discriminatory policies
which produced and keep on producing learners with diffeiieigaty and communication
skills. Again, educationally “disadvantaged” will be stutiées a problem arising from
instructivist methods of education which are argued by neagationalists to be ineffective.
This type of learning does not assist learners to pfaganingful role in their own learning and

importantly does not help them for tertiary school education.

1.2. EDUCATIONALLY “DISADVANTAGED” STUDENTS
Although in the democratic South Africa there is no individuld is educationally or
politically oppressed the definition provided by Moll and Solsks(1989) is still as pertinent

today due to the inequalities in land ownership and qualitgaion. These authors argue that
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in South Africa the term ‘educationally disadvantagedaken for granted’ and used to define
‘educationally oppressed black students’. These writersedfgt what constitutes being
‘disadvantaged’ is ‘unclear’ and, consequently, the terasésl as a label, without a firm
understanding of its causes and consequences. However, whaivnitars agree on is that the
social inequalities have led to the poor people or “disatdgged” groups receiving an education
that is inferior to that of affluent members of sbi@Es. In newly emerging countries educational
failure is part of a cycle of poverty, social ineffectieas and ignorance, which is repetitive
unless the links composing its component parts are brokerh (&@mnet Gussow, 1966). As a
result, the systematic relationship between social condiaod educational competence is
neither something new nor even a newly discovered phenomenon.oragefef the
disadvantaged poor people to break away from their miseyydtteand not merely education
to a minimum level of employability, but education that pwikepare them to participate at all

levels of an increasingly technical society.

This notion of disadvantaged learners, therefore, refessdially and/or economically less
affluent members of society. Hence, in this resetirelierm disadvantaged refers to mainly
learners from less affluent communities who are prodefci® education that leaves them
underprepared to participate effectively in tertiary edonaf he disadvantaged will also refer
to learners who are a product of a particular type o€atbnal system which does not develop

analytical and other cognitive skills. The key goal of edooaghould be:

“to enable students to develop the cognitive and concegiilla) both general academic
and discipline-related, required to interpret, evaluateanstruct ‘artifacts’ of
knowledge through the appropriate use of discourse, thedrgndaience, as well as the
enthusiasm, motivation and metacognitive abilities t@imerindependent and adaptable
learners who can function in our modern ‘informationisty” (Hartman and Warren,
1994).

The disadvantaged learners aare a product of an ethalatystem that does not equip learners
with appropriate skills. This therefore, contributes tortbon of being educationally
disadvantaged and as a consequence learners are underpi@parédipate in tertiary

institutions and even in the wider community.

1.3. EDUCATIONALLY “UNDERPREPARED” STUDENTS

Underpreparedness cannot be separated from poor social and ecoackgiounds of
students, and consequently , is part to the concept wtagidnally disadvantaged'. It is argued
that the need for more access to higher institutionsashing by students, particularly those

from poor economic backgrounds, has led to a call for tihes&itions together with



governments to provide financial aid to needy students as “exgerhas shown that access
cannot be separated from financial aid” (Hartman and&dafi994). “Underprepared students
come from all economic situations and geographic areas eveghttioey are
disproportionately poor” (Roueche and Roueche, 1999). Rouecteoarethe (1993) explain
that for learners to overcome their status of underprepaedmestake a long time as
illustrated by the US where learners are still leaving bidiool underprepared just like in the
mid-1960s and with competencies currently at the lowestslé@veélmerican history.
Underpreparedness is, therefore, a major problem in academihinders students’ progress.
Gagne (1985) postulates that the ability to learn new rahtepends on the mastery of

prerequisite capabilities at a prior stage of learning.

Underpreparedness is described as an under-developmentfailutteeof students to develop
academically (Milleret al., 1998). They argue that in South Africa the obvious common
denominator of the majority of underprepared students ighbgiare second language students
studying in English (or Afrikaans), a language that istheir mother tongue.
Underpreparedness is often blamed on language, culture and ecorfosigisficant problem
for underprepared students is that their (predominant) ‘@fficulture does not facilitate the
interpretation and understanding of texts rooted in a predotty ‘Western’ culture (Machet,
1991). In the process of analysing a text, it is inevitdidethe reader will impose their own
past experiences and background knowledge onto the readingah{déler et al., 1998).
Hartman and Warren (1994) argue that certain premisescoesitiering when shaping
curriculum structures because of differing levels of preparsdrfesr example, firstly, there
will be a continuation of the demands for increasedsscteuniversity by historically
disadvantaged students; secondly, the level of preparednesseo$tilmsnts is unlikely to
change significantly in the next five to ten years (Figtmel Scott, 1993); thirdly, it is unlikely
that universities will be pressured into offering greatecess to mature, part-time students as
part of reconstruction and development, who will introduckeidint dimensions to the concept
of academic preparedness (Taylor, 1993); and fourthly, improkentetel of academic
preparedness for undergraduate study can most effectivalghiim/ed within the university

environment and preferably within the disciplines (McGrath$pear, 1991).

It is important to note that, notwithstanding the lesMelinderpreparedness and all the
surrounding problems, most South African students who anteersity with low academic
preparedness because of under-resourced secondary schoolilikg phelir European and

American counterparts, are still deeply concerned albeirtdegree marketability (Hartman



and Warren, 1994). The government tried to intervene by intmoglaccurriculum Outcomes-

Based Education.

1.4. GOVERNMENT INTERVENTION AND OUTCOMES-BASED EDU CATION

The demise of apartheid fast-tracked by the emergencaesw @aemocratic society led to new
thinking about education. The new government was aware thatgbuntry was to compete on
the global stage, the global imperatives required a post-medeication system which
demanded a student—centred approach, different from théapaetiucation characterised by
rote learning, loyalty, obedience, narrow cultural adeamnt, and a deliberate inculcation of
misinformation and ethnic prejudices (Asmal and James 2000¥, the South African
government opted to replace the previous education policyawdtinstructivist, Outcomes
Based Education (OBE) (Skeyal., 2001) in its primary and secondary school curricula
(Halloun, 1998) instead of a content-driven curriculum (Asamd James 2001). The 1996
White Paper on Education and Training (Department of Eaunga 995) saw the goal of
education as to uplift individuals, including those from previpdsadvantaged communities,
so that they could contribute to their own developmenttiaaidof their society (Waghid and
Fakier, 2004). This new paradigm was therefore, intendedtoqgte equity, equality, and

social and cultural empowerment.

Outcomes-Based Education has its roots in the educatefoais of the 1960s namely,
mastery learning and competency-based education (Scadien1997). According to these
writers, the mastery learning movement was initiateBdxyjamin Bloom, an American
cognitive psychologist who worked on the premise that all leaamerable to master desired
outcomes if educators refashion the time and instructfarameters in which learning takes
place. They further stated that the competency-based emluoadivement was a reaction to the
changing job market in the United States in the late 19@0bsqwestions arising about the role
of education in preparing young people adequately for theirdtife roles. The basic premise
of competency-based education is the integration of owawals, instructional experiences,
and assessment devices. OBE infused certain themeshiesenmovements in an attempt to
shift existing educational practices to include objecttiezgksto "learner outcomes, core and
extended curriculum development, mastery learning, accoutytatél an information
management system, and criterion referenced assesqg@apper and Jamison, 1993). These
scholars, however, assert that in practice, this appreachins largely rhetorical, partly

because little agreement has been reached over whatteoyactually represents.



Outcomes-Based Education has a number of underlying prieepteSpady (1994) proposed
four: (i) Clarity of focus: where education systems stidad organised in such a manner that
teachers and students can clearly focus on what lear@edsto achieve. (ii) Designing back:
this one is related to the first principle, and mehas in designing curriculum what students
need to finally achieve must be clearly defined. (iiijjftiexpectations: where teachers must
establish challenging standards high enough to keep alinssuelegaged and encouraged during
their learning. (iv) Expanded learning opportunities: studémtsot all learn in the same way or
at the same time. Therefore, “The most important golies of outcomes-based education are
that planning, teaching and assessment should focus on Helpingrs to achieve significant
outcomes to high standards” (Killen and Hattingh, 2004).iBlakmd Gourvenec (2003)

contend,

“OBE advocates a holistic, constructivist approach aolieg, encompassing educational
theory and structural issues in education as well asrola® practice and ... it most
significantly encourages educators and students alikentredbeir efforts on
demonstrating the achievement of pre-determined outcomes.

The constructivism aspect of OBE stems from its insigténdring on board the experiences of
both the teacher and the learners. Central to OBEdhaeareparation approaches and
methodologies to teaching, learning and assessment, asswmonstrated learner
competence (Ndhlovu, 2002). Ndhlovu further stresses that GBEsra shift from a limited
focus on the inputs of teaching and learning to the procasslesutcomes. Skt al. (2001)
insisted thaDutcomes in OBE refer to knowledge, skills, values and/or attituthat an

individual is expected to demonstrate in a given learniogtson and at the end of each
learning process. OBE focuses on the processes necesdagyifiers to achieve these
outcomes. Skuy and friends argue further by stating th& ©Based on the belief that alll
children, irrespective of their background, can succdgd@arn. Learners are actively involved
in their own learning, and flexibility of teaching stged content is stressed. This is in contrast
to other teaching and learning paradigms most notably deésied models which give

precedence to content over outcomes (Dalziell and Gourveneq, 2003

1.4.3. The South African Government Stance

Coming out of an era where education was mismanaged andedi interest groups, such as
teacher unions and institutions of higher education, wergisal about OBE when the South
African government introduced C2005 in year 2000. At least tpestyf criticisms (a) of
pedagogical nature, and (b) relating to infrastructureeapértise were levelled against this

new paradigm as explained below.
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1.4.3.1. Pedagogical Problems

In the South African context, Fakier and Waghid (2004) taise main pedagogical problems

regarding OBE:

0] Economic growth and technological development vs. Critical thinking: They assert that
there is an implicit tension between technological edoca@nd education for democratic
awareness and critical thinking. They argue that it mgyatigcally correct to go with
the former at the expense of critical awareness atidatithinking given the huge ethnic
inequalities in skills and competences in the nati@beur force. Fakier and Waghid
further contend that the government has bought into the agétigareo-liberal, free
market economy, marked by fiscal restraint which does tgtjgromote critical thinking;

(i)  Transparent and observable terms: OBE fails to recognise that human behaviour and
understanding entail a complex series of activities, nonénimhvean be defined in terms
of outcomes. Therefore, OBE is flawed because of sistence to interpret the
complexity of human activity in terms of outcomes aligiohhuman action and
understanding cannot always be explained as such; and

(i) Authoritative outcomes. Those who formulate policy are also guilty of consingct
outcomes that imply that their noble claim to openata framework of critical thinking
becomes flawed by power structures such as those of kantrenanipulation (Waghid,
2000).

1.4.3.2. Expertise and Infrastructural Problems

Skuyet al. (2001) raise two problems regarding expertise and infragtasnd these are that:

(i) At the time of implementing OBE teachers were illgaeed to undertake their new roles
because of the minimal training they had received; and{fg)felt need to rationalise resources,
to retrench teachers, and to redeploy others to moae\distaged areas led to a great deal of

acrimony, tension and resentment.

1.5. INITIATIVES BY UKZN FOR ADDRESSING EDUCATIONAL PROBLEMS

The government is not the only institution concerned with thest@lems of academic
development but academic institutions are also doing theibpatarting initiatives addressing
such issues. This research is one such endeavour thagarsesd games to address academic
problems. In addressing these two problems of academicopeveht, of underpreparedness
and that of academically disadvantaged, two ganazglarh andyKhoz — developed by the

University of KwaZulu Natal are going to be used to investigla¢ suitability of play in
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improving the academic preparedness of learners. In thigdrebareffectiveness of two games
(i) Zadarh — which addresses questions of photosynthesis andaispirand (iijyKhoz which
addresses literacy and communication topics will benaxed. However, before one could do
so, the typical South African learner will be determinéih the usage of the Persona Outlining
Model (POM) developed by Amory and Seagram (2003).

1.5.1. Zadarh

Zadarh is an adventure game designed to provide learning resaaraddress specific
misconceptions related to photosynthesis and respiration, ievploiendelian genetics and
2D/3D visualization. This game covers a number of poréalsh associated with a single

biological concept.

At the start of the game the player is informed thatientist developing new viruses has
been killed by one of his creations. The researabrédbry has been evacuated and
sealed to prevent the spread of the virus. The playearing a biohazard suit, is then
invited to undertake a mission to find an anti-viral congrt that the scientist has hidden
in the research laboratory. Successful completioneoh#xt level, based on
photosynthesis and respiration, provides the playeranthpply of oxygen, a carbon
dioxide cylinder used to extinguish a fire, and vials doirtg DNA bases. Basic
understanding of Mendelian genetics is used in thidewet where the player finds
seeds that have been molecularly altered to containtfi@iral DNA sequence that is
used in the final level to develop a vaccine. The mowseused for all navigation
through, and interaction with the game. In each scene arptagble to walk forward or
backwards, or is able to turn right or left. Whileastigating the game space the player
finds objects, which can be collected, and solves puizigsin additional information or
to progress to other game areas (Amory, 2001).

The photosynthetic and respiration leveFatlarh is used in this study to evaluate the use, and
educational benefit, of complex and richly layered multimevith learners from different

education settings (urban and semi-urban environments).

1.5.2. yKhozi

yKhoz is a constructivist 3D virtual world adventure game iheltides a number of knowledge
domains “each centred around an aspect of South Afric&adeor culture,” Seagram (2004),
designed as microworlds. A single, microworld, or portgted to important African diseases
(HIV?IAIS, Tuberculosis, malaria and cancer), is usethis study to better understand the use

of such tools within an African context.

1.6. STUDY GOALS
The primary objective of this study, therefore, wasdieidnine the educational value of games

where a sample of participating learners came from a \aiagerof backgrounds. In order to
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realise this objective it was necessary to first degigesearch instrument to describe learners in
terms of both quantitative and qualitative data as praplogehe POM and thereafter to use this

model to evaluate the effect of games play on skills.

A secondary objective was to assess the applicabilityeafigk of educational games with
learners from a variety of backgrounds (university and sactwol students from urban and
semi-urban environments). Two educational game&dérh andyKhoz, which covered
different topics are played by learners to ascertalreiy tan be used to adequately address
learners misconceptions while enhancing their problem solkitlg such as literacy,
communication, memory and logic. Each part of the studytaldds on the results obtained

from previous parts of the research.

1.7. PARTICIPATING SCHOOLS

Three schools — Buhlebemfundo, Qhakaza, and Tholokuhle — anthivarsities (Zululand
[UniZulu] and KwaZulu-Natal [UKZN] participated in thisusly. The three schools and
UniZulu consisted mainly of isiZulu first language speaketsvagre located in the KwaZulu
Natal semi-rural areas except Buhlebemfundo situated ioutis&irts of Durban, while

UKZN'’s population was more mixed and came from urban are@ss the country. There were
55 participating students from Buhlebemfundo, 26 from Qhakazk5 %k from Tholokuhle and
were all matric students (Grade 12). There were alstu2iésts from UKZN (first year
computer science) and 30 from UniZulu (first year Busine®iation Systems). The study
was divided into three categories with each school paaticig in at least one of them while it

is important also to note that Qhakaza learners gaated in all three studies.

With the exception of UKZN, the participating institutions &ased in the areas previously
(apartheid area) considered as black. Despite currentrgogat interventions many of these
areas are still poorly resourced. Both universities{NKand UniZulu) and a single school
(Tholokuhle) have functional computer local area networks.d¥ew Tholokuhle has only
limited Internet access. In order to participate is #tudy participants from Buhlememfundo

and Qhakaza made use of UKZN and UniZulu’s resources.

1.8. CONCLUSION

The ICTs revolutionary impact on the way people do busitigesand learn has opened
opportunities for scholars and schools to use in enhareangihg. There is a great demand to
incorporate these technologies into education and othedl soxl economic spheres in order to

improve lives, particularly of those disadvantaged ordindizeas. In South Africa,
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educational institutions are experiencing many changdsding, the need to restructure and
meet the demands for greater equity, equal accesesse@nd social and cultural
empowerment while still delivering quality education lola addition, the economic demands
are pressurising South African universities to develop cuariatiich address both national and

global needs.

This chapter briefly outlines the research directiorhsf project in an attempt to find teaching
and learning solutions for the disadvantaged members obtlta Bfrican society who are
generally underprepared and therefore unable to engage ftdigtiary education. The
following chapter will discuss the dominant educational tlesoof learning as important pillars

of education.
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CHAPTER 2
DOMINANT EDUCATIONAL THEORIES

2.0. INTRODUCTION

The previous chapter introduced the concepts of academicsdighdintaged and
underpreparedness, within the South African context, and thaiemporary origins and
highlighted changes to the South African educational praaticerder to set the stage for this
study. This chapter will examine the place and role ofrthieopost-modern education and its
contribution to the design and development of learning envirorsnagt evaluation models.
This study was carried out within the broader context o$troativist learning philosophy and
was concluded upon establishing that social constructivisnmaas effective in IT led
learning and teaching, particularity where play and edutaltgames are used. Constructivist
and the social constructivist learning theories are, firereused to explain the acquisition of
skills and knowledge in a post-modern classroom that maydedhformation and
Communication Technology (ICT). The dichotomy between instrisati and constructivism is
also discussed. The endeavours of the new democratic SoiganAgovernment to introducing
an inclusive education based on theories of constructivisne @isitarding the old

instructivism paradigm are also highlights.

2.1. EDUCATIONAL THEORIES OF LEARNING

Throughout history education has been dominated by refleatiotize best ways learners could
acquire knowledge, that is, the techniques and theoriesuafihg, attitudes of society, and the
social and economic context (Foreman, 1987). Also, the emergémew technologies often
precipitate educational debates that influence contempedaiation and can impact on society
and culture (Dumestre, 1999). Dumestre contends that thef &émelagrarian and the beginning
of the industrial age saw debates about what should berient of the new education. The
Progressives led by Dewey in the early part of tHec2btury critiqued the earlier dominant
traditionalist view of learner as a passive vessel talbd fvith knowledge. Today, the
emergence of ICT is influencing 2&entury education practices just as the industrial age
influenced education of the 2@entury. Therefore, the question then and now according to
Dumestre (1999) is still “what philosophy of education thespotential of addressing the needs
of our time?” Good and Brophy (1990) argue that there arertain schools of thoughts for
acquiring knowledge. In the first instance, a person maynattto memorise the new
information without relating it to anything already known &md is known as rote learning.

The second position is where learners try to make a connéatsmmething that they already

know from experience. Therefore, knowledge acquisition invol\tasreiecall from memory or
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assimilation into a pre-existing world view built througitperience. Such types of knowledge
acquisition support a variety of different educational tiesoof learning including instructivism
(which often embrace behaviourism) and constructivismhitngection, the theories of

instruction and construction are briefly discussed.

2.1.1. Traditional (Instructivism/Behavioural) Para  digm

The traditional or behavioural theories of learning diangely from the work of Tyler (1949)
who expressed curriculum as a product or a plan (Luckett, 108%r key players in the
development of the behaviourist theory are Pavlov, WatBoorndike and Skinner (Mergel,
1998). Mergel stresses that some scholars can trace tehswi, as a learning theory, back to
Aristotle, whose essay "Memory" focused on associatioing) lmeade between events such as
lightning and thunder. The theory of behaviourism concesti@tghe study of explicit
behaviours that can be observed and measured (Good and Br®p0y, Mergel (1998) asserts
that this theory views the mind as a ‘black box’ whereomsp to stimulus can be observed
guantitatively, with the involvement of little thought pess. In other words, the curriculum is
conceived of as a set of objectives and teaching ‘inputshare subjected to a process of
teaching and learning designed to attain certain ‘outgtiis’assumed that these outputs can
then be measured against the original objectives. Lu(@®5) describes the main features of
this traditional paradigm as predetermined ‘supply-led’ culuim that takes little cognisance of
learners needs, where knowledge is treated as an object loimkannto separate and
disconnected blocks for consumption without debate or intefooggirogress is measured
using most recall tests and an educational ideology thi@nehes, preserves and reproduces

established power relations.

2.1.2. Criticisms of Instructivism Paradigm

Freire (1973), a critic of instructivism and a proponent ottiteeal consciousness theory,
asserts that within the instructivism theory teachertbf reality as something motionless,
static, compartmentalised and predictable. Freire usestaphror of banking whereby,
education becomes an act of depositing, students adepositories and the teacher is the
depositor. The more students work at storing the depmsitgsted to them, the less they
develop the critical consciousness and this could hinderdteiribution to the world as
banking education is either misguided or mistrustful transéos of that world. Thus, the role

of a teacher is to ‘fill' students with contents of thaarration, detached and disconnected from
reality that produced them and which give them significdRoeire, 1973). In discarding the

traditional paradigm, Freire in concurring with other sciefaich as Piaget argues that there is
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a need for a liberating education, which adopts the pordgeople as conscious beings. This
means that there is a need for education that promatiealdhinking. This, therefore, leads to

the second major paradigm, constructivist theory.

A number of other criticisms could be levelled againstructivist (behaviourist) approaches to
learning, and include an idea that there is only one abgeictterpretation world view
(positivist) (Margules, 1996), where information is equabekihowledge (Ramberg and
Karlgren, 1998) and is neither interrogated or reflected.uflsio his approach focus on
content itself rather than the learning process wheoention flows in one direction (from the
expert to the passive absorber) (Fahal. 1996; Diaz and Bontenbal, 2000).

This traditional/instructivism, paradigm was the dominaatmning theory of the apartheid times
where industrialisation was the dominant mode of production @ol¢h African economy.

The instructivism praxis allowed the apartheid regimesntorce their will more easily on all
spheres of education, particularly on the outcome of a schaglstgm. This paradigm allowed
authoritarianism in the classroom and discouraged critidapendent thinking. Learners had to
regurgitate what the textbook and the teacher claimed tiwelecceptable answers. The
thinking of learners, who were from the different so@abnomic, racial and cultural
background, did not matter in this curriculum. This intradurcof democracy in South Africa
allowed the new government to introduce a new outcome baseditturribased on theories of

constructivism in 1998.

By introducing the Outcome-Based Education, the Soutlt@fjovernment tried to establish a
more democratic learning paradigm based on constructivismebeehich allowed critical
thinking and the questioning of authority of the textbook anavirel of the teacher
(Department of Education, 1997). In an endeavour to democtiagisgassroom the government
introduced OBE through what Ndhlovu (2002) stressed adtdrsin a limited focus on the
inputs of teaching and learning to the processes and outcdheeslements of the theory of

constructivism are explained in the following section.

2.1.3. Constructivism (Critical) Paradigm
In contrast to the traditional paradigm of direct instion is the philosophy of constructivism.
Constructivists in education are closely aligned withttie®ries of Piaget (Butts and Brown,
1989). According to Pountney al. (2002) there is no single constructivist position in thelfiel
of education as it does not represent a distinct thealgtsition. Doolittle and Camp (1999)
suggested that constructivism is better understood as awamtifm he assumptions that
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underlie this continuum vary in a number of respectshane consequently resulted in the
development of a variety in the types of constructivisat #ine divided into three broad

categories: Cognitive Constructivism, Social Constructivisd,Radical Constructivism.

Constructivism is closely aligned to other theories sigotoastructionism and critical
paradigm. Constructionism is a theory that locates mganilanguage and the implied socio-
cultural context (Steffe and Gale, 1995). The critical pgrads an extension of the
hermeneutic/practical paradigm that adopts a social cotistnist view of curriculum (Luckett
(1995). Inherent in constructionism is the concept thatlir@igh language, communication
and social constructs that meaning is derived. At the samethere also exists constructivism
that describes learning as occurring through interactigtiisone’s environment and culture. At
the heart of constructivism is the idea that learning invahaisidual constructions of
knowledge and describes learning as occurring through intamaatiith one’s environment or
culture. The potential of learning at different levglews as the environment becomes richer
and more engaging for the learner (Rieber, 1992). Consiamtplaces emphasis on the
mental processes involved in establishing meaning and regeifeggulation and the building

of conceptual structures through reflection and abstradimk,(1991).

The constructivism paradigm, therefore, is based on whaeKi®©73) termed the critical
thought which brings to the fore several stages of consciaishes critical consciousness is a
student-centred dialogue, which problematises generatiweethi#om everyday life as well as
topical issues from society and academic subject matter $pecific disciplines (Shor, 1993).
Shor further states that constructivism is participatdeynocratic, interactive and co-operative,
relevant, includes critical debates and researchjre=gdialogue and participation, support

multiculturalism and fosters the broadest developmenb@makequality and equity.

The introduction of OBE curriculum in South Africa is ii#irmation of the importance of
constructivism in education, particularly in multicultusati and multilingualism environments.
It allows of individual expression and accommodation of dityessipports a curriculum that is

dialogic and respect the dignity of each learner.

Cronjé (1997) synthesises the characteristics of constsidéarning as where learning is
constructed from the experience of the learner, interpretigtipersonal, learning is an active
process whereby experience is converted into knowledge alsj Edtning is collaborative,
thus allowing for multiple perspectives, knowledge is situatedal-life (which is ideally

where learning should take place) and testing should beat¢elgwith the task.
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2.1.4. Criticisms of Constructivism Paradigm

The constructivism theories have their critics who arenaftamning in their observations of
what are philosophies much less open to the rigoroestsic testing inherent in a behaviourist
paradigm (McMahon, 1997). Constructivism focuses on the individterpretation of a
perceived external reality and this leads to the aiticihat constructivism is old unpalatable,
“empiricist wine in a new bottle” (Matthews, 1992). Matheargues that constructivists seldom
extend the analysis to be inclusive of social and commuanita@imensions of cognition where
according to Freire and Hegel, “it is the ‘we thinlatlletermines the ‘I think’ and not the other
way around.” Another argument raised by Mathews is that letuge is already available and
individuals just use it appropriately. “Which particular patseof belief, or theories, in a society
constitute knowledge is not a matter of individual constructimdiyiduals may appropriate
intellectual useful understandings, but such appropriation sndemt upon knowledge being
available” (Mathews, 1992). Constructivist strategies aaegri Merrill (1997) are often not

efficient and result in a trial-and-error approazlthie learning.

The introduction of constructivism paradigm opened spaceseforexperiences and voices,
particularly those which were considered inconsequentéhirathe South African schooling
system (Department of Education, 1995). Languages and vditesse previously
disadvantaged played a major role in the new curriculum.elNses became crucial in the
development and improvement of South African curriculum amdawiding equity and
equality. Learners and teachers from different backgroocoalsl now contribute meaningfully
to learning and teaching, as knowledge is no longer the exeltesrain of the few Whites and
privileged Blacks but a space for all. This realisatemhtb the introduction by the new

government of a more accommodating curriculum named Curriculum 2005

2.1.5. Social Constructivism Paradigm

Social constructivism is closely associated with mamytemporary theories, most notably the
developmental theories of Vygotsky, Bruner and Bandura's smgaitive theory (Kim, 2001).
“The social constructivist version of Vygotsky, who in aroefto challenge Piaget's ideas
developed a fully cultural psychology stressing the primaryafot®mmunication and social
life in meaning formation and cognition” (Boudourides, 200Zcakding to Bruffee (1983)
Vygotsky's main relevance to constructivism derives frontH@sries about language, thought,
and their mediation by society. Some of the proponentsotdilsconstructivism have taken the
criticism levelled against constructivism into theiredpire and elevated knowledge creation
from the individual to a group of individuals (Taylral., 1997). In offering the distinction

between constructivism and social constructivism SalomorParidns (1998) argue that these
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are two conceptions of learning each with its own metagbioithe one hand, there is the
conception of the individual learner, emphasizing the acquisifitmowledge and cognitive
skills as transferable commodities. On the other hand; théhe socio-cultural conception of
learning as a collective, participatory process of asin@vledge construction, emphasizing
context, interaction, and situatedness. Social construntemphasizes the importance of
culture and context in understanding what occurs in soametganstructing knowledge based
on this understanding (Derry, 1999; McMahon, 1997). Social conisismetshows that
learning is not a purely internal process, nor is isse shaping of behaviours. Vygotsky
favoured a concept of learning as a social construct vidictediated by language via social
discourse (McMahon, 1997). The most significant moment in theseairintellectual
development, which gives birth to the purely human formmattical and abstract intelligence,
occurs when speech and practical activity, two previoccmhypletely independent lines of
development, converge (Rogoff, 1990). A key aspect for this thedomai knowledge is

socially constructed and thus contested.

Tayloret al. (1997) illustrate that social constructivism combines botltdimstructivism and
critical theories of learning. They argue that from ¢areivist theory comes a view of learning
as a process of constructing new knowledge within the miméft®cting on the viability of
one’s existing knowledge in light of new experiences, and allseniadiated process of
negotiation of meaning amongst a community of learners. \Whie critical theory comes a
view of an empowered learner as one who seeks to undeotteand’ understandings through
an interest in open communication, and reflects siléally on the unconscious and shared

beliefs and values that shape her routine social practices

Criticism levelled against social constructivism is tyyge of learning it supports. Tayleral.
(1997) argue that while it may be true that social negotiasi a useful approach to achieving
consensual understanding of ill-structured subject matter,ievba 'softest’ subjects there is

often a body of undisputed knowledge.

From the inception of Curriculum 2005 investigative approachesllmasgocial constructivism
theory were envisaged as the bases for the new curricwamgle, 2000). The new South
African government embraced social constructivism becausbhébey accommodates the
diversity of languages, cultures, etc. One of the pillasoofal constructivism is language and
through which people make meaning through negotiate) inteoa@lly, politically,
economically, culturally and spiritually. Social construstin therefore supports

multilingualism goals of the curriculum 2005 that affordsneas the opportunity to develop
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and value their home languages, cultures and illiteractestaer languages in order to develop

a shared understanding of a common South African culture.

2.1.5.1. Assumptions of Social Constructivism Parad igm

Kim (2001) raises specific assumptions about social constarmiiwvhich include reality,
knowledge and learning. Social constructivists believe thatyresaconstructed through human
activity where members of a society together invent the piep@f the world (Kukla, 2000).
Thus, reality cannot be discovered as it does not existtprits social invention.
Constructivists also believe that knowledge is a human prdlelaicis socially and culturally
constructed (Gredler, 1997). Individuals create meaningghrtheir interactions with each
other and with the environment they live in. Learning isréfore, a social process. It does not
take place only internally, nor is it a passive develagiroébehaviours that are shaped by
external forces (McMahon, 1997). Social constructivist persfscon teaching and learning
emphasise the cognitive and social activity of learnets-{oonstructing their knowledge
(Taylor et al., 1997). Meaningful learning occurs when individuals are engageakial

activities (Fennimore and Tinzmann, 1990).

2.1.5.2. General Perspectives of Social Constructiv  ism on Learning

Social constructivists see as crucial both the contextioh learning occurs and the social
contexts that learners bring to their learning environmemh(RD01). Gredler (1997) raises
and discusses four general perspectives that inform lgantirch are facilitated within the
framework of social constructivism. These include theaigegnitive tools, and complex and
relevant tasks that include important concepts froferdint disciplines (idea-based
construction); knowledge, meaning and understanding from diffpegapectives that emerge
during learning activities (emergent construction); anceigored relation between people and

their environment (situated cognitive constructivist focus).

2.1.5.3. Social Constructivism and Instructional Mo dels

Learning models based on the social constructivist perspetiss she need for collaboration
among learners and with practitioners in the society (aadeWenger, 1991; McMahon,
1997). Lave and Wenger (1991) assert that a society’s prdatimaledge is situated in
relations among practitioners, their practice, and the lsaganisation and political economy
of communities of practice. For this reason, learningishimvolve such knowledge and
practice (Lave and Wenger, 1991; Gredler, 1997). This has saptifimplications for the Web
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as a medium of communication. While it may not be highlgratdtive in a physical sense, the
Web has strong potential for social interactivity. Doal of this type of approach is the
achievement of 'virtual communities' of learners on themretavorking in small collaborative
groups to achieve a common goal (Dillenbourg and Schneider, T9f#5)lesign and
development of the two microworld games understéddgarh andyKhoz, were informed by

the theories of constructivism and social constructivism.

Traditional Internet communication tools such as e-mailsgesups, Internet Relay Chat, and
Multiple User Domains offer both the rapid synchronous commatioit of normal speech as
well as asynchronous interaction which may help to promaobere reflective metacongitive
approach (McMahon, 1997). With the use of Web browser plug-insendr software such as
Ichat, such facilities are now becoming available incaentohesive form on the Web.
Examples of learning through communication can be seeonimercial environments such as
TopClass (WBT Systems, 1997) which have no actual content daderthe functionality

required for real-time communication and collaborativenieay.

Within the social constructivist paradigm, the determinatidevels of interaction between
learners is important, particularly where learning is doneugh VLEs. Therefore, the
subsequent section tries to interrogated the notions @ sapital and social networks, and the
position of each learner within the IT led learning comnyudiohn and MacArthur (2000)

argue that higlsocial capital is crucial for creating successful virtual learning emvnent.

2.1.6. Social Capital and Social Networks Analysis

“Our position in this review is that constructivism emergesof interactions in a virtual
community and a social constructivist epistemology underpmsi¢velopment of social capital
in virtual communities” (Daniedt al 2003)Two important concepts sidcial capital andsocial
networks are rapidly gaining recognition in computer mediated environntergsplain
relationships individuals create in pursuing their common istgr@cial capital is an

imprecise social construct which emerged from an uncoordimaig unclear terminology, but
it is useful for exploring culture, society asatial networks (Danielet al., 2003).Social capital
refers to those features of social relationships, ssamterpersonal trust, norms of reciprocity,
and membership of civic organizations, which act asuregs for individuals and facilitate
collective action for mutual benefit (John and MacArthur, 208@)ial capital creates value for
the connected people, although at times, the benefits okl tio those unconnected (Putnam,

2000). Putman further states that the best way to crigai@cant change in a community is by
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enhancingsocial capital which allows people to resolve their collective problemeugh
cooperating with each other. However, Daetal. (2003) caution that communities, which
display highly cohesive forms of social capital are not rezzdg beneficial to a society. They
argue that in multicultural societies, where theredg@ine in the national political culture,
people are closely affiliated to communities but payectobal, ethnic, or political allegiances
to their own groups rather than national interests. Intsti@refore, acial capital is a process
that highlights the importance of personal networks deeel@ver time with the idea of

responding to a variety of society’s problems, includinge¢hexperienced in education.

Social networks are communities founded on what people do together ratemthere they
live with others (Wellman and Gulia, 1999). There is a gdnerderstanding that these
networks are built out of specific societal need. In them&tion of theseocial networks, the
cultural background of members is important becausdiiteinEes networks’ characteristics,
contents, and structures (King and Waldegrave, 2003). Datraiel(2003) posit thasocial
networks can bridge cultural differences by building a common identityshared
understanding. According to Amory (2005), recently there has é&e@psurge of on-linecial
networks such as Orkut (www.orkut.com), Friendster (www.friendsten), Tribe.net and
LinkedIn (www.linkedin.com). It is through nurturing and proroatof thesesocial networks
that appropriate learning can take place. Through the buitdisgrial networks in cyberspace,
the notion of social constructivism, in particular, collaime learning is given prominence

with emphasis on active exchange of ideas and promotiamtioftthinking (Garrison, 1997).

John and MacArthur (2000) identified two major forms ofuattlearning environments,
resulting from the social capital, namelytual learning communities (VLC) anddistributed
communities of practice (DCP) with the key difference being the nature of memberisleintity.
The VLC is a group of people who gather in cyberspacetithintention of pursuing learning
goals (Daniekt al., 2002), while the DCP refers to a group of geographicadlyiduted
individuals who are informally bound together by shared eggesind shared interests or work
and collaboration is their most important shared attaristic (John and MacArthur, 2000).
Although, most individuals in VLC often hardly know each othleose in DCP are well known

to each other.

There is a need to understand networks and their partisipg evaluating their locations in the
network (Krebs, 2004). These measures help to determine thetémpe, or prominence, of a
person in the network. Amory (2005) states that the uSeotdl network Analysis (SNA)

methods could provide a mechanism to investigate or tesitre social interactions in learning
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environments. Involved in the SNA are the mapping and measurthgs# normally invisible
relationships between people, groups, organizations aésjicomputers or other
information/knowledge processing entities (Krebs, 2004). Banabad Krebs (2002) contend
that in analysing the flow of information within any netk, SNAs may reveal that people who
are supposed to be key to organisations are isolated aminymous workers hold powerful
influence. Krebs (2004) further elucidates that SNA toolé siscinFlow can map and measure
teamwork, communication, information flow through the ofsthe three most popular metrics:
Activity, Betweenness andCloseness. A synthesis of these concepts is given by Krebs as below:
(i) Activity: Social network researchers measure network activity favde by using the

concept of degrees, that is, the number of direct comnect node has. The most active node in
the network has the most direct connections to it. Howyéngh level of activity does not make
any node (person) more important than the rest as thigbé be people from the same network
(or business). (iiBetweenness: This node has a big influence over what flows in the network
even with few direct connections. However, the problemaisttiis node, being in the middle of
at least two networks is a single point of failure. Withihig node, some people in the network
would be cut-off from the information and knowledge. @pseness: Where two nodes in a
network have shortest paths to all others. However, ewtrfewer connections the pattern of

their direct and indirect ties allows them quicker actesghers in network.

The concepts adocial capital andsocial networks are all crucial in virtual learning
environments as they allow the formation of learning commuriiased on mutual goals. With
SNAs, the nature of interaction within these communaadd be measured to determine

whether the relationships are of benefit to all learners.

In the mid-1990, in an endeavour to reconstitute the curriculuchvdmbraced the democratic
tenets and norms, the South African government argueddfabbls could be harnessed to

support the introduction of the new curriculum. Margules (1998, sa

“Those educators and developers favouring the constisi@pproach have sought to tap
the computational power of modern microcomputers anddseociated technologies, to
create an environment in which learners can experiertcdearelop sophisticated ideas
from a variety of domains”.

The two concepts aocial capital andsocial networks could play a major role in the South
African academic environment in that learners locatedffardint areas would be able to form

their own communities of learners striving for a spe@feal through collaboration.
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2.2. CONCLUSION

Over the past 10 years, there has been a greater aceeptdme constructivist model of
learning and this is especially useful in environments tgpart dialogue and conversation
using new technologies. It is often argued that in a post-madearld there is a need for a
curriculum that engages students in learning as activeipartis in acquiring their own
knowledge. Also, the instructivist theory does not sufficieatlgress the development of
cognitive skills of learners nor provide space for learreepatticipate actively in knowledge
acquisition. Constructivist theory, however, in its many®allows learners to participate
constructively in their learning endeavours by constructing tveir knowledge. Therefore, this
research is strongly founded on the pillars of constrigctiyparticularly social constructivism
with an emphasis on social activities and culture. SiEsequent section investigates the role
and the effectiveness of ICTs in the promotion of learnmbaagues that ICT can only be

successfully integrated into classroom practice bassg@al constructivist pedagogies.
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CHAPTER 3
INFORMATION AND COMMUNICATION TECHNOLOGY IN EDUCATI ON

3.0. INTRODUCTION

The relationship between society, educational practideéeninology are complex.
Technological advances have often out-paced human abistctally absorb and effectively
incorporate new technologies (White, 2003). This is also tuthé use of technology as an
educational tool. Today, society is undergoing a transfoom&tom the industrial age to the
information age which is having a profound impact on bothstigt and academia (Edgar,
1999). In the industrial era people depended on transportrsysteget people and paper to
places where business was conducted. However, society now depam@dsn
telecommunications to move information to where it is ne¢défin and Rajasingham, 1995).
Where communication was once based on paper transactiofexcarid-face meetings in
rooms today, with the use of ICTs gathering pace, sortieutiens are beginning to advocate
paper free office environments. The ICTs affect all prazseas the centre of all of social life
such as social engagement and isolation, community boundaddsonds, relationships
between the advantaged and disadvantaged, citizen involvendsrhocracy and the
accountability of elected officials to the public (CIT201). Therefore, these technologies have

changed the way people learn, work, live, and commun{datees, 1995).

ICTs are also impacting education practices where theyrnatvenly affected the skills that
schools and universities must teach students but have digonedaoth the relationships
between students and teachers and the nature and bosmdateEssrooms, schools, libraries,
and universities, and the practices of education. Thedsitrg role played by ICTs in the
development of society calls for an active reactiotiéochallenges of the information society
(Danish Ministry of Education, 1997). Today, IT is beconmimgsion-critical’, a central

foundation to the future of higher education (Edgar, 1999).

In the same way that writing managed to do away wihlastory in many parts of the world,
computer technology is slowly pushing away the power of print tecgp@ind the dependence
on the textbook, which is linear in both the content and de8igrting began the long, slow
disestablishment of the face-to-face community of peopleall knew each other, and every
communication technique introduced since then has furthleaggrocess” (O'Donnell, 1995).
The ICT environment, however, has established a new edudatidea where functionality is
based on nonlinear modes of navigation and formal educat@rasnount. The Southwest

Missouri State University (2000) states that this treorsirom industrial to an information-
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based economy made possible by information technologies, dethah@4 st century workers
be equipped with skills to use and adopt these technologigb@ndngoing charges. In the
new information based economy, the success of any organisallicdepend in some part on its
ability to leverage information and information technologiesuch a society people should be
able to select, arrange, manage and use those sourcé¢s. aftdses, powerful tools such as
networked computers are going to be important in the tramatmn of human communication
(O'Donnell, 1995). Therefore, in a society becoming incnedsidependent on information and
the processing thereof, great demands are placed on indsvidhalshould have a solid and

broad educational foundation.

The days of considering technology simply as an enhanceordhifinstruction of students, a
tool for computational academic scholarship, or the meatteetefficient operation of the
institution are past (Druker, 1994). Druker further contendsttiere are demands in the IT
based society for workers who are different from thdgheoindustrial age in that they have the
formal education and have the desire to continuously.|84mese demands create serious
challenges within the educational sector to provide wonkbiscan function in the new
information society. Therefore, the challenge facing higldercation is to prepare for this
future and to provide a technology-rich environment where studentsbtain the continuously

changing knowledge and skills needed to shape that future (EOG&),

Regarding storage and utilisation of information it caséden that at one time people were
required to memorise all information needed, books were iegdntstore a large body of
information but now, books are giving way to computers and efletronic tools as storage
systems (Underwood and Underwood, 1990). The ICT environment is apfgdprinew
forms of learning which support the needs of children disatdgad by the traditional forms of

instruction still dominant at the turn of the®2dentury.

In this chapter the relationship between learning and teogynad explored in order to better
understand such relationships, to provide a theoretical aakdjto the technological choices
that are part of this thesis and understand the relationsétipgen educational theories,

practices and technology.

3.1. IMPACT OF ICTsON EDUCATION
Many schools of today were designed to prepare peopldédon lan industrial society (Tiffin
and Rajasingham, 1995) but the problem is that we in SouiteAive in a period of transition

between an industrial society and an information sackasire (1973) perceives as an
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intellectual challenge the transition from the old paradigtiteaching as telling” to the new

paradigm of “lifelong learning”.

“If men are unable to perceive critically the theroBtheir time, and thus to intervene
actively in reality, they are carried along in the wakehange... Lacking... a critical
spirit... man cannot perceive the marked contradictions witchr in society as
emerging values in search for an affirmation and fulfilnobash with earlier values
seeking self-preservation... This shock between a yesterdiah is losing relevance but
still seeking to survive, and a tomorrow which is gagnsubstance characterises the
phase of transition as a time of announcement and afidezision. Only, however, to
the degree that the choices result from a criticatggion of the contradictions are they
real and capable of being transformed in action. @higidlusory to the degree it
represents the expectation of others” (Freire, 1973)

This change illustrates the change in thought and the acknowledgef capabilities of people
to make their own informed choices. Forsyth (1999) in concuwitigFreire maintains that
without a critical mind the potential for people to papiate in change and determine their
future is limited to the options offered. They do not héeegotential or the chance to
contribute or to be proactive in the process of change. The hW&ve been at the core of this
transition where computers are increasingly being used adiamm#or the delivery of teaching
and training; supporting, supplementing or replacing facede4{tarning. The use of
computers offers significant advantages over traditionahteg, for example, by providing
organised access to many types of resources, moreléeelivery structures and new learning
opportunities (Milligan, 1999). The advent of the Internetdlas opened other opportunities
for delivery of content using computers. Forsyth (1999) sedstitrmet as a tool for teachers
and learners to use for accessing information which chahgesle of both teachers and
learners and a source of information. This significadbignges the role of teachers who in a
face-to-face course delivery has been the source of knowlddgever, Forsyth argues that
the Internet does not change their expertise but changes thieeyagperate and the skills they

need.

3.1.1. The Technologies and Usage

Educational policy in the information society must ensuaé ¢ach citizen has an active and
critical attitude to developments and not passively all@hrielogical development to set the
pace (Danish Ministry of Education, 1997). Therefore, thezevade-ranging debates in
academia about the role of technology in education (Edgar, 108§ar contends that IT has a
comparable impact to that of the printing press in the 15ttune Even though IT has
revolutionised change in all aspects of teaching, most @a&hstill done in classrooms, by
teachers physically present, using blackboards and chektispoks, frequent examinations

written on lined paper or blue books (Ruth, 1997). Greenberg (2384j)ts that there are three
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competing camps of academics, researchers, and pracstwaeking in the field of IT: (i)
adherents who claim technology improves education; (ii) oppomdrdshold that technology
degrades education; and (iii) those who hold that there sgnificant difference — saying that
technology per se neither enhances nor harms the business ioigebiowever, technology
itself can have little impact on the actual learningh(itetogy is a neutral agent) but rather it is
the use of technology that fosters a specific philosophpgabach. Irrespective of one’s
position, however, these authors agree that IT has opepedtanities for institutions of higher
learning to offer their courses on and off campus and linatchanges have been taking place
in the last two decades of the twentieth century with @gtutal institutions and academics

trying to leverage the promised power of IT.

3.1.2. Cyberspace

The explosive growth of the Internet is indisputable althatsgsignificance and effects are
contested. Increasingly tools such as World Wide Web (W\&&jncorporated into courses.
The ability to use multimedia is emerging as a basitwekich all university graduates must
possess in the 21st century (Edgar, 1999). The use of the \WS\AN instructional tool has
gained momentum as more teachers, instructors, andgrameerporate it into their repertoire
(Mathew and Dohery-Pairier, 2000). It is argued that WWiémvused appropriately: (i) can
enhance student learning; (ii) allows learning facilitatong to spend with students working in
small groups or one-on-one; (iii) reduces repetitive tegdaisks; (iv) reduces paper flow and
management; and (v) provides improved instructional mate8&lsients who use technologies
such as WWW, Internet, CD-Rom, audiocassettes, touekrsenultimedia training,
autodidactic teaching systems for learning spreadsheddagmbase programming, appear to
perform better than those exposed to traditional ingtitatimethods (Ruth, 1997). However,
many of these arguments are based on the instructivist ohdelrning where technology is

seen as tool to provide instruction rather than one to suppae! constructivist philosophies.

The Vice Chancellor of Melbourne University said thatdheatest universities of the 21st
century will have geographical locations but will also operatgberspace (Taylor, 1993).
Cyberspace cannot be understood simply as an efficient toohwhunication but as a social
space which stimulates new forms of interaction, helpsstructuring and forging new
identities, and produces new relations of power, for exarbptejeen teachers and learners
(Usher and Edwards, 1998).
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Cyberspace is having a great impact on the traditional§@f education as it questions the
actual foundation of education. For instance, Lankséear (1996) when talking about
restrictions placed on the learner says that educatiamaxiernist institution is characterised
by the ‘spaces of enclosure’ of the book, the classroonthenclirriculum - spaces which work
to enclose meaning. The learner’s task is then one @fatixig a singular canonical meaning

and the teacher’s that of being the ‘authority’ in teohterpretation and accuracy.

Cyberspace, calls all these spaces into questionxihedind stability of the word, the linear
text with definitive meaning, and the teacher as authéthiearer of meaning. In cyberspace
learning, rules are more egalitarian, purpose-drivefijmsposed and self-monitored
(Lanksheaet al., 1996). This statement supports the assertion made by Fé&aleg(s995)

who contends:

“Cyberspace creates a reader-controlled environmeattleast an environment where the
distinction or boundary between readers and writers beclas®eslear and consequently
textual production and interpretation become less boundeaekarners are more able
to determine their own paths of learning where thegatasimply interpret pre-given
meanings but actively collaborate in its creation. In cyiece practices, meanings are
more readily negotiated by its users”.

The existence of cyberspace seems to signify a quegjiohiraditional educational systems
founded upon ideas of centre, margin, hierarchy and lingaiitgre notions of multi-linearity,
nodes, links and networks seem more appropriate (Usher aratdgw998). With this, comes
the need to re-think pedagogy in terms of multiplicitymofitiple paths and non-linear forms of
learning and teacher-learner transactions. This wadthdo suggest more opportunities for
learner-centred pedagogies in shifting from teaching toileg. What cyberspace does is to
change the way teaching and learning is carried oureddtines the roles of teachers and
students. The teacher-student relationship is also recoafigince potentially all can be
‘experts’, given the abundance and availability of infororain the sites and networks of
cyberspace (Lanksheetral., 1998). The changes in teacher-student relationship inevitsdudy |
to a change in their roles too. The need now is to leannto access and use information,
although this particular role is one that teachers may loesteaire with learners given that the
latter may often be more knowledgeable and skilful in cjere environments (Usher and
Edwards, 1998).

The availability and accessibility of information malgo help release teachers from their
traditional role as providers of content to that of mgkihe learning process explicit and
transparent, for example, by helping in the framing of questaoid ensuring that learners

critically interrogate information encountered in cygdpace. In cyberspace, the disciplinary
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distinction between knowledge and information becomes diffioumaintain (Usher and
Edwards, 1998). ‘Legitimate’ or ‘worthwhile’ knowledge becortied information used in the

self-directing and self-monitored practices of cybersgagetual communities.

In summary, information technology in particular cybersphas opened up the field of
education and has provided a foundation for a new parati@ntreats both learners and
teachers as active participants in the process of educ@iiemew paradigm can be understood
through the emergence of virtual learning environments wheus feanoved away from the
teacher as the central authority responsible for vatiglgained knowledge. There is a need to
investigate thoroughly how this pedagogic shift helps to enheshegation received by learners.
Therefore, the next consideration will be on the paradigfhialpedagogy from face-to-face to

interactive learning.

3.2. FROM FACE-TO-FACE TO INTERACTIVE LEARNING

Computer based technology has been at the forefront of many sharegkication resulting in

a conspicuous shift in teaching and learning. Schoolsyaveng from traditional forms of
curriculum where print and classroom are central towanti®re interactive learning dominated
by new media technology. This shift was first articulatethe early 1960s by Herbert Marshall
McLuhan who saw the problems of the traditional school asditkéhe shift from a
“mechanical age” characterised by fragmentation, spsatan, and sameness to an “electronic
age” characterised by wholeness, diversity and, abowe @dlep involvement (Meyrowitz,
1996). McLuhan incensed many academics by suggesting thabties mof thinking, behaviour,
and social organisation spawned by printing were not natuealerlasting, and that their five
hundred years of increasing influence was ending. In thied) States, change is seen as one of
the driving forces in the expansion of distance and virtuathileg: change in pedagogical
thinking, change in the communications infrastructure througheutountry, and change in the

capacity and functionality of ICTs (Dirr, 1999). Thishisw these changes are seen:

“The old classical model of the university where datship and learning is pursued for
its own sake is fast becoming an anachronism. Post-medeigty has lost faith in the
grand humanist narrative of education which is pursuettsfantrinsic value. Instead,
government, employers and students are asking what educatido &@ them. They are
concerned about the capability of university graduatdsxahabout how well ‘educated’
or socialised they are” (Luckett, 1995).

Hence, there is a push today to design a curriculum apm@itakihe ICT world, that is,

education with practical meaning. Fothergilbl. (1987) argue:
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“If you were to be in any school in five years timmiyshould find children learning
about and being prepared to live, in a society in whiclicdsvand systems based on
microelectronics and associated technologies were coplatmand pervasive, and
where these technologies may have altered and be gltheimelationships between
people, and between individuals and their work”.

This change is a direct consequence of education ldeedCTs. There is nothing new about
teaching with technology but what is new is the end of aagegof relatively stable
technological relations (O’Donnell, 1995). O'Donnell contendsdhatnstitutions have long
emphasized the autonomy, the authority, and the self-reliafritie teacher in the classroom but
we now live in an age when the isolation of the classrodoresking up and disappearing. This
is the end of an era which has been dominated by prirthergawn of the new one dominated
by ICTs. Chowet al. (1993) discusses these two paradigms, (i) traditional (mpdehool and

(ii) the virtual (post-modern) school.

3.2.1 The Traditional (Modern) School

The traditional school is based on the traditional theokgaxthing and learning. According to
Luckett (1995) the traditional model or paradigm has been véyidascribed as ‘curriculum as
prescription’ (Goodson, 1994), didactic model (Rowland, 1993), irnginad model (Jenkins
and Walker, 1994), or as ‘curriculum as product’ (Grundy, 198Qu@tal. (1993) argued that
classroom education is structured to allow a single tedlbability to manage a group of
students where each lesson occupies a specific amoumiechnd allows subjects to be divided
into units and study is therefore, a sequence of;ymitgress through stuffy units is regulated
and takes no cognisance of learner needs; and learningagistd around the authority of the

textbook and excludes the life experiences of students.

McClintock (1996) asserts:

“Traditionally, the school and the classroom hawnbglaces where teachers and
students are isolated from the general culture and whierenation and ideas have been
relatively scarce — the textbook is a meagre selecfiovhat a field of knowledge
comprises, a skilled teacher is a bundle of ignorasletive to the sum of learning, and a
school library a sparse collection at best”.

Although the newly introduced C2005 in South Africa is tryimgriove away from the
instructivist practices of the past, the traditional pegrachas been the dominant teaching and
learning paradigm in South Africa for centuries and moewgy from it is not easy,

particularly for teachers who are so used to such practice
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3.2.2. The Virtual (Post-Modern) School

The introduction of virtual learning spaces in the virtugbast-modern school brought changes
in the teaching profession (Cheual., 1993). Differences in access between traditional and
virtual learning are highlighted in this manner, “In our extehpiesent, the educational
problem changes profoundly, shifting from stratagems for diglgiscarce knowledge to
finding ways to enable people to use unlimited acce¥etoesources of our cultures”
(McClintock, 1996). The emphasis on student inquiry introsl@tements of unpredictability
and disturbs any possibility of the routine in the edocalidiscourse. Responding constantly
to questions emerging from students' experience, teacHers-assume the Socratic mantle
and reverse the progressive de-skilling the profession has undeigoa¢he Industrial
Revolution (Chouet al., 1993). Chou and colleagues table the following charactaristithe
virtual learning school: Learning, supported with ICT, atetplace independent of time and
space; learners are able to gauge their own progress thiwitgarning tasks and can
undertake their own investigations; learning design followsralinear model; and learning

includes the exploration of information other than jusb@book:

“New media alter the ways of knowing and the opportuniteparticipating in the
creation of knowledge. Multimedia, and its extension itugl reality, is not merely a
glitzy vehicle for edutainment hype. It is an epistemoldbidateresting development in
our culture. ... Multimedia make it increasingly evident tha work of thinking can take
many forms — verbal, visual, auditory, kinetic, and bleofdsl| and each” (McClintock,
1996)

It appears that these two paradigms (Modern versus Post-ivieeseilt from two dissimilar
historical eras influenced by the different technologied learning theories. While the South
African government has embraced a post-modern paradigm thitegtiroduction of OBE,
little attention has been made on the use of technology to sugmb teachers and learners

cognitive development.

It is not easy, however, to define post-modernity theory means different things to different
people. Post-modernism could be traced back to the Ranegsperiod but became more
concrete during the European Enlightenment era of thed@ early 28 centuries (Klages,
2003). Post-modernism is more of a critic to the notion of rmityewhich supports “objective
knowledge, or the possibility of objective knowledge, by its assomgtat such knowledge
refers directly to an objective reality which woulaspaar in the same way to any observer”
(Lemke, 1994). In contrasting the two concepts, Lemeketagbat post-modernism denies the
presence of ‘objective knowledge’ as it recognises that knowlsdgade through language

and other cultural resources of a particular culture, wimght be different from culture to

33



culture and even within groups. Therefore, post-modernityheary that espouses multi-
pronged approach to learning and acknowledges that there absalate truths and or

objectives because different cultures can see, and reake ef the world different ways.

It is acknowledged that the information and communicatigoluéion influences concepts such
as post-modernity where ‘isolate individual worldviews’ are naweareasily discussed in open
and dynamic environment. The question for educationists istose the power of ICTs to
support multiple worldviews and non-linear learning models. Tkhegeetion explores the use

of virtual learning spaces and educational games.

3.3. VIRTUAL LEARNING SPACES

The previous sections gave an overview of the opportunities pcblideechnology and made
available to education. One of those opportunities opened WpTisyis that of providing

learning in virtual space. The growth of the Internet andbed Wide Web, in particular, are
attracting the attention of tertiary educational insiiins worldwide. This could be seen in the
increasing number of distance education courses beingafie this medium (Pagram and
McMahon, 1997). Electronic material are significantly legseasive to produce, update and
access than those in printed form as these have t@lmElveed in multi-copies for wider
distribution and access (Ekluetal., 1996). These reasons, combined with the cost savings of a
‘virtual campus' in real estate and contact time fouttieersity, are leading to the Web being
seen as an effective alternative to traditional fada¢e modes of education. It has been argued
that students do not like to learn at a distance (SiomQri997), but the convenience and
flexibility of an external mode of delivery for those Wwhusy life styles is making distance
education an attractive proposition for many prospectivdesits (Truman, 1995). Experience
however, indicates that this promise may not be true a®tireptualisation and development

of such resource is complex.

3.3.1. The Notion of the Virtual Reality

The phrase virtual reality has its origins in the dgwedent of glide simulators for training, it
emerged as a distinctive area of computer interfacesppilidations in the 1980s (Rheingold,
1991). The term ‘virtual’ was coined by Jaron Lanier, dn@ developers of the first
immersive interface devices (Hall, 1990). In the past decade there emerged a set of
educational technologies called virtual realities (Hedsel Roth, 1991). Other terms such as
virtual world, virtual environments, and cyberspace are usgtbéal terms to identify this

technology (McLellan, 1996). However, Wheeler (1991) argues tttaalenvironment is a
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more appropriate term than virtual reality. Virtual oftlmotes the computer generated
counterpart of a physical object: a “virtual room”, @&twal glove”, a “virtual chair”, etc.
(McLellan, 1996).

Definitions of virtual reality (VR) evoke a feeling of immén, perceptual and psychological
sense of being in the digital environment presented toetises (McLellan, 1996).
Furthermore, VR provides a degree of interactivity tlwssgoeyond what can be found in
traditional multimedia programmes. Jacobson (1993) defineasvdRclass of computer-
controlled multi-sensory communication technologies thatathore intuitive interactions with
data and involve human senses in new ways. Jacobsornaay$tcan also be defined as an
environment created by the computer in which the user feelenseah in the present. The
virtual world is interactive as it responds to user’sagctFor example, with a virtual world one
can go anywhere and explore any point of view. The sense ehpeesr immersion is a critical
feature distinguishing VR from other types of computer apjioa (McLellan, 1996). Virtual
reality provides a developmentally flexible, interdisciphy learning environment (Bricken,
1991).

Virtual reality supports hands-on learning, group projeatisdéscussions, field trips,
simulations, and concept visualisations, all successstiuctional strategies. McLellan (1996)
asserts that VR appears to offer educational potentidhe following areas: data gathering and
visualisation, project planning and design, design of interactugng systems, virtual field
trips, and design of experiential learning environments, ar/more. For effective learning

there is a need for properly designed virtual learning envieotsn

3.3.2. Virtual Learning Environments (VLES)

Internet technology has developed as a tool which incogsonaits repertoire compressed
graphics, audio and video files, which are useful to medening environments interesting and
entertaining to interact with. Hence Truman (1995) ardusscompression technologies
combined with improved computer speeds at reduced costsa&ing access to interactive,
multimedia instruction readily available to the desktosupport, Klingenstein (1998) asserts
that the delivery of content is an important componenirafal learning but the delivery of the
atmosphere, the nurturing of inquiry and the building of a conitof learners is equally
critical. In order to provide learners with the environméat enables learning different
institutions have tried to build their own learning spaBegpending on their view of a learning

space, different institutions have different views on whiatand how it functions. For
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example, virtual learning takes place on the Internet whitloves the ability of students to
raise their hands to ask questions (Alberta Governri®86). Email and conferencing software
replace the traditional question and answer model butdbotlents and teachers need to realise
that feedback is not instantaneous. Amory (2000) in thegtirdgEument of The Virtual
Learning Space (VLS) project of the University KwaZulu Nateludes among others, learning
through games. Amory (2000) argues, “The successful useluidlogy in the classroom
requires the development of learning environments based onmedigrational theory”. These
examples illustrate that because virtual learning is basédchnology its success depends on
the technology used. Klingenstein (1998) in describing this axperately contends, “Almost
all pedagogy conceived under the rubric of virtual learniegseo leverage information
technology and so requires the implementation of powerfuleatlly accessible computer and
networking systems”. Alberta Government (1996) explains Heaétfectiveness and efficiency
of a virtual learning system are determined by the ddgresich it adheres, but not
exclusively, to the principles that, the learner is #at@ of the learning system, and the soft
and hard infrastructures are well integrated to prosesenless access to services and

technologies.

Therefore, the ICTs have made it possible for institgtiomprovide virtual courses in virtual
classrooms. The virtual classroom has characteristiashvare different from those of the
traditional classroom. These characteristics by their nature change the relationships
between students, teachers and institutions. The vetasdroom environment is always
available; is flexible and therefore can support unstructiegething activities, collaboration and
small-group discussions; and requires a live facilitab@uide, support and initiate learning
(WIT, 2000)

Coupled with a need to help deliver content in a virtuahieg environment (VLE), is the
guestion of how technology can provide the broader environmensthatessary for effective
learning. Virtual Learning Environments are software sgster packages which are used to
support learning and are Internet or intranet based {{Batad Liber, 1998). According to these
authors, learners and teachers both have similar viethe system but tutors have additional
tools and privileges that allow them to add materialstereonferences and track students’
progress. In a few cases students have areas for cdivetbat is private from the tutors’
view. VLEs include notice-boards, course outlines, esmaifference tools, class lists and
homepages, assignments, assessments, synchronous collaliocddiomulti-media resources,
file upload areas, calendars, search tools, book-markingsaamnghtional models. A large

number of education and commercial VLEs are availalbear@ercial VLEs are: WebCT
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(http://www.webct.com), TopClass (http://www.wbtsysteromy, Virtual-U
(http://www.vlei.com), Blackboard (http://www.blackboazdm), Web Course in a Box
(http://www.madduck.com/wcbinfo/info.html), etc. Highleducational institutions VLES are:
ARIADNE (http://ariadne.unil.ch/tools/), CoMentor (httigomentor.hud.ac.uk/), CoSE
(http://www.staffs.ac.uk/COSE), etc. There has alsmlan increase in the availability of Open
Source systems such, Moodle (http://moodle.org/) and tlea Ogarning System

(http://www.ols.ac.za).

The VLEs gave rise to usage of different types of learmathods and helped to remodel
educational systems. Alberta Government (1996) uses the fotiawiteria to define virtual
learning environments:

0] They are created when distance, information and teleconcation are used to provide
educational services which transcend barriers of timdepéace associated with
traditional lecture-type teaching;

(i)  They are supported by a virtual learning system whicbngposed of two co-dependent
infrastructures: a services support network (soft infragtras which include educational
products, instruction, and learner services) and arretectnetwork linking learners and
educators with services (hard infrastructures whichugdekending, receiving and carrier
technologies);

(i)  They serve individuals and groups, facilitate synchronous (8amgand asynchronous
(different time) learning, and provide educational servigeish can be accessed from
homes, institutions, communities and workplaces;

(iv)  They provide opportunities for learners to increase ttetigipation in the management
of the learning process, often creating changes in tagamthip between teachers and
learners; and

(v)  They challenge educational organizations and bureaucraamesdify or remove formal
and informal restrictions which have traditionally liedtlearner access and institutional
responsiveness, e.g. transferability, geographic and progitzamungsdictions,

attendance and residency requirements.

Students are, hence, seen as the primary benefiadnNésEs. Consequently, the following
points summarise the main characteristics of VLESI@Xiblility of time and place, (ii) Easy
to cope with increased student numbers, (iii) Eashsoe and re-use, (iv) Enhance
collaborative work, (v) Central to student-centred leagn{vi) Helpful in reducing the

administration burden, and (vii) Enhance asynchronous learningnist All these features
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support social constructivist practices. The following seatitinnvestigate some of the online

course models which could be employed in the delivery of conaserial.

3.3.3. Models of Online-Courses

Mason (1998) proposed a simple framework for categorisirigeooburses as described below

which provides a basis for VLEs.

(i

(ii)

(i)

Content-Support Model: it relies on the separation betwearse content (which is
probably delivered in print or possibly now as a course paakadgjee Web) and tutorial
support (which in its simplest form is delivered by emalbernatively by computer
conferencing). It involves a low level online interaction andmaote than 20% of
student’s time.

Wrap-Around Model: these are courses which consist of tadate materials (study
guide, activities and discussion) wrapped around existingriakst (textbooks, CD-ROM
resources or tutorials). This is a 50/50 model because time amtieractions and
discussions occupy about half of the students' time, whilprddetermined content
occupies the other half. A wrap-around model could make usentfally written and
held materials but critically, some part of the learningld@ome through online
discussions and collaborative activities.

The Integrated Model: this is a resource based model wieurse is defined by
collaborative activities, discussions and joint assignmeemdsit relies on active learning.
The course contents are fluid and dynamic as they ayeyeadetermined by the
individual and group activity. The interaction is asynchroran not face-to-face.
Assessment of students’ work is very important. Btdfff and students are pro-active.
The educational approach is less pre-structured and mpansdge to students’

requirements.

3.3.4. Weaknesses of VLE s

Although VLEs are an important component of the new educdtmaradigm they too have

their own weaknesses. According to letal. (1999) these weaknesses include:

(i)

(ii)

Flexibility over time. Whilst VLEs have great benefits ytloan also create problems for
participants as it may be days, depending on the level oftgetithin an environment,
before someone replies to a question as people arethet@mvironment at the same
time.

Decision making. This can be difficult again due to téky over time and the notion

that everyone can have their say in this environment.
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(i)  Access to a computer and the Internet. This can hinderga®draccess is not available.

(iv) IT literacy. There is a need for a certain levelaghinical competence to overcome any
difficulties which may arise from accessing these enviromsnen

(v) The level of discourse. This may differ with the syst&or example, students would not
be expected to communicate in a ‘virtual café’ in the samethat they would in an on-
line tutorial. Sometimes these levels of discourse cat bdds as people continue in an

informal way in a more formal area.

Diversity University (1997) raises other weaknesses andsaly¥LEs: (i) require instructors
or supporting staff to research the available tools in vghatapidly changing area; (ii) provide
many different user interfaces for the instructor angipbsthe students to learn; and (iii) may
not provide for referencing and linking across materialfiftérent types that are accessed

using independent software applications.

Other weaknesses according to O’Leary (2002) could be puhimtweaknesses of technology
and weakness of usage. With respect to technology O'Leary (@@®s that virtual learning
technologies can become a ‘dumping ground' for materials sighee to be delivered online;
copyright and intellectual property rights (IPR) of metls need to be considered; off campus
access to hardware and networks can be problematic fostumtents and educators and this
can raise issues of equality in terms of accesgjiffadility legislation and accessibility to
online materials also need to be considered; there ischtaglan online support carefully to
avoid overload; and such independent learning still neells guided and supported for both
students and educators. O’Leary (2002) also argues teatéibased communication have
many technical problems. This idea is supported by Pag@@@d) who argues that since
communication in VLEs is largely text-based (although irgirggdy new systems support
multimedia), there is a lack of expressive non-verbal cuestvdnhance what is being said,
and in particular the way it is being said. For exampteo-conferencing systems cannot
simulate the conditions of a face-to-face situation bedaysertant variables such as body
space or eye contact are not properly transmitted. Alsgnomena such as de-individuation in
the sense of socially inadequate behaviour, excited and bib@thcommunication such as
flaming (insults, swearing, hostile, intense languageatgr self-absorption versus other-
orientation, and messages signalling status equalisatiprocoar. These systems, therefore, do

not create the same atmosphere of social intimacy egda@ace interactions.

Notwithstanding these weaknesses, VLEs are an impontagtral part of the new educational

paradigm. The work that is being done to enhance the quétiy different VLES spurs
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educators to put more effort in designing good qualityniegrenvironments for the benefit of

learners.

3.4. COMMUNICATION MODELS

Transmission of messages is another important tool vidicrely given a thought in the
instructional technology discourse. A number of communicatiodels try to explain how
information moves from sender to receiver. In 1949 Shannon aagéidesigned the best-
known model. In this model, a message emanates from an atfomsource and a transmitter
converts it into a signal or series of signals (Hawkrid@83). During transmission, noise may
be produced ‘noise’, that is, various kinds of unwantedference making it difficult for the

receiver to accurately decode the original message. Fo@20i@2) simplified this model as;

Suppose you have an idea in your head (information sohraeydu want to tell
someone about. You must first move the idea from youn bwayour mouth

(transmitter). Since you cannot actually share yoay gnatter, you must select words for
your transmitter to use. Once you speak, your voice dbigncarried through the air
toward the listener's ear (receiver). Along the wawprysignal is joined by a myriad of
other sounds and distractions (noises). The receieartikes everything it receives and
tries to maximum the message and minimise the noisdlyk-itee receiver conveys its
message to the other person's mind (destination).

The model was dominant until the early 1980s (Hawkridge, 1983)shademise was brought
about by simplicity and obviousness which portrays commtiaitas a linear action with a
beginning and an end, a source and a destination (TiffilRajasingham, 1995). It is noted
that, although Shannon and Weaver's work was very fartilelds such as information theory
and cybernetics, it may actually be misleading in the stfidhyyman communication. In this
model, communication is reduced to a question of trariagittformation. Shannon and
Weaver’'s model is a one way model, based on engineering (idiaekd 983) which, to a
certain extent, is appropriate for unidirectional modesoaimunication such as television and
radio. To convert Shannon and Weaver’'s model into a twom@del of communication a
feedback channel must be added (Hawkridge, 1983). This chanseintiude transmitter,
encoding, noise, decoding and receiver, all to deal withagesseturning from the receiver to
the sender. Besides being criticised as being too lineaus®dsaccounts only for the act of
sending and receiving, it is argued that this model isuitdble for information society as it
does not take cognisance of the two-way nature of computet basenunications interactive

in nature.

Another criticism levelled against Shannon and Weaver’s Inodgortant as it was when it

was first published, has been that it did not providetfercomplex nature of relations among
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humans. In fact, it is Wilbur Schramm'’s model of 1954 whielees greater emphasis on the
processes of encoding and decoding. It is misleading to dhithle communication process as
starting somewhere and ending somewhere because it isaedigss (Schramm, 1954). The
Osgood and Schramm circular model is an attempt to rematgeficiency. The model
emphasizes the circular nature of communication. The ipamis swap between the roles of
source/encoder and receiver/decoder. This circular modetdsrus that receiving a message is

not simply a matter of decoding, but also of interpretingitkessage.

Hawkridge (1983) suggested a model that could help to explainribidns of new

information technology. Hawkridge contends that this modet firgs be a two-way model -
with channels allowing for two-way traffic. Secondly, itishinclude all the functions and,
thirdly, it must show how these functions are integrdtihlly, it should also exhibit the
complexities of both human-human and human-machinettien. Bearing these models in
mind Berlo (1960) suggested that there are five verbal commiamcills divided into three
groups: the first group are encoding skills as found in ShaWeawver’'s model (i) speaking
and, (ii) writing. Shannon and Weaver proposed the secandttieh deals with decoding

skills called decoders (iii) listening and (iv) reading. Ted group is promulgated by Berlo, is
crucial to both encoding and decoding, and (v) it dealstiviibhight or reasoning. Berlo’'s

suggestion concurs with the notion of constructivism which is stggbby the new ICTs.

3.5. OTHER COMMUNICATION ASPECTS

In the 1980s and early 1990s a field of study emerged whiclcamggrned with intrapersonal,
interpersonal, grouped and cultural communication in classgettings. Although not much
research was done, classroom communication studied verbabaneribal (Hansford, 1988)
communication in the classroom. Given the potential of J@Tis important to determine
whether there is any communication system for learninghwibibetter designed to promote
equal participation, visual and literacy skills or othgrez$s of human endeavour. The
encouragement and nurturing of culture of communication neleel part of learning and be
supported at home, in schools and in other public institutidmes Internet and ICTs have
increased the capacity of individuals to generate and matgkihowledge, and to
communicate ideas and values quickly, irrespective of gpbgr distance (Allison, 2000).
Fischer (1998) says that workers can now communicate witothpany CEO by email
without having to traverse the chain of command, and stsi@eatable to access a wealth of
information on-line as well as communicate directly witir professors at any institution in
the world. Thus, ICTs have created spaces to allow ssipreof different opinions regardless

of people’s economic, social and cultural backgrounds. augsirs well with the theory of
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constructivism as discussed in the previous chapters. Thisrsowith certain understandings
of democracy, particularly in the classroom, which givenless their rightful place of
contributing to their own learning. If a person possessgsotarable amount of common sense
and experience, his own mode of laying out his existence ie#ienot because it is the best in
itself, but because it is his own mode (Mill, 1859). Therefcoegmunication is an important

aspect of the new school led by ICTs.

3.6. CONCLUSION

In this section the power of ICTs to open doors for lgafrieachers, and curriculum designers
for the provision of education that is learner centres elored. The potential of ICTs to
overcome both the constraints of time and space in orgepwide a learning space was
emphasised. That is, physical space and synchronieityalonger important elements for
acquiring knowledge. The role of theory in the acquiring of kndggewas also discussed. The
importance of the theory of constructivism as a provider afice to learners by allowing them
to participate actively is highlighted. However, Reested. (2004) argue that today the
development of collaborative online learning communities igandb with technology, but
much more to do the conceptualization of such learning envirosraadtthe methods used to
investigate the use of ICT in education. In the next chéip¢erole of computer games, which
could be viewed as a meaningful and interesting wantégiate ICT and learning, as a medium

for education and as a platform of communication betiesamers and teachers, is explored.
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CHAPTER 4
COMPUTER GAMES AND PLAY IN EDUCATION

4.0. INTRODUCTION

From the beginning of time games have always played aamtal part in the lives of people.
Games are always played to achieve a certain objectviirfately, with the changing times
and the emergence of ICTs and the strengthening of comgsuotethods of teaching games
have claimed a new status in education. This chaptedigduss this new role of games and

play in education.

4.1. THE ROLE OF PLAY AND COMPUTER GAMES IN EDUCATI ON

The emergence of the computer as an important tool agéida coincides with the current
perspective of effective instruction in which meaningfalfeng depends on the construction of
knowledge by the learner. However, the use of games and sonalat education is well
documented in history and in the recent literature. Tiaeye been used in preschool, K-12, the
university, the military, business, and by older adults (Deygsal., 1997). The different
historical events, such as the advent of the industrightate turn of the 20th century or the
impact of World War 11, all have had a tremendous inflgeme what a society’s citizens think
education should be (Rieber, 1996). In the 1950s, in thedU8ttdes, the use of games and
simulations emerged on the educational platform but the ad¥éme basic-skill movement led
to its decline (Gredler, 1996). Recent studies show thatthétlemergence of ICTs, the role of
computer games in education has gained momentum and isuzargly being re-evaluated
(Rieber, 1996). Rieber opines that it is surprising tret,ne of the most fundamental and
important aspect of human interaction has receivdittleoattention from researchers. It is
often asked whether play aspects could be combined wsittuation to enhance learning
(Randelet al., 1992). Play is part of the learning process and simulatdradventure games,
constructed as microworlds, could be used as viable edoabtools (Amory, 2001). Research
shows that many students enjoy playing games resulting iargyelof attitude toward the role
of games in education. The increased power and fleyilofitomputer technology has also
contributed to renewed interest in games and simulatered{er, 1996). Amory (2000)
stresses that the advent of computers coupled with sugeaiohnics has led to the explosion in

game software.

The concern with playing games has led educators to exlerfeasibility of using a game
format to supplement or replace the teaching of a vasfetybjects. Randet al. (1992)

maintain that even with this realisation of the impode of play not much research on the
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educational effectiveness of games has been undertakg@oiahdut that most recent
evaluations of educational software have examined chasticte of the games rather than
learning effects. In addition, Gredler (1996) observes tloat studies, which address games
and simulations, do not document the ways in which stud#etsct with the subject matter
and each other during a game or simulation. The weakh@ssst studies is that they compare
simulations to regular classroom instruction althoungir tinstructional goals for which each
can be most effective often differ. “The lecture metisdikely to be superior in transmitting
items of information. In contrast, simulations havepbtential to develop students’ mental
models of complex situation as well as their problem-solviregegyy” (Gredler, 1996). Gredler
says that games and simulations are often refeorad experiential exercises because of the
unigue opportunities they provide to students for interactitiy kmowledge domains. Games
are defined as competitive interactions bound by rulestieeve specified goals that depend on
skill and often involve chance and an imaginary setting (Rshiank and Telfer, 1980).

Regarding play Rieber (1996) argues

“In one era, play can be viewed as a productive and hateans of engaging children in
problem solving and knowledge construction, but in anotteeit ean be viewed as a
wasteful diversion from a child's studies... Perhaps mnggbrtant is the relationship of
play to achieving educational outcomes”.

Three forms of play were identified depending on the ty@etvity students get engaged in
and the type of tools they use: games, simulations, &rdworlds. Gredler (1996) in
differentiating between games and simulations mentiwasriain concepts which are important
in their analysis: surface structure and deep structlilesanalysis is based on the works of
Van Ments (1984) who defined the surface structure as the pemafhend observable
mechanics of an exercise, for example, drawing candsing pieces around the board, etc.
The deep structure refers to the psychological mechanismatiogeduring the course of the
event. The deep structure of games and simulations tramdapers (game) or participants
(simulation) to another world and are both environmentshiclwstudents are in control of the
action. For example, within the constraints establishettidyules, game players plan strategy
in order to win, and in simulation participants underiaédsicular roles or tasks in order to
manage an evolving situation such as managing a businessgminigsind managing research
projects on generations of generic traits. Computer simulatem$iave several instructional
functions, ranging from simple training devices for procedsk#s over purely illustrational
means up to the curricular introduction of subject mattéishydue to their complexity and
abstractness, could not yet be dealt with in educatianiiee, 1993).
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Within the realm of the deep structure Gredler (1996) expthmsdifferences between games
and simulations by arguing that games are competitiveisesrin which the objective is to
excel by winning. Players compete for points or other atb@which indicate that they are
outperforming other players. In simulations, however, paditdis do not try to win, but take on
either demanding, responsible roles such as concerneshsitizusiness managers,
interplanetary explorers, or physicians; or professitasits such as exploring the causes of
water pollution or operating a complex equipment systens. difaracteristic of simulations is

referred to as “reality of function”.

Another difference, although this is challenged by new coengames, is that the event
sequence of a game is typically linear, whereas a ationlsequence is non-linear. The player
or team in a game responds to a stimulus, typicallynéeat-related question and advances or
does not advance depending on the answer. This sequengeaitedsfrom each player or team
at each turn. In a simulation, however, participantsel eecision point face different
problems, issues, or events that result in large measumetiieir decisions. Gredler calls this
feature branching. Games also consist of rules that Hesafowable player moves, constraints
and privileges, and penalties for illegal actions.dntrast, the basis for a simulation is a
dynamic set of relationships among several variables thagelaver time and reflect
authentic, causal processes. For example, in diagmastidations in which the student is
managing the treatment of a patient, the patient’s sympigengral health characteristics, and
selected treatment, all interact in predictable wM@st games are computerised, whereas most
simulations are not (Randetlal., 1992). Therefore, these types of games and their inmoarta

to learning are discussed below.

4.1.1. Simulations

Simulation models a process or mechanism relating irfaurtges to outcomes in a simplified
reality that may not have a definite end point (Raetal., 1992). Simulation games are often
used in educational environments where students can focusrgieagoal (Amory, 2001).
Simulation usually serves one of two purposes: scientifedarcational and in both cases, there
are usually some inherent reasons why the actual systend stodule experienced directly,
such as cost, danger, inaccessibility, or time (Rjelf296). A simulation is any attempt to
mimic a real or imaginary environment or system (Alessl Trollip, 1991). A simulation is
determined by the content or domain it seeks to modekamglally judged on the basis of its

fidelity to the domain (Alessi, 1988). For example, moghtlisimulators could not be
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considered microworlds because many people would not conmgl dlogv they work. Several

characteristics of simulations are, however, relevatti¢ design of microworlds.

4.1.2. Microworlds

Another design artefact consistent with play is the constrsiadea of a microworld which is

“a small, but complete, version of some domain of inte@&tber, 1992). Rieber declares that
at first glance, computer-based microworlds are oftefused with simulations. People do not
merely study a domain in a microworld, they “live” the dameand this is similar to the idea
that the best way to learn Spanish is to go and li&pimin. Microworlds are found naturally in
the world or are artificially constructed. A child’s sitix is a classic example of a natural
microworld; given buckets and shovels, the sandbox becomesmevahd density

microworlds for the child (Rieber, 1992). In contrastifiaial microworlds model some system
or domain for the user. Microworlds have two importetmracteristics that may not be present
in a simulation (Rieber, 1996). First, a microworld préséme learner with a simple case of the
domain, even though the learner would usually be given thesmeaeshape the microworld to
explore increasingly more sophisticated and complex idea®n8, a microworld must match
the learner’s cognitive and affective state. Learners imredgiknow what to do with a
microworld — little or no training is necessary to begimgsi. This is in concert with the
constructivism theory. For example, no training is necedsarye child to use a sandbox.
Rieber (1996) contends:

“In a sense, then, it is the learner who determivtesther a learning environment should
be considered a microworld since successful microwoelgsand build on an
individual’'s own natural tendencies toward learning. €foge, it is possible for a
learning environment to be a microworld for one persombufor another”.

The dominant characteristic of microworlds is thatriess are expected to self-regulate their
own learning in a microworld (Rieber, 1996). Self-reguldéadning is when a person takes
responsibility for his or her learning and, as a resaltes appropriate action to ensure that
learning takes place. Zimmerman (1990) points out thatessifiing has three main
characteristics: (i) Learners find the environment tanbrénsically motivating, that is, they find
participating in the activity to be its own reward andhdbseek or need external incentives; (ii)
Self-regulated learners are meta-cognitively active amdédes actively engage in planning and
goal-setting and are able to monitor and evaluate theileavning progress; and (iii) Self-
regulated learners are behaviourally active in that ey the necessary steps to select and

structure the environment to best suit their own learningstyl
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Motivational researchers have offered the following charetics common to all intrinsically
motivating learning environments: challenge, curiosity,gaytand control (Lepper and
Malone, 1987; Betz, 1996). Although a simulation may be designedegandable simple
case of a system that appropriately matches a leaprésisknowledge and experiences, this, in
and of itself, does not satisfy the requirements ofregjfilated learning. The learner may not be
interested in choosing initially to participate in the\att or may not choose to persist in the

activity for extended periods of time at a meaningful |¢Reindelet al., 1992).

4.1.3. Games

Games offer many advantages as they have the potentegdt most, if not all, of the
characteristics of intrinsic motivation (Rieber, 199@gkRr goes on to suggest that games offer
an organisational function based on cognitive, social, atwdrabfactors all related to play.

They can be designed for both children and adults Wetlr @and simple goals but with

uncertain outcomes. The utility of gaming as a microwdesign tool goes well beyond its
inherent motivational characteristics. They also becomdels or enactments of real-life
dramas (Robertat al., 1959). According to this theory, games provide a sociatte@table

means of rehearsing the necessary skills and anxietianalyebe needed later in real life.
Anthropologists have long viewed games as one aspect @ssxpg culture, or of people
demonstrating their psychological dispositions (Rieber, 1996) eMenyplaying a game
successfully can require extensive critical thinking amtblgm-solving skills (Randet al.,

1992). There is an attraction toward a game which neeuks satisfied in order for students to
engage in meaningful play. Provost (1990) lists a numbditrdfiges of play as: usually
voluntary; intrinsically motivating, that is, it is pkarable for its own sake and is not dependent
on external rewards; involves some level of activity, ofieysical, engagement; and distinct

from other behaviour by having a make believe quality.

According to Gredler (1996) academic games should meeteguorements: First, chance or
random factors should not contribute to winning. Secondhimgnin academic games should
depend solely on the application of subject-matter knowledgergordtalem-solving skills and
advancement in the exercise should be based on acadetsicTdierefore, Gredler argues that
academic games should be used for such purposes as:ttogpaad/or refine knowledge/skills
already acquired, to identify gaps or weaknesses in knowtardgjalls, to serve as a summation

or review, and to develop new relationships among concepts iangp|[@s.
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Unlike most classrooms which are highly competitive, withvidual students competing for
scarce reinforcements (De Vries and Edwards, 1973) aradtpect of educational games is
their role in team building. Roberts (1976) while supporting sitimiagames contends that
their lack of competition allow students to explore or expent at their own pace.
Nonetheless, games that involve teamwork depend on the panoerf all team members,
and this introduces a cooperative task structure withimgeand increases the availability of
reinforcement. Again, the cooperative nature of gametsineiceinforces peer tutoring and

cooperative learning during practice sessions (Gredler, 1996).

The role of play in learning cannot be overemphasised assganméde an effective learning
environment. However, a properly designed game, which is catgem nature and
constructivist in philosophy, is of paramount importatckearning. Educational games could
be viewed as instruments that promote the use of modecatishal theories in the classroom
(Amory, 2001). This is fundamental as learners are expéetsahstruct their own learning.
Presently, the democratisation of the classroom andmegitaelf are major focal points that
need addressing by educationists. Amory further statesndrat computer games are not
developed by instructional designers and, therefore, inapatepor learning. This was also
previously observed by Vargas (1986) who realised that stidsintg computer software
encounter problems with computer games in both game mestamqrinciples of
instructional design. In many instances, the game mechgroblems include inappropriate
vocabulary for students, inadequate directions, lengthy &mtismulti-step directions with no
opportunity for student practice and inappropriate directionsinappropriate use of graphics.
Many game mechanics do not provide options for studentgtsbytasks that are too complex
or bypass items they are unable to answer. Therefoliel@sggned interactive and intrinsically

motivating games are paramount to good learning habits.

4.1.4. Weaknesses of games software

The weaknesses of games software have been cleaey tay many role players and

stakeholders in the educational games industry. The folloaveghe weaknesses and

shortcomings of many games software as eloquently exprbgge British Educational

Communication and Technology Agency (Becta) (2004):

(a) Itis often difficult to design epistemic games attiigat level of interest and challenge for
the user. Games may be too easy or too difficult to pldk,a decrease in motivation in

either case.
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(b) Games are not universally well designed and are subject getieric software problems of
a confusing interface, insufficient feedback for the aset illogical rules or constraints
within the game.

(c) Much games software is gender specific. Males and fensalem to prefer different styles
of games. Some games software is successfully markatgils. However, from the
players' point of view, it seems that while ‘female'saft is for girls only, ‘male’ software
is for everyone.

(d) Many games have a high element of violence. The role® gdayers adopt may require or
satisfy the need for aggression and extreme control se@@cguse there is no opportunity
for reflection on this 'behaviour' during or after thengaaggression and violence are
implicitly condoned and indeed seem essential.

(e) Many computer games are designed for single users ancbtlatoration may be entirely
superficial. Players may collaborate by taking turns, agiti;mg one another advice, but
this collaboration is not educationally effective. Theref there is a need for games
involving more than one player: multi-user interfaces andeshspaces to facilitate

collaboration, either synchronous (interactive) or asynclusno

To overcome the short-comings raised by Becta, Amory (20@LAaory and Seagram (2003)
have developed a practical framework to support the desgjdeelopment of educational
games where educational theories are tightly integratedhe game design process. The Game
Object Model (GOM) (Fig. 4.1) consists of a number of spasbich are described by both
abstract and concrete elements (interfaces). Theagbsiterfaces of play, exploration,
challenge and engagement are associated with the outenepntiae Game Space, which
contains the Visualization Space. A single concrete irterfstory line) and a number of
abstract interfaces (critical thinking, discovery, goafhfation, goal completion, competition
and practice) are part of the Visualization Space whictagmithe Elements and Problem
Spaces. The Elements Space which includes the Actor Sz the abstract exploration and
engagement interfaces through the concrete interfaggsiiics, sound, technology,
interactions and gestures. The Problem Space realizbe abstract interfaces of the
Visualization Space. According to Amory and Seagram (20@8)eg can be visualized as the
interlinking of three aspects: the story, the problenasthe graphical realization of the story

and problems.
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Figure 4.1. Game Object Model (from Amory and Seagfad3).

Associated with GOM are the Game Achievement Model (Gllich provides a mechanism
to design education games and the Persona Outlining Mods!)(B€2d to describe a typical
game player or target audience (Amory and Seagram, 20083. fflodel more broadly defines
the ways in which games should be based on pedagogy wheegaarhe Achievement Model
rather defines more specifically how such games candigral” (Seagram, 2004). Again, this
model attempts to evaluate learners’ skills after playameap by examining the impact of play
on problem solving skills such as literacy, communicationmang, etc. However, while much
work has been done on the design of educational games, noisiumwn on the impact of

such tools on learning and educational practices.
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4.2. RESEARCH PROBLEM

The primary objective of this study was to determine theational value of games designed
using the GOM with learners from a wide range of backgroundsder to realise this
objective it was necessary to first design a reseastfument that could be used to describe
learners in terms of both quantitative and qualitativa datproposed by the POM and
thereafter to use this model to evaluate the effect ofq@ag@lucational games. A secondary
objective was to assess the applicability of the useatf tachnology (education games) with
learners from a variety of backgrounds (university and sacitwol students from urban and

rural areas).

4.3. CONCLUSION

The chapter discussed technological initiatives, such astezhadagames, which can be
employed in schools to improve learning and teaching. Theearhalgb introduced ideas that
well designed educational games could provide tools to developioogamd other skills. The
next chapter describes the methodologies used in the study whatlowed by a chapter
detailing the development and evaluation of the researchimmsitt based on POM. The last
two chapters report on the evaluation of use of games ddsigimg GOM to investigate the

use of such tools with learners from different backgrounds.
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CHAPTER 5
RESEARCH METHODS

5.0. INTRODUCTION

The traditional view ofesearch is to discover knowledge amdvel opment, and to translate that
knowledge into a useful form in practice (Richey, 1997). In the 1988dield of instructional
technology experienced debates about the need for a new hegasadigm which would add
more value to learning. Such debates were a continuatiomgaiing debates, about what
research in instructional technology should be like withditional’ types of research
inadequately addressing educational problems, particutamfarmation and communication
technologies (Reeves, 2000). Thus, there emerged, due tdipgnsisblems in the field of
instructional technology research, signs of a new paradigim.chapter will explore the

philosophical approaches to research and make explicit apy@oased in this study.

The primary objective of this study was to determine theational value of games designed
using the GOM with learners from a wide range of backgroundsder to realise this
objective it was necessary to first design a resaastfument that could be used to describe
learners in terms of both quantitative and qualitativa datproposed by the POM and
thereafter to use this model to evaluate the effect ofqag@lucational games. A secondary
objective was to assess the applicability of the useatf achnology (education games like
Zadarh andyKhoz) with learners from a variety of backgrounds (university senior school

students from urban and rural areas).

5.1. PROBLEMS WITH TRADITIONAL RESEARCH

In motivating a move from the traditional research to dgvekent research Reeves (2000)
argues that research in education should not be carriddrdbe sake of research but should
have practical benefits, and should move from the notiorsthence is what experts do and
practitioners must accept and apply. Reeves, consequentigfietkthree main problems with
the ‘traditional’ research including: (a) Basic versus agplesearch, (b) Poor quality of
educational research and (c) Disappointing research systReeves (1995) asserts that most

research studies are:

“...riddled with problems such as specification error, lacknfage to theoretical
foundations, inadequate literature reviews, poor treatingsiémentation, major
measurement flaws, inconsequential learning outcomesr&seaarch participants,
inadequate samples sizes, inaccurate statistical apatysd meaningless discussions of
results”.
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Reeves (1995) argues that the only criterion for successaktearch is that papers are
accepted for presentation at conferences largelydeiteiy other researchers and/or published

in academic journals.

Reevest al. (2003) argue that research in the use of educational techraiogid be applied
and be based on an appropriate developmental research metho8aoiciyyan approach would
overcome the problems associated with the use of empe®edhrch methodologies and argue
that that such research would result is more approghatieg that could lead to greater

insights into the use of technology in the classroom.

5.2. DEVELOPMENT RESEARCH

“The influence of traditional empirical approaches tacadional research on practice is based
upon the optimistic assumption that practitioners can orapply the theories derived from
empirical investigations” (Reeves, 2000). Reeves contends thabries stemming from
traditional empirical research have any merit, “thesiséence of significant problems in
education and training suggest that this optimism is nusgland that practitioners must be
more directly engaged in the conduct of education resedtéa’because of this problem that
other forms of research were proposed. For example Ehersuggestion for research paradigm
proposing ‘use-inspired basic research’ or ‘formativeaese (Newman, 1990), ‘design
experiments’ (Brown, 1992; Collins, 1992), or ‘development reséévan den Akker, 1999).

In this dissertation, therefore, the preferred terminolodibei‘development research’. Reeves
(2000) contends that development research calls for a “ptagapistemology that regards
learning theory as being collaboratively shaped by rese@reimd practitioners” with the
overall goal of solving real problems while simultaneously tangng “design principles
which can inform future decisions”. Therefore, a fundataetenet of development research is
collaboration among practitioners, researchers, and technslagit is not based on a notion

of one blanket fits all model where all future research st

5.2.1. Development Research Methods

Methods of development research are not necessarily diffecen those in other research
approaches. However, according to van den Akker (1999), twdisgeatures should be
considered: (1) The role of formative evaluation procedurésimative research; and (2)
Methodological problems and dilemmas for development researche two features as
described by van den Akker are the role of formativéuenimn, and problems and dilemmas in

development research.
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5.2.1.1. The role of formative evaluation

“Formative evaluation is most useful when fully integdatea cycle of analysis, design,
evaluation, revision, etc, and when contributing to improveroktite intervention” (van den
Akker, 1999). This author characterises such formative eN@ifue include: (a) A priority on
information richness and efficiency where the evaluationlshooth identify shortcomings but
also provide solutions, and (b) A shifting of the emphasguiality from validity to practicality

and to effectiveness (Nieveen, 1997).

5.2.1.2. Problems and dilemmas in development resea  rch

Van den Akker (1999) explains some of the problems and dilemmed iy researchers
engaging in development research including: (a) Tensionerdigision between development
(designer) and research (researchers); (b) Isolatitigatrvariables versus comprehensive and
complex design (many interrelated elements); and (c)r@ksegion of findings due to small

sample size.

5.2.2. Reasons for Engaging in Development Research

According to van den Akker (1999) there are varying reasarsafoying out development
research and these are: (i) The experience thatitrzali research approaches such as
experiments, surveys, etc, “with their focus on descrignevledge, hardly provide
prescriptions with useful solutions for a variety of desigd development problems in
education”; (ii) A need for “a growing body of knowledgetéoretically underpinned and
empirically tested design principles and methods”; (i@jdm policies in education that are
“often multi-layered and comprehensive” in terms of fexiocluded and people involved; and
(iv) Educational research has in general a reputaticacifrig relevance from policy makers,
practitioners and many researchers who strive for resd@athontributes to enhancing

educational processes with a noticeable impact.

Therefore, one could argue that the development resparaldigm fits well with the
constructivism paradigm as they are both non-prescriptitreeinapproach to learning and
allow learning to be approached from many differing angles.adusiuch as learners come to
school with diverse skills and experience even in developrasatrch, researchers come from
different environments, have different outlooks on life, ang:lthfferent expectations of

research. Thus, their research approaches are goindeto dif
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5.3. DIFFERENT RESEARCH GOALS

Reeves (2000) identified six common research goals incltdiegy etical (logical analysis and
synthesis of theories and or principlespirical (how education workdnter pretivist
(interpreting phenomena related to teaching and learritoglmodern (to reveal hidden
agendas)Development (design principles identification for future educationalelepments)

andAction (describe, improve and evaluate effectiveness).
5.4. DEVELOPMENT RESEARCH GOALS
Below is an illustration by Reeves (2000) of the differermgieen research conducted with

traditional empirical goals and that inspired by developrgeats.

Empirical Research

Hypotheses based
upon Observations
and. or Existing

Experiments
Designed to Test
Hypotheses

Theory
Refinement
based on Test

Application of
Theory by
Practitioners

Practical Problems
by Researchers
and Practitioners

Solutions with a
Theoretical
Framework

Testing of
Solutions in
Practice

Thecries Results
h
< Specification of New Hypotheses v
Development Research
Analysis of Development of Evaluation and Dacumentation

and Reflection to
Produce "Design
Principles”

T A A
- ¥

- Refinement of Problems, Solutions, and Methods

Figure 5.1. lllustrates the differences between engdirgsearch and development research (from Reeves
and Hedberg, 2003)

It is seen that empirical research is based on hygsthased upon observations and or existing
theory while the development research is based on anafysiactical problems by both

researchers and practitioners (Fig. 5.1).

Reeves and Hedberg (2003) argue that development resepfebugies on broad-based,
complex problems critical to education, (ii) involves intea<ollaboration among researchers
and practitioners, (iii) requires long-term engagemertahaws for continual refinement of
protocols and questions, and (iv) maintains a commitmoetheory construction and

explanation while solving local problems.
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5.5. DOMINANT EVALUATION RESEARCH PARADIGMS

There are differing research methodologies which are dlyrmesed in the field of instructional
technology. “The status of evaluation within the context @ractive learning is hardly ‘well-
established’ or ‘clearly-delineated,” and yet evaluationtgiiagers are influenced by inquiry
paradigms, whether consciously or not” (Reeves and Hedb@08§). They based their
argument on Kuhn’s (1962) contention that the dominant mode ofyngithin a field at any
given time depends upon complex interrelationships of theonessurement assumptions,
research methods, and analytical procedures”. Ther&em/es and Hedberg established the
following four dominant research paradigms within the fadlthstructional technology:
Analytic-Empirical-Positivist-Quantitative Paradigm, Coostivist-Hermeneutic-Interpretivist-
Qualitative Paradigm, Critical Theory-Neomarxist-Postmodinaxis Paradigm and Eclectic-

Mixed Methods-Pragmatic Paradigm.

5.5.1. Analytic-Empirical-Positivist-Quantitative P aradigm

According to Reeves and Hedberg (2003) this paratiigpresents the most established of the
paradigms that guide evaluation in education and the seasces” and is the most used
paradigm in research that is based on the use of quametitgpothesis testing and includes the

use of controls in the design of experiments.

5.5.2. Constructivist-Hermeneutic-Interpretivist-Qu  alitative Paradigm

Reeves and Hedberg (2003) express that this paraslifast gaining in popularity and its
proponents have sharply divergent views about the nature dy rfeain those of the
guantitative paradigm. Here it is believed that truthasléectively constructed reality often

through the analyses of text and observations (i.e.tgtiad interpretations).

5.5.3. Critical Theory-Neomarxist-Postmodern-Praxis Paradigm
Advocates of this paradigm “wear the label ‘social activisith pride” (Reeves and Hedberg,
2003) and make use of critical theory and deconstruction tpadsipost-modernism) that

might be of value to educationist.

5.5.4. Eclectic-Mixed Methods-Pragmatic Paradigm

Reeves and Hedberg (2003) argue that this paradigm is theppospriate approach to handle
investigations into the use of technology in the classrooimailsws the use of the many
approaches to interrogate a problem from different pergpedhat makes ‘triangulation’

easier. In this paradign ‘ecelctic’ refers to the usmethods from any of the previously
56



described paradigms, and ‘mixed methods’ allow for theotiseultiple perspectives whilst

‘pragmatic’ forster the use of practical approache®harsyy research problems.

5.6. EVALUATION MODELS FOR INSTRUCTIONAL TECHNOLOGY

In their recent work (Reeves and Hedberg, 2003) discnasiaer of evaluation models
including the Tylerian Objectives-Based, Experimental,daatQualitative, Fourth Generation,
Post-modern and Multiple Methods Evaluation Models. Reevesiadiderg (2003) argue that
the Multiple Methods Evaluation Model while being complex, &édwest aligned with an

Eclectic-Mixed Methods-Pragmatic Paradigm.

5.7. DATA COLLECTION STRATEGIES

The methods section describes the overall evaluation desigiasen collection strategies
employed in this study, which are based on the EclectietMMethods-Pragmatic Paradigm
and use a number of research instruments, including ankgetmieds, user questionnaires, user
interviews, user focus groups, usability observations and ogditeecollection. These methods
support the development research paradigm because of éxéiteluse, particularly with
technology, while allowing future educational developments. T$eareh employed both
gualitative and quantitative methodologies. Each represeritediamentally different inquiry
paradigm. Qualitative research uses a naturalistic agptbatseeks to understand phenomena
in context-specific settings and quantitative research eggerimental methods and
guantitative measures to test hypothetical generalizafitoepfl, 1997). In order to conduct or
evaluate qualitative research, it is important to knesvrtature of these sometimes hidden
assumptions (Myers, 1997). Strauss and Corbin (1990) broadly dehiiative research as,
"any kind of research that produces findings not arrived atdans of statistical procedures or

other means of quantification".

5.7.1. Overview of Methods and Analytic Techniques Used
Methods used in this study include case studies, observatieestiannaires, interviews, and

paper-and-pencil test as explained below.

5.7.1.1. Case Studies

The case study research method can be defined as arcehgtudy that uses multiple sources
(evidence) to investigate a contemporary phenomenon in-avoela context (Yin, 1984) and
emphasise detailed contextual analysis of a limitedomuraf events or conditions and their
relationships (Soy, 1997). The weaknesses of case study methoosjing to Mikkelson
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(1995), are that sometimes they serve as a foundation foragjsagons, which might be
erroneous. In this study, three schools (Buhlebemfundiok&zhaand Tholokuhle) and two
universities (University of KwaZulu-Natal and UniversityAiluland) from the KwaZulu-

Natal province formed part of the case study. Learnetipated in game play where rich data
were collected using direct observations, focus group i®sy/iquestionnaires, examinations

of records, and paper-and-pencil tests.

5.7.1.2. Observations

Observation on learners engaging with interactive learnisiggs at various stages of its
development can be a valuable, if somewhat humbling experiand time consuming exercise
(Reeves and Hedberg, 2003). Direct observation method @tiamp for collecting information
on non-verbal behavioural aspects of people. Here, becausestaiants had no experience
with computers, observations were made to determine thekksening, the speed of user
task performance and subjective user satisfaction (Shneided887). Observations also
included use of the game environment and interaction betplagers during game play.
Learners from all participating schools were observed t@aesahe way in which they dealt
with the questions, how they reached their conclusionshenddy in which they played either
Zadarh andyKhoz. One problem with the direct observation method is tlaptesence of an
observer may affect the behaviour of the participants cattsamg to alter their normal work
behaviour (Giacoppo, 2001). In order to avoid the uneasinesddayibeing aware that they
were being observed, the researcher gave learners manyg drealg which notes from

observations were made.

5.7.1.3. Pilot Tests

The purpose of the pilot test instrument is to determinghehé¢he survey instrument is
effective for use with the people who are potential respaad#hat is, to ascertain if there are
any survey items that are confusing, ambiguous, or phmasadguage unfamiliar to the
intended audience (Thompson and McClintock, 2005). Thus, the puwppset testing is to
catch potential problems before they become costlyaiest(EvaluationWiki, 2006). Pilot tests
were conducted during the development stages of the studyomunesites in order to iron out
discrepancies, be they factual or grammatical, and toge@larity where necessary. For an
instrument testing literacy and communication of learrers pilot tests were performed. In the
first pilot test, Digital Media Masters and Honours stiislénok part and their suggestions were

incorporated in the second revised questionnaire. In twndeilot test, only first year UKZN
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students participated and their results were included ifitllequestionnaire used in the study
(Annex 1).

5.7.1.4. Questionnaires

Questionnaires are one of the most frequently used method8ezting effectiveness data and
they can be composed of items that address informatwatttudes (Reeves and Hedberg,
2003). According to SIECUS (2004) there are drawbacks to ussmgiethod as it (i) limits
opportunities to probe or provide clarification; (ii) edion participants' ability to recall
behaviour and/or events; (iii) lacks the capability to snea different kinds of outcomes; and
(iv) is difficult to use with low-literacy groupsAnother weakness of questionnaires is that
because of their structured nature they allow little flexibtld the respondent with respect to
response format (StatPac Inc., 2000). Also participantstrmginterpret questions, and
therefore provide wrong information leading to erroneous concl@sidkelson, 1995). The
aim of the two sets of questionnaires was to asoetiaireal impact of games on learning and
to determine the kind of games that could enhance learkiitgy & this endeavour, both
gualitative and quantitative data were collected. Theqgaating learners from
Buhlebemfundo, Qhakaza and Tholokuhle schools and UKZN andullreéaswered POM
guestionnaires which covered both qualitative and quantitdaitee The qualitative and
guantitative data were used to assess the socio-econotag dtparticipants who came from
township, urban and semi-urban areas. Quantitative dégated were utilised in measuring

participants’ literacy and communication skills levels.

5.7.1.5. Focus Groups Interviews

Within the instructional technology field, the focus group metbadgeful in terms of getting
users’ reactions to an interface as they use it over (Reevest al., 2003). However, it has the
drawback of only collecting information about what userstsay do, and not what they
actually do. This can lead to less participation fronséhatimidated respondents. The method
is quicker and cheaper than interviewing the same nuafhedividuals and again a greater
pool of expertise is tapped than in individual interviegl{cell, 2003. Mikklesen (1995),
however, says that focus groups interview methods may havewreproblems particularly as
participants may be overwhelmed by the responses of theg peehere a few people
dominate the discussions. The focus group interview protocobiesigned to gather
descriptions and details abgithoz and its impact from the interviewees. A small group of

Buhlebemfundo learners was brought together and a structuredewtevith preset questions
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was carried out. The focus group interview was intendevaluateKhoz by ascertaining

learners’ opinions about it and to find out if they thinisia good teaching tool (Annex 4).

5.7.1.6. Paper-and-pencil

Reeves and Hedberg (2003) say, “Paper-and-pencil testsnusitigie choice test items are
pervasive as evaluation methods, but the reliability afidityeof these instruments are often
suspect” and therefore, they caution against the use olitdsts there is evidence of their
reliability and effectiveness. SIECUS (2004) raises sinditawvbacks to those applying to
guestionnaires for this method, such as; Limited oppoyttmiprobe or provide clarification;
limited question length and breadth; limited capabitityneasure different kinds of outcomes;
and difficult with low-literacy groups. However, acdonrg to SIECUS (2004), paper and pencil
methods are: Relatively inexpensive and are a quick waglleicting large amounts of data
from large samples in short amounts of time; conveniemeipondents as they can complete
them in their own time; and offer anonymity which can rasuthore honest responses. The
participating learners from Buhlebemfundo, Qhakaza and Tholelkahiools and UKZN and
UniZulu answered paper-and-pencil test that tried tdoksketheir literacy and communication
skills levels. Again, learners from Qhakaza and Budrdiondo and UniZulu answered a
paper-and-pencil test which covered the topics of photosysithied respiration. In this study,
paper-and-pencil tests were used to collect quantitasitag @hich were used to determine the

level of learners’ literacy and communication skills.

5.7.1.7. Student Examination Records

This method interrogates the previous academic recorésuwfdrs. According to Educator's
Guide(1998)student records are valuable as such information isteasdytatin and can be
interpreted objectively. However, the other side of thtkhas these records may not correspond
exactly with what the researcher wants; may be incaenplerequire additional interpretation;

or one may need special permission to use them. Gradeafrfination records for
Buhlebemfundo’s 2003 and 2004 learners were compared to deternmaeeifsas any
significant difference between academic skills of the gnaups that participated in the research
project. This was done to avoid a problem of comparing lemaofernequal competences, as

this would have compromised the results
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5.7.1.8. Games Play

Playing games is one method used for collecting qualitatiieyaantitative data. Becta (2004)
contends, “A striking feature of games software ipdwer to motivate”. Becta continues to
state that it is in provoking and harnessing emotions stishtesfaction, desire, anger,
absorption, interest, excitement, enjoyment, and pridehi@aement, within the player and
their consequences that games software might benefittemucBhe drawback to games
according to Becta (2004) is that they are not universalydesigned and many are gender
oriented. It is the goal of this research to asaeitgilayingZadarh andyKhoz will provide
learners with the motivation to play and improve theirdity and communication skills whilst

learning subjects covered by the game.

5.8. CONCLUSIONS

This chapter explored the philosophical approaches to résaadcexplained explicitly the
different approaches used in the study. Great caution dieti@@awere taken in explaining the
different research methods and evaluation techniquesaispecific methods used in the
study and their weaknesses were discussed. The next dnapttigates the effectiveness and

benefits of using games in enhancing literacy and commiuomncskills of learners.
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CHAPTER 6
EVALUATION AND USE OF AN ASSESSMENT TOOL
TO MEASURE PLAYER SKILLS

6.0. INTRODUCTION

It is widely accepted that the high failure rates at Bdditican universities illustrates that the
curriculum at high school level does not properly prepare stutteotgpe with tertiary level
scholarship (Milleret al., 1998). Many reasons are attributed to this state of aiffagtuding,
the reliance on the dominant “authoritarian and rotealag styles of the Apartheid years”
(Dean, 2000). This has, however, been overtaken by the new outesed education
introduced under the new ‘Curriculum 2005'. In this study, thec@feness of the two games
developed by Virtual Learning Space Project of the UnisecdiKwaZulu-Natal will be
investigated through the usage of development research meefftedloverall goal of
development research is to design an interactive leasgsigm that can be used in and outside
the classroom, and in real-time or asynchronously asldadr solving the academic
development problems of underpreparedness prevalent amongstynadjSouth African

learners, particularly those who come from the disadvadtscjgools.

6.1. ANALYSIS OF PROBLEM

Amory (2001) asserts that games are important in the @mweint of cognitive, literacy,
communication, memory, and motor skills. However, liteearch exists on the evaluation of
the educational benefit of games in the classroom andétaystematic approach is required.
Newman and Lamming (1995) propose the use of a fictitious aispersona, in the
development of software. However, Amory and Seagram (200@g @hat persona data are not
built from real data (both quantitative and qualitative) eand, therefore, not be subjected to
vigorous evaluations. To overcome this shortcoming these ayttapsse the Persona
Outlining Model (POM) (Fig. 6.1) which consists of a numbkspaces described in terms of
two interfaces - the abstract (cognitive skills) and cord(& literary — visual, logic,
mathematical, computer; (2) communication — reading, wripgaking; (3) Memory and (4)
motor — manipulation, reflexes]. Amory (2001) argues thatifieeof authentic problems
associated with literacy, communication, memory antbmekills (Problem Space of the Game
Object Model) could provide a concrete mechanism to asldfesiract learning goals such as
critical thinking, discovery, goal formation, goal completioompetition and practice.
Therefore, the following section gives an overview of Persamidining Model whereby

literacy, communication and memory skills may be evathateer game playing to determine if

the skills levels of participants have improved.
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Person

»| Cognitive

—»@ Ciritical thinking
—»@ Discovery
—>»@® Goal formation
—»@® Goal completion
—>»@® Competition

L »@ Practice

»| Literacy

——»O Visual
—»O Logic
——»O Mathematical
—»Q Computer

»| Communicatio

——»O Reading
—»QO Writing
L—»Q Speaking

» Motor

——»O Manipulation
L—»O Reflexes

»| Propertie

—>[] Age
—»[] Ssex
——»[] Occupation
—»[ Education

Figure 6.1. Persona Outlining Model

6.1.1. Literacy Skills

The phrases ‘ours is not a reading culture’ and ‘Afri€aciety is an oral society’ are often used
in discussions of literacy, publishing, education levels, book giitjsand bookselling and of
availability of reading material in Africa (Mulindwa, 200However, since the day the print
press came into existence the notion of literacy has cauatitmichange especially in the last
100 years (Wiley, 1994). Wiley further states that liteiagy topic of much concern with the
media, periodically calling attention to what appears ta literacy crisis of alarming
proportions, claiming that large segments of the adult popnlas illiterate or very nearly so.

De Castell and Luke (1986) identify three distinct paradigmslada-based literacy in recent
U.S. history, each highly dependent on the social, econontdiuiral norms of a particular

epoch. The first paradigm is represented by the 19th cerlagsical period where literacy was
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viewed as knowledge of literature and attention to rheticaimaropriateness. Literacy pedagogy
involved rote learning, oral recitation, copying, and itnotaof so-called correct speech and
writing (Warschauer, 1999). The second paradigm followedntss industrialisation of the
early 20th century and Deweyan progressive paradigm cidigeemerged as a self-conscious
attempt to provide the skills, knowledge, and social attitveiggired for urbanised commercial
and industrial society (de Castell and Luke, 1986). Litergas viewed as a form of self-
expression. Literacy pedagogy involved teacher-pupil interactiothendiscovery method. The
literacy curriculum included civics, adventure storaas] self-generated texts. The progressive
model, however, never fully took hold, rather it was in conganggle with a more
technocratic paradigm that eventually won out (Cuban, 1993)hirdevas the technocratic
paradigm, whereby literacy was viewed as survival skéisessary to function in society.
Literacy pedagogy involved programmed instruction, learninggggeskwith teachers as
facilitators, and mastery learning of a common setfpéctives. The technocratic paradigm that
emerged in the 1940s both mimicked and served the needs of thedbFRordist industrial
structure of the era. The technocratic notion of litefaatself being undermined as further
changes in technology and society point to the need for neveptsnof literacy (Warschauer
(1999). This leads to a new fourth paradigm resulting frondéwelopment and spread of

Internet technology. This new paradigm is affecting the devedapsnin reading and writing.

In order for literacy assessments to be carriedramrethas to be an operational definition
(Wiley, 1994). There has been considerable debate over haaeitehould be defined.
Nonetheless, Cashdan (1986) defines it as:

“Literacy is not simply a matter of decoding printstunds, or of converting sounds to
print. It involves meaning. All of us — children and aslalike — are constantly occupied
in making meanings. ... Full comprehension means undenstantiat the writer (or
speaker) means by reference to what has not beenssagllas what has, by comparison
with material, ideas and knowledge outside the immediateand by analysis of the
writer’s purposes and of how the message has been eatieldnguage, style, register or
code”.

This definition focuses on reading and writing and doesatdatfy the modern day society
which is more complex. The process of becoming literateytod@lves more than learning
how to use language effectively; rather, the process amifiéshanges both the cognitive
and the linguistic functioning of the individual in societya@fer, 2000). Angelil-Carter (1998)
asserts that literacy involves more than simply understandiireguires an active engagement
with problems and the communication of the outcomes of thegengant to an audience. This

is in support of Ballard and Clancy (1988) who define litgras learning to ‘read’ the culture,
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learning to come to terms with its distinctive ritualglues, styles of language and behaviour.
Changes in the technologies available for reading and whtrg an important impact on how
we experience and think of literacy, but technology alone islihpbaerful (Warschauer,
1999). Instead, technological change intersects with othexl seconomic, cultural, and
political factors to help determine how literacy is practiCEherefore, literacy practices are
understood as incorporating all the social practices ofteplar group, such as the thinking,

interactions, beliefs, and as well as the way itseaw writes.

Angelil-Carter (1998) draws her arguments from literacyriseowho have given weight to the
belief that literacy skills are bound up with context spesibcial practices and that there is a
need to understand the acquisition of academic literacibe icontext of the varying
intellectual and educational practices of individual disogdi Thus, literacy practices acquired
in one context may be less transferable to other fildsool-based literacies may therefore be
inadequate preparation for university, and the literacytisescof one discipline in a student’s
curriculum may be incommensurate with those of another. fidnerditeracy is dependent on
the group of people, where becoming fully literate meaastening the ‘discourses’ of the
group. The notion of discourse in this case includes ngttbelways of using language but
also the beliefs, attitudes and values of the group (Z84)). Therefore, to be considered
literate, students today must acquire a battery of skilswill enable them to take advantage of
the diverse modes of communication made possible by new techesoéogi to participate in
global learning communities (Kasper, 2000). For purposessoétildy, the notion of literacy is
defined as development of culturally based skills which angetit specific and enable one to
actively engage in and be able to draw conclusions fromtdepnatised situation and
communicate the outcome. Therefore, literacy is identde@roblem-solving skills bound up

with context specific social practices.

Therefore, a literate person knows how to gather, anayrkyse information resources to
solve problems and make decisions, as well as how to tkedh independently and
cooperatively (Kasper, 2000). Ultimately, literate indiats possess a range of skills that
enable them to participate fully in all aspects of modeciesg from the workforce to the
family and to the academic community. Kasper goes on t®thiat succeeding in a digital,
information-oriented society demands multi-literacteat is, competence in an even more
diverse set of functional, academic, critical, art&bnic skills. Indeed, the development of
literacy is a dynamic and ongoing process of perpetualftramation (Neilsen, 1989), whose

evolution is influenced by a person's interests, culturesegperiences.
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6.1.1.1. Visual literacy

Visual literacy is an emerging area of study that dedlswhat could be seen (both physical
and mental images) and its interpretations (Pennings, 2002approached from a range of
disciplines that: (i) Study the physical processes involnadsual perception; (i) Use
technology to represent visual imagery, and; (iii) Develogllgttual strategies to interpret and

understand what is seen. Savander-Ranne (2003) asserts:

“This intensifies and clarifies the learning procédsing visualisation aids in elucidating
abstractions helps students to form mental visual imagesake visual interpretations
of what concepts mean. Combining visualisation with peerastion and cooperative
learning yields good synergy”.

According to Moline (1996) when children begin to read antkwiney are as interested in
information as they are in fiction. But informatiomist conveyed only with print; the wealth of
visual texts are often the clearest communicators ofrimdton. Charts, diagrams, cross
sections, and maps are a few of the elements thas aréieal as the words they supplement. In
many cases, the visual text is the clearest way to priesemhation. Based on the idea that
visual images are a language, visual literacy can be dedm¢he ability to understand and
produce visual messages (Arizona State University, 1998).uRdamentals of all visual
communication are its basic elements; the compositionatedor all kinds of visual materials,
messages, objects and experiences (Pinkel, 1998). Workfielthbas centred on development
of educational programs that train learners to evakladecreate visual messages, as well as
improvement of reading and writing skills by using visuatdity techniques. Hence, an
assumption that people with high visualisation proficiency fireasier to understand and

communicate information to others.

6.1.1.2. Logic literacy

“Logical thinking is the ability to make deductions that leationally to a certain conclusion.
Good logical skills help one to think things through and provide atireunderstanding the
cause and effect relationships (Kerber and Sorge, 2004). [bgicsdeals with what follows
from what. Logical thinking is the process in which one wsasoning consistently to reach a
conclusion. Kerber and Sorge opine that logic is the sysitestatly of the fundamental
principles that underlie correct, ‘necessary’ piecagasoning as these occur in proofs,
arguments, inferences, and deductions. In this instéeceotrectness of a piece of reasoning
does not depend on what the reason is about so much as dmeh@adoning is done; on the
pattern of relationships between the various constitueas idgher than the actual ideas

themselves. For this reasoning, logic must abstract its fimm its content. Therefore, a logical
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skill is the process which involves inquiring about relatiopshietween facts in order to come

to a reasoned conclusion.

6.1.1.3. Mathematics literacy

Mathematics literacy, also referred to as "numetasydefined as the ability and skills required
to understand and use numbers as a means of communié¢didrGanada, 2002). The
president of ABC Canada, Christine Featherstone, explangunctional literacy in
mathematics means acquiring skills one needs for everytaitias. According to the
International Adult Literacy Survey (IALS), approximatd$% of Canadians are at a basic or
low numeracy level. This means that close to halhat tountries’ population do not have
functional mathematical literacy. ABC Canada and Ohaihidmatical Planning Committee
said for people to be functional in mathematics, thegt have the following skills: (i) Mental
arithmetic — which requires one to be able to calculaetatly in everyday situations, (ii)
General arithmetic requires ability to deal with decenéfactions, percentages, proportion and
the ability to make judgements about estimation and sidePactical applications of
measurement — ensures that students can interpretppseaad convert measures
appropriately e.g. distance (metres, kilometres, neil€s temperature, weight, currency (e.qg.
Rand to Euro) etc.; (iv) Basic algebra — requireseal ne use and apply basic formulae, e.g. in
relation to capitation, budgets etc; and (v) Handling and tatgstical information — requires
the ability to use and interpret graphs (including box and whaikgrams) when target setting

or analysing bench marking data. Therefore, literacpathematics has been explained to

imply:

“... a solid grasp of quantitative reasoning and appreciationatfiematical applications.
Most important is acquisition of knowledge necessaryrffarmed judgment on the uses
of mathematical, computational and statistical intergoetatconfronting us in modern
everyday life” (University of Alaska Fairbanks, 2002).

From these discussions, one can deduce that mathemagdlggenice is a strong indicator of
general intelligence because many every day mental tegige arithmetical operations even

though numbers may not be involved.

6.1.1.4. Computer literacy

In today’s ICT driven society it is argued that readingting, arithmetic, and discipline
specific knowledge is still essential, but no longer suffici€otbe successful, individuals must

also be able to search, access, retrieve, organiemriet and communicate information on-line
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(Hirumi, 1995). Valenza (1998) says that in today’s inforomage people confuse computer
literacy with information literacy. Computer literacere fundamental skills students need to
leave high schools equipped with in order to face terstuglies with optimism and confidence.
However, students who enter tertiary institutions lackmthese skills will need to acquire
them through their normal coursework. Modesto City Sch@al81) lists the following skills
as pertinent to computer literacy: (a) Ability to use an afgg system which entail: (i) Using
and handling of floppy disk; (ii) Formatting and namindloppy disks; (iii) Using hard disks;
(iv) Switching between open applications; (v) Creatinddod/directories (file
manager/windows explorer); (vi) Deleting unwanted fileg) &enaming of files; (viii)
Copying or moving files between drives and folders; (ix) Laimg applications; (x) Finding
and opening files from Windows; and (xi) Using the help merzoatents and index; (b) Word
processing; (c) Connecting to the WWW; (d) Conducting seaarhése Internet using search

engines; (e) Sending and receiving emails; and (f) Downloadidguploading attachments.

6.1.2. Communication Skills

Another set of skills important to acquire for playing etdianal games is communication.
According to SUNY Empire State College (2002) communication wegoVarious skills such
as reading, thinking, and writing, or listening, speakind, @serving, all of which can overlap
and occur simultaneously as transfer of informatioersgiace. Florez (1999) asserts that
communicative and whole language instructional approaches promegeation of speaking,
listening, reading, and writing in ways that reflediunal language use. Opportunities for
speaking and listening require structure and planning ifaheyo support language

development.

The University of Alaska makes a distinction betweerttional and advanced literacy and
states that functional literacy is not a goal of univemsducation. Regardless of the skill levels
in English and mathematics students bring to the university niust experience an

educational process that pushes them beyond the functicadidoced levels. University of
Alaska (2002) explains that advanced literacy in communicagdia multi-dimensional
competence in the use of English, including: (i) The critcahprehension of complex reading
material; (ii) The preparation of clear, organized sodndly reasoned statements in a variety of
oral and written forms; and (iii) The capability armhfidence to participate orally and orally in
public forums. Communication skills such as: (a) writing,réading, (c) speaking, and (d)

listening are discussed below.
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6.1.2.1. Writing Skills

Writing tasks are designed to measure students' skifleady communicate ideas and
information (Frontenac S.S. Literacy Updates, 2002). Stadeast demonstrate skills in (i)
Developing ideas; (ii) Providing supporting ideas; (iii) Qrgang and linking information and
ideas; (iv) Using appropriate tone; (v) Using correct gramamd punctuation; and (vi) Using
correct spelling. Writing summary, series of paragrappdaining an opinion, news reports,
and locating information from within paragraphs are exampf writing tests. Therefore, the
ability to communicate ideas clearly and concisely irtimgiis a key skill for success in every

day life, particularly in education and in other profesal settings.

6.1.2.2. Reading Skills

According to the Progress in International Readingraig Study (PIRLS), a leading
international organisation in the field, reading litgréscone of the most important abilities
students acquire as they progress through their early sctaoel yi is the foundation for
learning across all subjects, it can be used for reoreand for personal growth, and it equips
young children with the ability to participate fully in theommunities and the larger society”
(PIRLS). The Lynch School of Education, Boston College (200&sgiwo purposes for
reading as: (i) Reading for literary experience: the readgages with the text to become
involved in imagined events, settings, actions, consequettta®cters, atmosphere, feelings,
and ideas, and to enjoy language itself. An exampleasaly reading is narrative fiction. (ii)
Reading to acquire and use information: the reader engagesspithts of the real universe to
understand how the world is, how it has been, and why thingsagahey do. One can go
beyond the acquisition of information by use it in reasonimjia action. Typical information
texts include biographies, accounts of events, procedxtsl ppersuasive texts, and diagrams,

charts and graphs.

6.1.2.3. Speaking Skills

Guerrero and Del Vecchio (1995) opined that communicatidreigbility to use oral language
appropriately and effectively in learning activities, sastpeer tutoring - collaborative learning
activities, and question/answer sessions - within tresai@m and in social interactions within
the school. Inside the classroom, speaking and listenirthe@raost often used skills (Brown,
1994). These skills are recognized as critical for functioimran English language context by

both teachers and by learners. Brown goes on to stat8ghaking is an interactive process of

69



constructing meaning that involves producing, receiving and pingassormation that has its

own skills, structures, and conventions different fromtemiianguage. In support it is asserted:

“Its form and meaning are dependent on the context in vihdgturs, including the
participants themselves, their collective experientesphysical environment, and the
purposes for speaking. It is often spontaneous, open-emkdyalving. However,
speech is not always unpredictable. Speaking requirestitaels not only know how to
produce specific points of language such as grammar, priation¢ or vocabulary
("linguistic competence"), but also that they understanen, why, and in what ways to
produce language ("sociolinguistic competence")” (Florez, 1999)

Therefore, to be proficient in speaking one must be ablegegriate this array of skills, both

linguistic and sociolinguistic competence, and knowledge.

6.1.2.4. Listening Skills

Another important aspect of communication is to develop gstehing skills. Duzer (1997)
comments, “Listening is a critical element in the compdeguage performance of adult
second language learners, whether they are communicatirtgpat,sat work, or in the
community”. Listening skills are as vital in our dailyds as they are in learning and teaching.
“Outside the classroom, listening is used twice as oféespaaking, which in turn is used twice
as much as reading and writing” (Rivers, 1981). Accordirigitbards (1983) listening is very
much an active process of selecting and interpretingma#bon from auditory and visual clues.
Yet listening remains one of the least understood proceskeyuage learning despite the
recognition of the critical role it plays both in commutima and in language acquisition
(Morley, 1991). Listening to learn has become an imporiantent in the adult English as a
second language (ESL) classroom (Lund, 1990). In the South AE@atext where the
majority of students are second language speakers of Etlutish even more important.

Therefore, listening is an essential aspect of learning.

6.1.3. Memory

In playing games memory is vital. Memory is retentibmérmation over a period of time
(Intelegen Inc, 2003). Intelegen Inc illustrates that mgmannot be measured directly but
instead must be inferred, based on the behaviour of th@ierg. The way in which memory is
measured is crucial to the interpretation of the resMlesger, 2000). Messers states that
several types of memory have been described and harebaen divided into two basic types.
According to Messers these are declarative and procaderabry where declarative is for
facts or events while procedural memory is for skillb@naviours. Declarative memories can

be called-up or verbalized and procedural memories are ggmemaverbal. Declarative
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memories are quite easily learned and forgotten ane@uoal memories require longer times
to learn. “Procedural memories, such as riding a bicyeckealso easier to retain once learned”
(Messer, 2000). Declarative memory, that is, memoryacts and events, is rather flexible. For
example, facts are learned, utilised, and immediatisgarded. We may, however, learn facts
and retain information for very long periods. Accordiadritelegen Inc (2003) there are three
basic questions to ask about memory: (i) How are memianiesed? (encoding) (i) How are

memories retained? (storage) and (iii) How are memoerzdled? (retrieval).

6.1.3.1. Memory Encoding

According to Intelegen Inc (2003) encoding is an active gsoagnich requires selective
attention to the material to be encoded. Memories maylibeffected by the amount or type of
attention devoted to the task of encoding the materialteerd may be different levels of
processing which occur and that some are deeper thas.dtoerexample, different types of
encoding includes: (i) structural encoding which places asiplon the physical structural
characteristics of the stimulus operating at a shdbee, (i) phonemic encoding which puts
emphasis on the sounds of the words is an intermediegie Wehile (iii) semantic encoding with

its emphasis on the meaning is considered deep processing.

In order to enhance the capacity of memory other aspkeetsoding are considered. For
example, elaboration, visual imagery and self-referent Aavmportant role in encoding.
Elaboration is associating with other information, visoagery can be used to add richness to
the material to be remembered, and self-referent nthkamaterial personally relevant and this

requires deciding how the information is personally relevant

6.1.3.2. Memory Retention

According to Intelegen Inc (2003) current theories use a c@npased model or information
processing model to explain memory. The most accepted rsiadet that there are three stages
of memory storage: sensory store, short-term samejong-term store. (i) Sensory store
retains the sensory image for only a small part @carsd, just long enough to develop a
perception. (i) Short term memory (STM) lasts for alifuto 30 seconds without rehearsal of
the information, and with rehearsal STM will last asd as rehearsal continues. Again, STM is
limited in terms of the number of items it can holdl@&, 1956) where the capacity is about 7
items and capacity can increase by "chunking” (combineagimiaterial into units). Originally
short-term memory was perceived as a simple reheardat but it turns out to be more

complicated. It is not limited to phonemic encoding, asd lof information occurs by other
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means than simply decay and displacement, etc. Shortreemory encodes information that is
stored for short periods of time and later forgotteregbtr, 2000). (iii) Long-term memory has
been suggested to be permanent which means that notfongatten only the means of
retrieving it is lost. Long-term memory encodes and clatestes the information for retention
over longer time periods (Messer, 2000). Messer furtheisdfaé this is illustrated by the
existence of flashbulb memories such as the vivid re¢mllecof important events such as the

death of JFK or the Challenger Space shuttle crash.

6.1.3.3. Memory Retrieval

Memory retrieval is not a random process as it usestodesp with retrieval. These can be
context cues, and mood where recall can occur when theesaatmnal state is created as was
present in the acquisition phase (Intelegen Inc, 200@)elyen Inc contends that perhaps some
of the errors in recall are a result of failure in gumonitoring, that is, remembering the

origins of the memories.

6.2. DEVELOPING A SOLUTION

The aim of the research reported in this chapterusédhe concrete interfaces of POM to
design, test and evaluate an instrument to define a tygiaag South African (the persona) in
terms of literacy and communication skills which sillow the description of typical game
players using indicator scores for the different skills. Camemts of POM define a typical
player in terms of a theoretical model that supports emunedigame design, are used to
develop an instrument to evaluate literacy (visual, logitraathematics) and communication

(reading and writing) skills.

6.2.1. Participating Schools

In this study five institutions participated, three schootaeig Buhlebemfundo, Qhakaza, and
Tholokuhle and two universities of Zululand [UniZulu] and KwhZNatal [UKZN]. There
were 55 participating students from Buhlebemfundo, 26 from Qha&adsb1 from Tholokuhle
and were all matric students (Grade 12). There weoe25lstudents from UKZN, first year
computer science, and 30 from UniZulu, first year Busine&sration Systems. The tests

were carried out between March and May 2003.

The samples were specifically chosen because the pantEiggpresented the demographic and
the dynamics of the South African educational landscapethifée high schools represented

the community schools for Blacks, which by their very natmecless privileged than those of
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their white counterparts. These schools, in comparison g#wose of their white
counterparts, do not generally produce good results for aidmit universities because of
poorly trained teachers and lack of other resources hiemdie. While the universities represent
the dynamics of the society and to a large extend stillseptehe old apartheid era institutions.
For example, the UKZN is more financially well-off abeltter resources than its counterpart
UniZulu. Because of its higher admission criteria UKZN, unlikeZulu admits most Whites

and Blacks from privileged backgrounds.

6.2.2. Materials and Tools

The design and development of the instrument to evaluatadit and communication skills is a
compilation of many international tests which were atteoesuit the South African
environment. The visualisation skills test, taken from Osod®89) masters’ degree
dissertation, is based on standard test used by the kS&@ermine 2D and 3D special
visualisation skills. The logic and numeracy part is similanature to the 1Q tests given years
ago to primary school pupils in the USA by an organisatidead¢dPressanykey’ in an effort to
gauge their learning skills. The communication skillsstesed the modified American Student
Aptitude Test (SAT) and a short passage from Africaavéhbs, Stories and Sayings - African
Stories (http://www.afriprov.org/resourés®ries.htm). The tests are used to gauge the lterac
and communication skills, which South African learneradto tertiary institutions. These
skills, as previously mentioned, are significant as gr@gble those learners who are proficient

in them to cope better with their university studies.

The instrument is divided into two sections with thistfasking participants to provide some
biographical information but did not include any identifioatinformation. The second part
forms the core of the research instrument which tesetteracy and communication skills of
learners. Two pilot study investigations were conductedemtify problems associated with
the design and implementation of the instrument. Thefilst test was administered to Digital
Media Honours and Masters Students (University of KwaZidtal) who answered alll
guestions and were interviewed to gain insight into @moblassociated with the instrument.
The results from this investigation were used to modifyinkgument used in the second pilot
study where UKZN first year learners from differentuiies participated. Again, both their
answers and opinions were included in the final instrurtagéet administered to the five schools
(Buhlebemfundo, Qhakaza, Tholokuhle, UKZN and UniZulu).
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6.3. EVALUATION AND TESTING OF SOLUTION IN PRACTICE
6.3.1. Results on Visualisation Skills

6.3.1.1. 2D Visualisation Skills

Nine questions (Fig. 6.2) were used to determine the 2Dlgatian skills of learners who

were requested to identify two objects made up of theesamponents but arranged
differently. Learners had to visualise the way an abjeould look like after being rearranged
before making their choices. The overall performance fers#ction was poor with the mean of
41.9% and only UKZN learners with 69.5% scored above 50%. Partisi from Qhakaza
scored 41.1%, Tholokuhle 37.9%, Buhlebemfundo 34.2% and UniZulu 32.2%

2D Visualisation Skills
O Buhlebemfundo @ Qhakaza M Tholokuhle @ UKZN O Unizulu
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Figure 6.2. Results for the 2D Visualisation Skills questi@presented as a percentage

Learners performed well on the two questions which asBedtaearranged rectangles. For
example, a high number (79%) of learners chose the camsater (c) and were able to
transpose rectangular shapes for question 2. Buhlebemfuadigad 80.1%, Qhakaza 84.7%,
Tholokuhle 74.5%, UKZN 88.8%, and UniZulu 66.6%. For question Zwtombines
rectangles and arcs, 65% of learners chose the corsseer(e) with Buhlebemfundo
averaging 63.7%, Qhakaza 77%, Tholokuhle 68.6%, UKZN 92.5% andiluriz.6%.

Performance was poor on questions which involved arcsiestés. For question 1 only 22.8%
of all participants got the correct answer (e) with Bbkeimfundo averaging 23.7%, Qhakaza
19.3%, Tholokuhle 13.8%, UniZulu 16.7% and UKZN the highest with 40. #4h©other
hand 36.1% of learners chose the wrong answer (b) with Uniizwing 53.3%, Qhakaza
38.5%, Buhlebemfundo 32.7%, Tholokuhle 37.3% and UKZN 18.5%.
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For question 8 only half (49.3%) of all learners gave theecbamswer (d). With the exception
of those from UKZN who averaged 77.7% no other school had a seeae of more than 50%
as Buhlebemfundo had 34.6%, Qhakaza 42.4%, Tholokuhle 45.1% andw#&6%. One
third (33.8%) of all learners chose (d) the wrong answereNhan half (52.7%) of
Buhlebemfundo, Tholokuhle’s 41.2%, Qhakaza’s 30.8% and UKZN’s 1pro¥ded wrong

answers.

Question 9 was the worst performed with only 26.7% giving ¢ineect answer (c). Qhakaza’'s
mean of 11.6% was the lowest and UKZN was the highest8itt?. Buhlebemfundo had
20%, Tholokuhle 27.4%, and UniZulu 26.6%. However, the wrong em@jy Buhlebemfundo
averaged 45.5%, Qhakaza 57.7%, Tholokuhle 45.1% and UKZN 25.9%.

Performance was again poor where triangles were involveld asuin questions 4, 6 and 7.
Question 4 with the correct answer (e) and the overdlbpeance at 24% was poor.
Buhlebemfundo had the lowest mean of 9.1%, followed by Thololeubfe7%, UniZulu’s
16.7%, Qhakaza 19.3%, and UKZN was the highest with 59.2%hi©guestion 65.3% of
learners, Buhlebemfundo’s 81.8%, Qhakaza’s 69.2%, Tholokuhle/8&%4JniZulu’s 70% and

UKZN'’s 40.7% chose the wrong answer (c).

For question 6, only 42.4% chose the right answer (d) witlidbemfundo attaining 29.1%,
Qhakaza 42.2%, Tholokuhle 37.2%, UniZulu 36.7% and UKZN the hight#s6®i6%.
However, the wrong answer (c) was chosen by 30.7% of stufiuhlebemfundo 47.3%,
UniZulu 36.7%, Qhakaza 30.8%, Tholokuhle 27.5%, and UKZN'’s 11.1%).

For question 7, the correct answer (c) was picked by 43t%amers where Buhlebemfundo
was the lowest with 18.2% and UKZN the highest with 85.1%. @twmkad 42.4%, Tholokuhle
27.4% and UniZulu 46.6%. Again, two fifth (39.9%) of studentsngly chose (b) led by
majority of Buhlebemfundo 65.5% and Tholokuhle 54.9%. Qha&addJniZulu had
respective 34.6% and 30%.

6.3.1.2. 3D Visualisation Skills
Fourteen questions were used to determine the 3D visim@iiskills of learners (Fig. 6.3).

These exercises required the matching of similar figueeged from different angles. The
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performance was good with the overall mean of 63.2% where Berhfendo obtained 53.9%,
Qhakaza 67%, Tholokuhle 57.2%, UKZN 79.6%, and UniZulu 62.8%.

Unlike with 2D questions, it is evident from the resulest fearners found working with 3D
objects easier than 2D objects. This is seen in iqussi0 to 14 where the lowest average was
in question 10 with 65.7% and the highest was 87.6% for quesiion

For question 10, most learner were able to select theangiwter (d) with UniZulu getting the
least mean of 53.3% and UKZN the highest with 77.7%. Buhltb®o had the mean of
63.7%, Qhakaza 69.3% and Tholokuhle 64.7%. The overall megundstion 11 was 73.7%
with (a) the correct answer. Buhlebemfundo got 67.4%, Qbat55%, Tholokuhle 76.5%,
UKZN 92.5% and UniZulu 66.6%.

3-D Visualisation Skills
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Figure 6.3.Results for the 3D Visualisation Skills questiepresented as a percentage

For question 12 with the overall mean of 76.3% the corrextvemwas (e) and Buhlebemfundo
obtained 76.5%, Qhakaza 73.7%, Tholokuhle 76.5% and UniZulu 66 .&3K4N with

92.5% was the highest. For question 13, the correct ansagefcjvand the overall mean was
87.6%. Buhlebemfundo was the lowest with 81.9% and UKZN the higls96.2%.
Qhakaza’s mean was 92.4%, Tholokuhle 84.3% and UniZulu 83.38an&hn for question 14
mean was 79.8% where the correct answer was (d). Buhigbdonhad 60.9%, Qhakaza 77%,
Tholokuhle 72.6%, UKZN 96.2%, and UniZulu 93.2%.
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For questions 15 to 23 learners did not do well on questibichwvere manifesting in 2D but
performed well where 3D was clearly noticeable. For exammpean scores for questions 15 to

18 were high because 3D objects could still be identifigdeir entirety.

On question 15 the right answer was (c) and the overalhiwas 67.7%. UKZN learners had
the highest mean scores of 92.5% and Buhlebemfundo the lowiés5%. Qhakaza had

73.2%, Tholokuhle 60.8% and UniZulu 66.6%. About a quarter of Buhlel&lof(27.3%)
chose (b) the incorrect answer. For question 16 the rightearwas (b) chosen by 61% from alll
groups and the lowest was Buhlebemfundo with 45.5%. UKZMéearhad the highest mean of
85.1% and Qhakaza had 57.7%, Tholokuhle 56.8% and UniZulu 60% bBuoifiendo’s 29.4%

chose the wrong answer (c).

For question 17 with the overall mean of 67.7% most studemtsatde to give the right
answer (d). UKZN and UniZulu averaged 81.4% and 79.9%, respgctii schools
performed well with Tholokuhle at 64.7%, Buhlebemfundo 54.6étQimakaza 57.7%. Again,
a third (29.1%) of Buhlebemfundo selected (a) the wrong an§Question 18 also saw a high
mean of 75.3% for the correct answer (d) with UKZN’s592 the highest. Buhlebemfundo
averaged 69.2%, Qhakaza 65.5%, Tholokuhle 72.6%, and UniZulu 76.6%.

The performance was poor on questions 19 to 23 just liteeiprevious 2D skills test because
these questions were manifesting in strong 2D and madedéetification difficult for most
learners. For question 19, the right answer was (e) aral/grall mean for all groups was
55.5% with only UniZulu scoring a poor mark of 20%. Buhlebemfuaniraged 51%, Qhakaza
was the highest with 77%, while Tholokuhle and UKZN had 62.7%66értP6 respectively.
However, about a quarter (24.8%) of learners gave the wrongafisw(Buhlebemfundo
27.3%, Qhakaza 26.9%, Tholokuhle 23.5%, UKZN 16.7% and UniZulu 24.8%)

For question 20, with the overall mean of 42.8% the corregtaangas (d) and Qhakaza with
61.6% and from UKZN 59.2% performed better than Buhlebemfurnitho2d. 9%, Tholokuhle
41.2%, and UniZulu's 30%. Many learners (27.7%) selected the venmswger (b) such as
Buhlebemfundo with 30.9%, UniZulu 36.7%, Qhakaza 23.1%, and TholoRAt1é6. For
guestion 21, with the overall mean of 38.7%, only UniZulu avera@ve 50% by choosing
the right answer (c). Buhlebemfundo participants achieved 2QBfgkaza 27%, Tholokuhle
41.2% and UKZN 48.1%. The alternative answer (a) was selégt 21.3% of learners and
Buhlebemfundo had 36.4%, Qhakaza 26.9%, and UniZulu 26.7%. Questiwa®Bassed by

only a quarter 25.3% of learners who chose (c) and no schaveldsabove 50% where
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Buhlebemfundo averaged 21.9%, Qhakaza 34.7%, Tholokuhle 23.5%, UKZN 2806%
UniZulu 16.7%. A third (29.6%) of the participants chose the wrosgvar (e) with
Buhlebemfundo averaging 41.8%, Qhakaza 23.1%, Tholokuhle 35.3%, UK28 and
UniZulu 3.3%.

Question 22 is the only question showing huge 2D appearance mhbjority of learners
passed with an average of 61.5% by selecting the corragea(ls). UniZulu was the lowest
with 50% and UKZN the highest at 61.9%. Buhlebemfundo had 61.9%a@h®3.9% and
Tholokuhle 52.9%. The alternative answer (e) was pickedftith19.3%) of learners, 21.8%
of Buhlebemfundo, Tholokuhle’s 29.4% and UniZulu's 26.7%.

6.3.1.3. Folding Metal Sheets (2D to 3D Visualizatio n)

2D-3D Pattern Matching
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Figure 6.4. Charts illustrating scores on Matching Rategpresented in Percentage

Seven questions were used to evaluate learners’ abiltyainge 2D objects into 3D objects
where they had to mentally fold, along the perforated)ifiat objects made from pieces of
metal or cardboar(Fig. 6.4. With the overall mean of 44.5%, only UKZN with the overall
mean of 74.5% scored above 50%. UniZulu averaged 47.1%, Buhleben3f8u3d6, Qhakaza
26.7% and Tholokuhle 41.1%. Most learners lacked the mentaipnoy to visualise the

newly formed 3D objects from the 2D flat sheets.

For question 24 only 52.1% of learners were able to idem#\séemi-cylinder with closed sides
in (b). Buhlebemfundo scored 58.3%, Qhakaza 30.8%, Tholokuhle 3@0&%jlu 56.6% and
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UKZN the highest with 77.7%. However, 29% of all learners etihe wrong answer (c)
Qhakaza leading with 46.2%.

Questions 25 to 28 were also poorly answered. For qué&gionly 39.3% of the students
chose the correct answer (d) with only the universitiasiéga averaging above 50%, UniZulu
53.3% and UKZN 66.6%. Buhlebemfundo’s mean of 18.2% was thetldiebswed by
Qhakaza with 19.3% and Tholokuhle’s 39.2%. However, more stdayoers (37.2%) chose
the wrong answer (b) than those who selected the writeeariBuhlebemfundo 56.4% and
Qhakaza’s 57.7%). For question 26 the right answer (blea-tjuarter cylindrical shape was
chosen by 34.6% of learners. Only 48.1% of UKZN and UniZul6'$% scored above 40%.
Buhlebemfundo had 20%, Qhakaza 19.3% and Tholokuhle 39.2%. Ovettexr gfiall learners
(26.5%) chose the wrong answer (a) even though it was agetaa shape, that is, almost half
(45.5%) of Buhlebemfundo and about a third (30.8%) of Qhakaza.

For question 27 only 60% of learners chose the right answan@a)KZN was the highest with
88.8% Buhlebemfundo scored 51%, Qhakaza 50%, and UniZulu 53.3%61 D2% of all
learners selected the wrong answer (b). For questiomB83.3% chose the correct answer
(b) and more students (46.5%) picked the wrong answer (c).lBarhfando with 23.7%,
Qhakaza 13.3%, Tholokuhle 19.6% and 26.6% of UniZulu had thectamswer. Only UKZN
scored over 50% at 70%. Three quarters of Qhakaza (73.1%j, leibof Buhlebemfundo
(45.5%) and Tholokuhle (49%) had the wrong answer (c).

For question 29, the correct answer (a) was given by 56.88arfers. Qhakaza with 34.7%
and Buhlebemfundo with 47.3% had the lowest scores. Tholoktithlieed 56.8%, UniZulu
60% and UKZN 85.1%. However, 19.4% of all learners, 30.8% aké&ta and 23.6% of
Buhlebemfundo had chosen the wrong answer (b). Question 30 atasraone badly
performed with only 85.1% of UKZN choosing the correct amgaje Buhlebemfundo got
14.6%, Qhakaza 19.3%, Tholokuhle 39.2% and UniZulu 33.3%. Onttbelmnd 28.7% of all
learners, (Buhlebemfundo 49.1% and Qhakaza 42.2%) chosedhg answer (d).

6.3.2. Results on Logical and Numerical Skills

Thirty questions were used to assess the learner’syabilogically discern numerical and
logical and to apply them to new contexts. Participanteaett an overall mean of 45.9% with
only UKZN averaging above 50% with 70.8%. All other schools averbegs than 50% with
Buhlebemfundo at 37.72%, Qhakaza 46.7%, Tholokuhle 36.5% and UdidluMost
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learners performed well on questions not requiring muchgtitod his illustrates that most

learners had low reasoning skills and are underprepareddyat tertiary schools. (Fig. 6.5)

For question 31 with the overall mean of 70.4% for all studesited, “Which one of the five is
least like the other four (a) Bear (b) Snake (c) Cow @l [) Tiger” and the correct answer
was (b) because the others were four legged animals. Qhakazhe highest score of 92.4%
followed by UKZN with 81.8% and the lowest with 43.1% was Thold&. Buhlebemfundo
and UniZulu had 58.3% and 76.6% respectively.

Question 32 needed the word “BARBIT” rearranged in ordéorim the name of an animal
“rabbit” (e). The overall mean was 70.5% and UKZN was highvid 92.5% followed by
Qhakaza at 88.6%, Tholokuhle 82.4%, and Buhlebemfundo 69.2% Wridellu with 20%

was the lowest.

Question 33 asked “Which one of the five is least like ther dthe (a) Potato (b) Corn (c)
Apple (d) CARROT (e) Bean”. The correct answer wasdnd the others were vegetables,
chosen by 61.3% of all students. Qhakaza and Tholokuhlealidwth 84.7% and 70.6%
respectively. Buhlebemfundo was below 50% at 49.2% while U@l UniZulu had 51.8%

and 50%, respectively.

Question 34 asked learners to calculate some basic rathos ages of two brothers where,
“Salim, twelve years old, is three times as old ashother. How old will Salim be when he is
twice as old as his brother?” Only 31% of all participaisse the correct answer (b) “16”.
Buhlebemfundo had 23.7%, Qhakaza 11.6%, Tholokuhle 15.7%, UniZulu 3D%eanly
school that passed was UKZN with 74%.

Question 35 tried to find the best comparison to “Broth&w sster therefore niece is to? (a)
Mother (b) Daughter (c) Aunt (d) Uncle (e) Nephew” andt@overall 54.4% got the correct
answer (e) “Nephew”. Brother and sister, and niecen@pthew are all opposites. UniZulu was
the lowest with 3.3% followed by Buhlebemfundo with 47.3% andoKutle had 66.7%.
UKZN and Qhakaza were the highest with 81.4% and 73.2%, tespec

Questions 36 asked for comparison that if milk is to glass letter is to what, (a) Stamp (b)
Pen (c) Envelope (d) Book (e) Mail. The correct answewés chosen by 65.2% of all learners.
Buhlebemfundo learners attained 47.3%, Qhakaza 53.9%, TholdkaBkbh, UKZN 88.8%

and UniZulu 83.3%.
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Question 37 attempted to find the best comparison to “LB/6 EVIL as 5232 is to: (a) 2523
(b) 3252 (c) 2325 (d) 3225 (e) 5223". EVIL is the reverse spellind\dE; the reverse of 5232
is 2325, therefore, the correct answer (c) was chosen BY06if.all learners. Buhlebemfundo
with 49.2% and UniZulu with 46.6% were the lowest. The highedbrmers were UKZN with
96.2% while Qhakaza had 65.5% and Tholokuhle 51%.

Question 38 compared three items to ascertain if thens¢at "If some Smaugs are Thors and
some Thors are Thrains, then some Smaugs are defihitedyns” is (a) True, (b) False or (c)
Neither. Only 16.9% of all learners had the correct ansute no school getting over 50%.
UKZN was the best performer with 29.6 % and Buhlebemfunadb18.2%, Qhakaza 11.6%,
Tholokuhle 11.8%, and UniZulu 13.3%.

Question 39 asked for the best comparison to “Tree iotind as chimney is to: (a) smoke (b)
Brick (c) Sky (d) Garage (e) House”. The correct arsmas (e) “House” and only 28.7% of

all students were able to compare the two. House is tieeabgcause tree comes up out of the
ground, just as a chimney comes up out of a house. Only UtaaNed with 74%.
Buhlebemfundo had 29.1%, Qhakaza 23.1%, Tholokuhle 13.8%, and WidiZA%

Question 40 asked if the letters "MANGERY" are rearrangleat would one get (a) Ocean (b)
Country (c) State (d) City (e) Animal’. The answer ‘{Germany” was selected by 54% of all
learners and UKZN topped the list with 81.4%. Buhlebemfuratb47.3%, Qhakaza 38.5%,
Tholokuhle 52.9% and UniZulu 50%.

Question 41 wanted to find out “Which one of the five istléks the other four? (a) Touch (b)
Taste (c) Hear (d) Smile (e) See”. The correctvansvas (d) “Smile”, which was not like the
rest because the others are senses while smile imhdrgression, was chosen by 55.4% of all
learners. Buhlebemfundo had 38.2%, Qhakaza 57.7%, Tholokuhle 33r#26)u 53.3% and
UKZN had the highest mean of 92.5%.

Question 42 tried to determine who was taller than theottetween Sipho who is taller than
Peter, and Bill is shorter than Sipho. The right ansmaes (d) which stated that it is impossible
to tell who is taller between Bill and Peter without smorformation and was selected é%/2%
of all learners. UKZN had 74%, Buhlebemfundo 54.6%, Qhakdz200, Tholokuhle 60.8 %,
and UniZulu 73.3%.
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Question 43 asked for identification of an item that dieierent from others (a) stocking (b)
dress (c) shoe (d) wallet (e) hat. “Wallet” (d), whas least like the others and was chosen by
61.4% of learners. Buhlebemfundo participants had a me&h @¥%, Qhakaza 69.3%,
Tholokuhle 43.1%, UKZN 92.5% and UniZulu 60%.

Question 44 compared the sequences of numbers to algahbetters and coded CACAACAC
as 31311313. The overall mean was 73.0%; Buhlebemfundo particscantsl 69.2%,
Qhakaza 80.1%, Tholokuhle 66.6%, UKZN 96.2% and UniZulu 60%.

Question 45 asked if the letters "RAPIS" are rearranged mame would one get (a) Ocean (b)
Country (c) State (d) City (e) Animal”. The answe(d} “Paris” was selected by 56.5% of all
learners and UKZN topped the list with 88.8%. Buhlebemfuratb36.4%, Qhakaza 53.9%,
Tholokuhle 47%, and Unizulu 56.6%.

Question 46 asked whether the statement "If some BifulBadtes and all Gloins are Bofurs,
then some Bifurs are definitely Gloins" is (a) True (bls€ar (c) Neither. The correct answer
(b) “False” was selected by 24.9% of all learners witbldkuhle at23.5% and UKZN 18.5%
the lowest. Buhlebemfundo ha#d.5%, Qhakaz&7%, and UniZulu 30%.

Question 47 wanted to find the best comparison to “Waterice as milk is to: (a) Honey, (b)
Cheese (c) Cereal (d) Coffee (e) Cookie”. The right angwe'Cheese” meant that “Water
changes into ice and milk changes into cheese” wadegleg 55.4% of all learners.
Buhlebemfundo attained 38.2%, Qhakaza 61.6%, Tholokuhle 39.2%, BKZ% and
UniZulu 56.6%.

Question 48 asked “By what percent must the item be isede@ again sell the article at the
original price if it was earlier cut by 20%: (a) 15% (b) 208 25% (d) 30% (e) 40%".
Only 23.3% chose the correct answer (c) “25%”, Buhlebemfuttdmead 9.6%, Qhakaza
15.4%, Tholokuhle 13.8%, UniZulu 16.7 and UKZN 37%.

Question 49 tried to ascertain, “Which one of the fivieast like the other four? (a) Bottle (b)
Cup (c) Tub (d) Funnel (e) Bowl”. With the overall mean sa#rd7% only UKZN with 70.3%
passed. Tthe answer was (d) “funnel” as the others haididigvhile liquids pass through a
funnel. Buhlebemfundo got 36.4%, Qhakaza 19.3%, Tholokuhle 15.7%Jraddlu 43.3%.
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Question 50 asked how many cookies did Musa start with if edteng one and giving half the
remainder to her sister, she ate another cookie and gdw tdiat was left to her brother she
was left with five (a) 11 (b) 22 (c) 23 (d) 45 (e) 46. Only 27 of%earners chose correctly and
UKZN with 66.6% was the highest. Buhlebemfundo had 20%, QbhAka& %, Tholokuhle
13.8%, and UniZulu 26.6 %.

Question 51 tried to ascertain the difference betweealsn@hd non-metals (a) Copper (b) Iron
(c) Brass (d) Tin (e) Lead and 19.7% of all learners gla@eorrect answers (c) “Brass” which
is a combination of two metals while the others are simgals. Buhlebemfundo was the
worst performer with 10.9%, Qhakaza 15.4%, Tholokuhle 23.5% UK&R%, and UniZulu
30%.

Question 52 asked which one of the five was least like the fotlneif “Belt is to buckle as
shoe is to (a) Sock (b) Toe (c) Foot (d) Lace (e) Sétetformance was poor with 30.8% of all
participants giving the correct answer (d) “Lace”. Buhlehamdb scored 18.2%, Qhakaza
7.7%, Tholokuhle 23.5%, UKZN 70.3% and Unizulu 13.3%.

Question 53 asked whether the statement that follows &a)(b) False or (c) Neither: "If all
Wargs are Twerps and no Twerps are Gollums, then naG®lhre definitely Wargs." “True”
(a) was the answer as the assumption can definitely de.rAd 35.6% the overall pass was low
with Qhakaza achieving the lowest score of 4% followe8uylebemfundo with 23.7% and
UniZulu 30%. UKZN was the highest with 70.3% and Buhlebemfundo had 50%

Question 54 asked for comparisons to be made by asking “Whiabf tmefive makes the best
comparison” if “Finger is to hand as leaf is to (a) T({f®eBranch (c) Blossom (d) Twig (e)
Bark”. A low 24% selected the right answer (d) “Twig” be@leaf is attached to a twig as a
finger is attached to a hand. Buhlebemfundo got 10.9%, Qhaka%, Tholokuhle 19.6%,
UKZN 51.8% and Unizulu 30%.

Question 55 wanted to find out how many trips to the statdaln have to make to collect 9
cans of peaches if he could only carry 2 cans at a(ay% (b) 42 (c) 5 (d) %2 (e) 6. The overall
41.6% of students got the right answer (c) “5” even though foobtiee trips John would get
one can. Only UKZN learners averaged above 50% with the e€88e4%. UniZulu averaged
46.6%, Buhlebemfundo 27.3%, Qhakaza 23.1%, and Tholokuhle 29.4%.
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Question 56 wanted to find out how many students competeadiaifiiias 13th highest and 13th
lowest in a spelling contest. (a) 13(b) 25 (c) 26 (d) 27 (eJR&&.correct answer (b) “25” was
achieved by 13.6% with none of the schools obtaining means abovd béfé.are 12 students
lower and 12 students higher plus Zola is 25. UKZN was the higlitbsti4.4% while other
schools did not exceed 10% with Buhlebemfundo getting 7.3%, Qh@é&zdniZulu 6.7%
and 9.8% attained by Tholokuhle.

Question 57 tried to find out which one of the five was lékstthe other four? (a) Ham (b)
Liver (c) Salmon (d) Pork (e) Beef. The correct answes (c) “Salmon” is a fish and others
were meats and 56.6% of participants got it right. Buhlebedd averaged 67.4%, Qhakaza
38.5%, UKZN 77.7%, Tholokuhle 49%, and Unizulu 50%.

Question 58 wanted to find out if the statement “If adldpls are Sloops and all Sloops are
Loopies, and then all Fleeps are definitely Loopies")id (ae (b) False or (c) Neither”. The
correct answer was (a) “True”. The overall mean was 488P6UKZN the highest at 81.4%
followed by Qhakaza with 73.2%. Buhlebemfundo with 41%, TholokL&l&% and UniZulu

at 30% were the lowest.

Question 59 deals with measurements and asked which onefioktigleast like the other four
(a) CM, (b) Kilometre, (c) Acre, (d) Metre, (e) Mitlietre. Most learners (85.2%) selected the
right answers (c) “acre” which denotes an area, whiderést refer to distance. Buhlebemfundo
scored 85.6%, Qhakaza 88.6%, Tholokuhle 78.4%, UKZN 100% arbhluni3.3%.

Question 60 tried to discover which three coins Sipho redeifter a purchase from the
supermarket where he was given a change of R0.41 made up ofnsiXajoCents, (b) Five
cents, (c) Ten cents, (d) Twenty cents (e) FiftytgeThe correct answer was (c) “Ten cents”
because 3 ten cents, 2 five cents, and 1 cent is the adipfeosolution. The overall mean was
36.2% and with 59.2% of UKZN got above 50%. Buhlebemfundo averaged@idkaza
30.8%, Tholokuhle 23.5% and Unizulu 36.6%.
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Figure 6.5: Logical and numerical skills results for Bheechools.

6.3.3. Results on Communication Assessment
The overall communication results indicate that moshkya lack these skills. Buhlebemfundo
had the lowest score of 33.6 % while UKZN was the highest 88t1%. The other schools also

had low communication skills scores with Qhakaza get%), Tholokuhle 42.2% and
UniZulu 51.3%.
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6.3.3.1. Structuring Sentences

Questions 61 to 64 of this part of the assessment instrumvestigated the ability of students
to write well-structured English sentences with theetrtense. Learners had to choose the
correct word from the four provided multiple-choice alégives. The overall mean for the
participating schools was 64.6% and Buhlebemfundo averaged 5@Hekaza 61.8%,
Tholokuhle 47.1%. However university students outperformed thmosparticipants with
UKZN at 90.7% and 68.3% for UniZulu (Fig. 6.6).
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Figure 6.6: Charts illustrating scores on Structuring Segs represented in percentage.

Questione1 wanted learners to insert into blank space (a) “retandorder to form a sentence
“Refrigerating meats (a) ‘retards’ the spread of b#&ctel he correct answer was secured by
60.2% of all learners with Tholokuhle and Qhakaza attailmwgmeans of 39.2% and 46%
respectively. UniZulu had 60%, Buhlebemfundo 61.9% and UKZN 92.5%.

Question 62 needed learners to choose (b) to form a sefitémoaghout the animal kingdom,
‘only the whale is’ bigger than the elephant. The coraeswver was chosen by 69.4% of the
participants. Tholokuhle had the lowest mean of 51% folldweBuhlebemfundo with 56.8%.
Qhakaza had the mean of 80.8%, UKZN 92.5% and UniZulu 73.3%.

Questione3 majority of students (54.5%) chose the correct answewlflth helped to

construct the sentence “The fact ‘that’ money ordersusanlly be easily clased has made them

a popular form of payment”. Again, learners from high schoa®peed poorly with 46.6%
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for Qhakaza, Buhlebemfundo 35.3% and Tholokuhle 37.2%. Uniesrsiad higher means of
85.1% and 60% for UKZN and UniZulu, respectively.

For question 64 learners were supposed to form the sentBneednstitution of South Africa
gives parliament ‘the power’ to pass laws. Majority afrfeers 74.2% chose the right answer
(a). Buhlebemfundo averaged 74.5%, Qhakaza 73.3%, Tholokuhle 80K3®H, 92.5% and
UniZulu 79.9%.

6.3.3.2. Written Expressions

Six questions were used to test the ability of learmegsve well structured English sentences
by identifying the part of each sentence that was noogpitely written(Fig. 6.7). With the
exception of UKZN, with the mean of 51.9%, no other schoakstabove 50%.
Buhlebemfundo had the mean score of 34.9 %, Qhakaza 48.8%halo#uhle 46.4% and
UniZulu 41%.
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Figure 6.7: Charts illustrating scores on Written Expossgepresented in percentage

For question 65 the overall mean was 59.5% with Buhlebemfwetaging 47.3%, Qhakaza
57.7%, Tholokuhle 54.9%, UKZN 88.8% and UniZulu 43.3%. Learners sugneosed to
choose (c) “with” as it was the word which made the esgpom wrong.

For question 66 the correct answer was “identificationt esmde the expression to be wrong.
The overall performance for all schools was 57.4% and UK&AKI the highest with the mean of
96.2%. The lowest were Buhlebemfundo and UniZulu with 38.2% and ddectively.
Qhakaza had 57.7% while Tholokuhle settled for 54.9%.
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Question 67 with the overall mean of 46.8% was poorly peddrmll groups excluding
UKZN with the score of 81.4% had poor score. Buhlebemfuadiold.6%; Qhakaza 42.4%;
Tholokuhle 39.2%; UniZulu 36.3%. Learners could not discerntfigatvord making the

expression wrong was (a) “deficient”.

For question 68 (c) “foot” was the incorrect word thatlméhe sentence to lack consistency of
numbers. All schools averaged less than 50% except UKZNmeéan of 92.5%. Therefore, it
was mostly UKZN learners who realised that “foot’areéd to the two front feet of the gopher.
Buhlebemfundo attained 40.1%, Qhakaza 30.8%, Tholokuhle 37.2%reddll40%.

For question 69, with the overall mean of 59.8%, Buhlebemfundeddtioe lowest marks
38.2%, followed by UniZulu with 40%. Other schools scored above s Qhakaza
achieving 61.6%, Tholokuhle 58.8% and UKZN 88.8%. Almost 40%aohkrs pluralized the

name Mark Shuttleworth by choosing (d) “them” which mdaedentence incorrect.

For question 70 again, except UKZN with 81.6%, other schoolerpged poorly and
Buhlebemfundo 31% and Tholokuhle with 33.3% were the worst peefsrfollowed by
Qhakaza with 42.4% and 46.6% for UniZulu. The overall perfaoador learners was 46.9%

and these few realised that (d) “more large” is gratreally incorrect.

The results show that learners could not determine ififfngkpression were well written or
not. This explains most learners’ inability to commuredatEnglish by the time they reach

tertiary education.

6.3.3.3. Reading Comprehension

In this section ten questions were used to measure teaahdity to read and understand short
passages similar in style to those found in tertianjtirions. Learners read a passage followed
by a number of questions related to the passage. Afaire was poor performance regarding
the reading comprehension skills (Fig. 6.8 below). The overahrfe all schools was low at
48.9% with none of the high schools averaging more than 50%. Tdresuoeres were 33% for
Buhlebemfundo, 46% for Qhakaza, and 37.7% for Tholokuhle. Howe¥etN had 77% and
UniZulu exactly 50.6%.

Questions most learners performed well on were thoseriregisimply pointing to the answer

in the passage and not involving any thinking or problem-solkitig.s
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Question 71 wanted to ascertain whether learners underbmeddence of the passage and
68.7% selected the correct answer (b) “Kenyan politicdi alit school scoring above 50%.
Qhakaza was the highest with 80.8% followed by UKZN with 7B%hlebemfundo had
61.9%, Tholokuhle 66.6% and UniZulu with 53.3% the lowest.

Question 72 also wanted to find out what “the word ‘thaylirie 2" referred to and only 63.8%
of all learners chose the correct answer (c) “John dradl€s”. Only Qhakaza attained a lower
than 50% mean of 33% while UKZN was the highest with 92.83hldbemfundo was 67.4%,
Tholokuhle 72.6% and UniZulu 56.6%. For question 73 only 51.1% tdaalers gave the
correct answered (d) “appealing” which was closest iammg to “charismatic”. The means
were high for the universities as UKZN had 74% and UniZ99% and were low for the high
schools as Buhlebemfundo had 21.9%, Qhakaza 30.8 %, Tholokufé.19.

Question 74 tried to discover what the two men enjoyed anahtheer was (a) “the buzz of the
city” and 55.8% of all students got it correct. Only Qlmkand UKZN passed with 61.6% and
85.1% respectively. Buhlebemfundo had the mean of 27.3%0oHRuide 33.3% and Qhakaza
43.3%. Question 80 wanted learners to point in the passage itvkleogved that the bus had
problems, and 73.6% of all learners gave the correct arfsyvéine 31”. Buhlebemfundo had
34.6%, Qhakaza 80.8%, Tholokuhle 60.8%, UKZN 96.2% and Unizulu 56.6%.

Many second language English speakers gave wrong answersqubstiens needed

inferences to the passage and deeper level of thinkingxpasted.

Question 75 asked which phrase had the closest meaning tantbgraround” and the correct
answer (b) “sitting down and doing nothing”, was chosen by 34fA%e learners with
Buhlebemfundo averaging 23.7%, Qhakaza 27%, Tholokuhle 37.2% UniZulb,26na

UKZN - 48.1%. About 42% of learners, Buhlebemfundo’s 38.2%, Qleek#®5.4%, UKZN'’s
48.1% and 46.7% from UniZulu, chose the wrong answer (a) “rufirongplace to place” not

(b) even though the passage states that the two halléagbbs and were not doing anything.

Questiorve asked learners to choose the statement the autholomeshfas not important in
order to change society. The total number of learnerssaigpthe correct answer (b) “fast
talking politicians” was 36.8% and only UKZN with 63% eaged more than 50% as
Buhlebemfundo had 18.2%, Qhakaza 34.7%, Tholokuhle 19.6% and UniZaluNégny
learners chose the wrong answer (c) “representing the \aiities voiceless”, for example,

Buhlebemfundo 29.1%, Qhakaza 30.8%, Tholokuhle 31.4%, and UniZulu 23.3%.
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Question 77 asked students what John and Charles joinegaséege explicitly stated that
they joined (d) “one of the opposition parties” and only 57%tlyat correct. All high schools
attained less than 40% on this question with Buhlebemf@i®%, Qhakaza 38.5% and
Tholokuhle 21.6%. The two universities had high means, UKZR9&nd UniZulu 79.9%.
The wrong answer (c) “rioting groups of the village” waeaed by Buhlebemfundo’s 38.2%,
Qhakaza'’s 34.6%, Tholokuhle’'s 37.3%, UniZulu’'s 26.7%, and 11.19KaMN's.

Question 78 asked which phrase meant change brought aboutdsglitiaey people and only
33.1% of learners gave the correct answer (a) “changegtplace from grassroots level
upward”. Buhlebemfundo had the mean of 21.9%, Qhakaza 19.3%Kkilihte 13.8%, UniZulu
59.2%, and UKZN 40%. An equal number of students (30.3%) ¢hesgrong answer (c)
“relationship is in the eating together” (Buhlebemfundo witt324,. Qhakaza 38.5%,
Tholokuhle 39.2%, UKZN 33.3%, and UniZulu 13.3%).

Question 79 asked which phrase had the closest meaningsootw the door” and the correct
answer (a) “leaving” was chosen by 53.5% of all learrBuslebemfundo scored 25.5%;
Qhakaza 53.9%, Tholokuhle 31.4%; UniZulu 88.8%, UKZN 40%.

Question 80 wanted learners to point in the passage wistr@wved that the bus had problems.
The correct answer (c) “line 31" which states thatdihe had a flat tyre was chosen by 73.6%
of all learners. Buhlebemfundo with 34.6% was the only ortediianot get the answer correct.
Qhakaza had 80.8%, Tholokuhle 60.8%, UKZN 96.2% and UniZulu 56.6%.

Reading Comprehension
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Figure 6.8: Charts illustrating scores on reading compsabremepresented in percentage.
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6.4. SUMMARY OF RESULTS

Broad investigations were carried out on two imporkeautning skills of literacy and
communication and results showed the schools’ overall pass eyeait47.1% on literacy
and 52.4% on communication skills. However, for the whole testwhen combining both the
literacy and communication components, the overall mearb@d86. Due to higher admission
scores required by UKZN, their learners performed b#ten those from the UniZulu and high
schools. On the overall performance, apart from UKZN learoktained a mean of 75.4%, all
other schools obtained scores of less than 50% with Buhfabeo having the lowest score of
39.9% Qhakaza 47.2% and Tholokuhle 42.7%, learners from UniZulinbaderage score of
45.7 (Fig. 6.9).
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Figure 6.9: Performance of student in different skills.

Literacy comprised of visualisation, logic and numeracy wéol@munication consisted of
reading and writing skills. Visualisation skills tested 3D, and 2D — 3D skills. Most students
performed well on the 3D skills averaging 62.1%, but had 41®%@oand 42.3% for changing
2D into 3D objects. For logical skills, the overall meandll schools was 53.4%. On the
numerical skills test performance was low at 36.6%. Riagaicommunication skills, two
components of reading and writing were tested and, leasteegagth was more on writing with
55.6% and less on reading with 45.2%.
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Results show that most learners have generally poor matbaht@6.6%) and reading (45.2%)
skills. Even where performance was good the scores t&tebeds the pass mark of 50%, for
example, the overall performance for visualisation was 51la@ig, 53.4% and writing 55.6%.
These results reflect the functional skills most youogts Africans bring to tertiary institutions
(Fig. 6.9).

These results indicate that on the one hand the countgisnunity schools are not producing
learners with sufficient skills to function effectivelytartiary level. While on the other hand,
the previously blacks only universities are still strugglimgompete with institutions such as

the UKZN in attracting a higher calibre of learners.

6.5. ANALYSIS OF LITERACY AND COMMUNICATION PROFICI ENCY

The Persona Outlining Model's properties are indicatorsiwhige a clearer indication of the
social and economic background of a learner. Amory and &®a@003) state that these
indicators need to be taken into account whenever leassessment is done. Therefore, in
analysing POM properties, quantitative analysis was caedwsing SPSS (SPSS Inc). The
Pearson correlation was used on normally distributedadatahe Spearman Rho correlation on
data not normally distributed. The Pearson correlatiethod was used to calculate the linear
relationship between the different variables: “The datien coefficient measures the strength
of a linear relationship between two variables. The drom coefficient is always between -1
and +1. The closer the correlation is to +/-1, the clasa perfect linear relationship”

(http://www.cmh.edu/stats/definitions/correlation.htm).

6.5.1. Literacy
6.5.1.1. Literacy versus Overall Performance

In order to ascertain the importance of functionardity on academic performance an
investigation was carried out to find out if there isoarelation between this and overall
performance (Fig. 6.10). The majority of learners didpastorm well in the literacy test with
only UKZN scoring above 50% on both literacy (73.8%) and ovpeaifbrmance (76.8%).
Tholokuhle learners had the lowest literacy mean of 40.5%@waerall performance of 42.5%.
Buhlebemfundo students scored 42.4% on literacy to 43.1% onlqwverfarmance; while
those from UniZulu had 44.6% for literacy and 46.5% on the dyseebrmance. Qhakaza

participants had a mean literacy score of 45.3% and oyeandtirmance of 51.6%.
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Figure 6.10: Relationship between literacy and ovegratiormance per school.
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Figure 6.11: Relationship between literacy and ovgratiormance

The Pearson correlation was used to determine whethervilas any linear relation between
the two skills. The low significance value of p < 0.0001r¢€lation is significant at the p <
0.05 level, 2-tailed) indicates that the variables are sigmifly different, however, the high
correlation coefficient of 0.909 means that the twodsnectly positively related. The Scatter
Plot (Fig. 6.11) shows the existence of a linear relaliprisetween literacy and the overall
means. As the literacy skills improve so is the generabpeeince which means that students
with high literacy skills perform better than those watv literacy proficiency.
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6.5.1.2. Literacy versus Communication

There was a need to ascertained the correlation betemcy and communication skills as
most students who took the test came from backgrounds wheristEngk not just their second
language but third or forth language. The Pearson corre(@®8S) was used to determine any
linear relation between the two skills. The low signifoaralue of p < 0.0001 indicates that
the variables are significantly different. However, the lugtrelation coefficient of 0.926
suggests that the two are directly positively relatedetbee, as literacy is strongly related to
communication skill (Fig. 6.12). This indicates that prefimy when learners develop
proficiency in literacy their communication skills alsqoimave and vice versa. This is the
reason learners from the community schools are poor on btghwehile UKZN learners

demonstrated high competence levels on both skills.
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Figure 6.12: Relationship between literacy and comoation

6.5.1.3. Literacy and Gender

An investigation was undertaken to determine whether gendemnfgasgnificant role in the
literacy performance. The results indicate that ltgnaerformance by gender is skewed
towards males who attained a mean score of 46.4% whilef¢inegrie counterparts had 44.8%.
The UKZN males had the highest literacy score of 74 @¥vied by UKZN females with
71.2%. Tholokuhle females had the lowest mean score of 3%86tydd by Qhakaza males
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with 41%. UniZulu females had literacy mean of 41.2%, UniZoéles 45.2%, Buhlebemfundo

females 42.6%, Buhlebemfundo males 42.3%, Qhakaza females)48.5%

In order to determine the correlation between the pedaces of the different gender groups
the Independent Samples t-test, which compares the two greamps, was used and equal
variances for both groups were assumed because of tistgoficant value of p < 0.004 on
Levene’s Test. Because of the high significance value (p= 0.b%he confidence interval
(-7.16377 and 1.060968) the two groups were not considered angwlifféherefore, regarding
the performances on literacy by the two sexes, the shesvs that they are not statistically
different (Fig. 6.13).
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Figure 6.13: Representation of performance on literacksskylgender.

Three aspects of literacy were examined in this studytees® are visualisation, numeracy and

logical skills as discussed below.

6.5.1.4. Visualisation Skills

The Pearson correlations results between visualisatmbfogital skills was (0.270) and
visualisation and numerical (0.257), and visualisation and conwation (0.287) illustrating
that there exist a weak linear correlation betweerethagables. The low significance levels
between visualisation skills and these skills (all with@801) indicated that all groups were

significantly different.
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The role of gender in articulating the visual world was ssssand females obtained 53.3%
outperformed their male counterpart who scored 50.1% 6Fig). The results were subjected
to the Independent Samples t-test, which compared the tansmeas carried out and the
unequal variance was assumed because of the high Levehelheehigh significant value for
the t-tests (p = 0.271) and the confidence interval which srearo (-0.737 and 2.608) meant

that performance for the two groups was not significadhitferent.
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Figure 6.14: Representation of performance on visual &kilgender.

Regarding the three different components of visualisa#ibn 8D and 2D — 3D) more analyses
were undertaken to investigate the relationship of gendathasd skills. The overall means for
2D skills were 42% for females and 41.7% for males. Ragatte 3D skills, the overall mean
was 59.5% for females and 64.2% males. When 2D and 3D testsugected to the
Independent Sample t-test, the unequal variances for lesthswere assumed because of the
high significant value on the Levene’s test of p = 0.292skills and p= 0.624 for 3D skills
tests. The high significant values for the t-tests 00843 for the 2D and p= 0.173 for the 3D
coupled with the presence of zeros in the confidence aitefor 2D (-0.627 and 0.674) and 3D
(-1.592 and 0.288) demonstrated that there was no signifi¢gemedce between performances
of the two genders. These results confirm assertions malertyyet al. (2000) that research
on “visualisation factor” had not shown any differencesvben the genders or at times “the
difference is small”. Burimt al. (2000) explain that there are many ways of solving 2D
problems and men and women may differ in their approachesdold still arrive at the same
result.
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Osodo (1999) found that male students were more ably to llgeotate 3D objects than their
female peers. These results are also supported by &@in(2000) who agreed with the
established norms that the skills to rotate 3D objeetsuis males. However, the results for 3D
rotation in this study indicate that performance betwbese genders is not significant different
(t-tests show negligible difference between the 3D skillsnsef4.78 for males and 4.76 for

females).

Regarding changing the flat 2D objects to 3D objects (2D)-the t-tests results show different
means for both genders (females 3.63 and males 4.21). Onlysityig¢ndents passed in this
section (UKZN: Females 57.1% and males 80% and UniZulu:9V&0éo and females 50%).
No school students passed as they all obtained means beloy@b@kaza females 23.5%,
Qhakaza males 27.4%, Tholokuhle females 36.1%, Tholokuhle A2K%, Buhlebemfundo
females 25.5%, and Buhlebemfundo males 44.2%) (Fig. 6.15).
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Figure 6.15: The Box plot showing the means on visual dkillboth gender.
The Independent Sample t-test gave a low significance ¢ak®.0361) in the Levene’s test,
leading to the assumption that the two means for botls sesiee equal. However, the t-test

gave a low significance value of p = 0.039 and the absermsr@in the confidence interval (-

1.144 and -.018) illustrated that there was a significaférdiice between the two genders
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regarding their ability to transform 2D planes to 3D otgj@ath males more mentally able to

transform 2D objects into 3D objects than females.

6.5.1.5. Logical Skills

The correlations between the logical skills and othédisskie varied as some showed strong
and others weak linear relationship. According to thedeeacorrelation test the relationship
between logical and numerical skills is weak (0.556)|dbe and communication relationship
demonstrated a strong correlation (0.757) and the correlztareen logical and visualisation
skills (0.183) is not significant. The significance levattween logical skills and the other
skills (numerical and communication) was p < 0.001 angdmrmt logical and visual skills

p = 0.012. These low significant values illustrate thatgroups were significantly different.
Therefore, there is a strong positive correlation betwegical and communication literacy
while logical and numerical skills give a weak correlatidowever, there is an insignificant

relationship between logical skills and visualisation sKHig. 6.16).
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Figure 6.16: lllustrate the normal distribution of learsi logical skills.

6.5.1.6. Numerical Skills

The Pearson correlations between numerical skillsofimer skills are relatively weak for
numerical and logical skills (0.556) and for numerical asmunication (0.509). The

correlations are linear and positive but are very weakdsst the numerical skills and logical
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and communication skills. Again the low significance lewélp < 0.001 between the numerical
skills and other skills indicate that the skills agngicantly different. The exception was with
the relationship between numerical and visualisationsskilp = 0.257 and with the significant
value of p < 0.001. This demonstrated that there is no signifassociation between the two
variables (Fig. 6.17).
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Figure 6.17: Normal Q-Q graph showing the distributioleafners’ numerical skills.

6.5.2. COMMUNICATION SKILLS
6.5.2.1. Communication vs. Overall Performance

Comparing how communication skills affect the overall perforradahe results indicates that
there is a direct relationship between the communicatiorrenaverall performance. Students
with good communication seem skills (English in this instperform better at school than
those who have low communication skill levels. However, onlgl@wemfundo’s students had
a worse communication results (38.5%) than their overdibpeance marks (43.1%) which
could be a reason why they performed so poorly (Fig)6Learners from other schools had
slightly higher communication results than overall perforraanarks with UKZN the highest
with communication 83.5% and overall performance 76.8, UniZwimieunication 47.7% and
overall performance 46.5%), Qhakaza (communication 55.6%\aedll performance 51.6%)

and Tholokuhle (communication 44.6% and overall performance 42.5%
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Figure 6.18: Comparing means for communication ancatiygerformance

The results were subjected to the Pearson Sampksit t#der to determine the correlation
between the communication skills and the overall performdie®e was a strong positive
correlation between communication and overall perform@n@21). The significant difference
between the two means was p < 0.001 indicating that tiebles were significantly different.

There is a strong positive correlation between commuaicand the overall performance (Fig.
6.19).
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Figure 6.19: Learners’ communication versus overall perdoce.

The following section attempts to establish whether themayselationship between

communication and the different skills. The Pearson adiogls show strong linear relationship
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between communication skills and some of the skills witreteeption of the numerical skills.
There is a strong positive correlation between commuaicand logical skills 0.742, and
communication and visualisation skills 0.763. However, themensak association between
communication and numerical skills (0.509). The significhffierences between
communication skills and other skills were all p < 0.00dicating that the variables were
significantly different. The significant difference waeasured at less 0.05. These direct
positive correlations signify that as communication skifisrove or worsen even the other
skills do improve or deteriorate. However, the rate ohgkebetween communication and
numerical skills is not evident in some instances dubkdaveak relationship between the two.

The Fig. 6.20 demonstrates the relationships based on the axgnred by the learners.
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Figure 6.20: Means for the four skills associated withidicy and communication

Comparing each of the different skills to the communicatioifsgkie results show a low
significant value of p < 0.001 suggesting that performamtieese skills are significantly
different. However, the reason for these results coulelaéed to language skills as it could be
argued that results for these tests require proficienBnglish which is not the mother tongue

of most of the learners who participated in the study.
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6.5.2.2. Communication and Gender

Regarding communication and the performance of the diftegenders the overall means show
that males with 53.8% outperformed their female countesparo had the overall mean of
45.9% (Fig. 6.21). UKZN males had the highest mean sc@4.8%6 followed by UKZN

females at 80%. The worst scores were from females Buimebemfundo and UniZulu with
37% and 38% respectively. Buhlebemfundo males had 40.7% andlWsiZ9.6%. While
Qhakaza scored, females 54.7% and males 57%, and Tholddmralkes 43.8% and males
45.2%.

Communication by Gender

@ Female m Male

100.0

S 800 1

o

a

= 60.0 -

)

X

g 40.0 -

2 1
20.0 ‘ ;

UND Unizulu Buhlebemfundo Qhakaza Tholokuhle
Schools

Figure 6.21. Performance in relation to communicationgemdier.

In order to determine whether there is a correlation twender and performance in
communications skills test an Independent Samples t-tasstusel and unequal variances for
both groups were assumed. Because of the high significanee(pad 0.106) in the Levene’s
test the unequal variances assumption was made. The titesd gggnificant value of p = 0.923
and the confidence interval containing zero (-10.79943 and 9.77368) iticates that the

two groups were not significantly different. Thereforender does not have any bearing on the

communication skills of these learners.

6.5.3. OTHER POM PROPERTIES
The following section deals with the second part of the P@#tument and researched other

factors which might affect performance of learners sisctheir social and economic
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background and this includes: (i) Household income; (ii) @&tedhof living index (comprises

mainly the households possessions); (iii) Home language grifidiacation of family members.

6.5.3.1. Household Income versus Performance

Households incomes varied substantially (Fig. 6.22). Thedaoggéegory of students (45.2 %)
came from families earning less than R15,000 (15K) per anStudents coming from families
earning between 15K and 50K made up 18% of the sample, while tstedaning from

families with annual earnings of between 50K and 80K &ode80K made up 21.3% and

15.4% of the sample respectively.
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Figure 6.22: Analyses of the financial background of learaecerding to schools.

With the exception of UKZN students with 14.8%, most studesmtse from households with
combined salaries of less than R15K per month (Buhlebemfund®&o7 @hakaza 38.5%,
Tholokuhle 43.1% and UniZulu 53.3%). The distribution of salamesrey UKZN learners’
households was uniform across the three top categotie 6% earning between 15K and
50K, 25.9% between 50K and 80K, and 29.6% over R80K. Buhlebemfaatd812% of its
students coming from families earning between 15K and 50K, azhak 7%, Tholokuhle
31.4%, and UniZulu 18%. Those earning between 50K and 80K Buhi@b@onhad 3.6%
Qhakaza 30.8%, Tholokuhle 19.6%, and UniZulu 26.7%). With incainege 80K
Buhlebemfundo averaged 1.8%, Qhakaza 23.1%, Tholokuhle 5.9%IUAiZ.4%.

The Independent Samples t-test was used to compare the afiesindents from different
salary categories to determine whether family incomeahgsnfluence on performance. The

results show that performance and salary are directjeckl The results indicate that with an
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increase in the household income performance also imprieeesalary groups closer to each
other the difference is smaller. For example, comparingées from households earning less
than 15K with students from the 50K-80K bracket the t test ineBddiat there is significant
difference with those who are well off performing betidh mean difference of 6.031. The
significant value of p = 0.0273 and the absence of zdtteinonfidence interval (1.3412
21.7392) again illustrate that the two performances wgrefisantly different. However, the
gap increases even more (17.57) when the comparison is witfttime bracket of over 80K.
The low significant value (p = 0.001) and confidence intergataining no zero (7.9911 and

27.1513) meant that the difference is substantial. Theséigare illustrated in figure 6.23.
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Figure 6.23. Analyses of performance in relation to fainitpme.

6.5.3.2. Parents’ Education versus Performance

Most students came from households with low levels of educahat is, where in majority of
instances both parents did not have a high school certifithést-test analyses (p = 0.007)
show that learner performance is directly related torpa@ucation level. For example, the t-
test shows that learners (mean score of 62.53%) whosersibthes a university degree
performed better than those (mean score of 45.77%) whaibere have a matric certificate
only. Comparison between student performance and the emutatel of the father resulted in

a similar result. However, performance was similahwib significant difference for those
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students whose parents either had a matric (grade 12)da Hoecertificate. The results,
therefore, indicate that learners with uneducated pagentst perform as well as learners with

educated parents.

6.5.4. The Standard of Living Index

The presence of any eleven household items, typically fouaan and semi-urban South
African homes, is used to define a Standard of Living Ir{@&X). This index consists of the
following items: electricity, running water, car, fridgeicnowave, television, cell phone,
Telkom phone, computer, laptop and Internet connection. An indext@thzerefore represents

a low economic status and an index of 11 represents a higbneicostatus.

The results show that a number of items in a househahbtdoave any significance on the
performance of students (Fig 6.24). For example learnershomrseholds with one item
(Iteml) averaged 39.8%, those with 2 items 53.6% while thabateins seven equalling
46.2%. Over 90 percent of students come from households wheresthaneing water

(96.3%). Most had accesses to a cellular phone (91.5%) andl® tearners (81%) have land
telephones in their homes. However, only 18.5% have access poitars) 10.1% to laptops
and only 5.8% of the sample have access to the Intermetndmber of households with cars is
25.4%, fridges (49.7%), microwave (27%) and television sets (54%).
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Figure 6.24: Analyses of the Standard of Living Index
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Therefore, in order to measure the association betavegmber of items in student’s
household and their performance, Spearman's Rho correl&sperformed. This test
indicates that there is no association between wihdésts have in their household and how
they perform in class. The correlation was very weak-& 077 indicating that there was no
correlation between the number of items and perfoo®aThus, there appears to be no

relationship between SLI and performance.

6.5.5. Home Language versus Performance

The Spearman Rho correlation method was used to detelmieéf¢ct of language (English
versus isiZulu) on performance as data were not normaligilalited the Levene’s t-test was
used to determine the equality of means. Analyses shihaethere was a significant
difference in performance between English and isiZululsgeathere is a weak linear negative
correlation between home language and the performancelisasioa (-0.339), logical

(-0.476), numerical (-0.339) and communication (-.492) skillssthall significance levels

(p < 0.001) indicate that home language and performancegarkcsintly positively correlated
and language and the skills are linearly related. Engliguéege speakers performed better than
isiZulu speakers in all the different categories, egualisation (75.9% to 48.5%), logical
(77.4% to 49.8%), numerical (65.7% to 32.7%) and communication (80.4%2%).

Therefore, there is a strong relationship between pegiacmand fluency in speaking English.

6.5.6. Number of Siblings versus Performance

The Pearson correlation method was used to calculaliedae relationship between the
number of sibling and the different skills. The low sigrifice value between the number of
sibling and numerical (p < 0.001), communication (p < 0.001) lb@ica 0.001) skills and
visualisation (p = 0.033) skills indicate that the numbesilifings appears to influence
performance. However, the correlations between siblindggparformance are weak. On the
overall performance, the significant value of p = 0.00015 &tdgcthat the differences in

performance significant. The Pearson correlation (-0.2728ysthat the relationship is weak.

6.6. REFLECTION AND DISCUSSION

“Education lies at the foundation of many issues in IS@ditica today” (Andersormet al., 2001).
These authors also state that it is not possible taligeate racial, social and economic issues
without looking at the role of education. The current study atd&that such socio-economic
issues do play a significant role in the way learnersopmarait school. In a discussion on spatial

visualisation in engineering, Strong and Smith (2002) argueltagability to perform complex
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mental manipulations of objects has been established asliatpr of success in several
technology related disciplines”. Shalla and Schellenberg (Z00mhy that 50% of Canadians
living in low-income households have low-levels of literaoynpared to 8% of those with
high-literacy levels. It is, therefore, often diffictidt divorce the relationship between race,

earnings and school performance.

Race and economic status appear to be directly relatetidolgperformance. Van der Berg
(2002) reports that from literacy and numeracy tests coeduict1993 with 12-18 year olds
both black and white students performed badly; also whalektstudents averaged 78% of
white years of education, their literacy and numeraoyescwere 55% and 47% of the white
levels respectively. However, in academic terms 55% and 4&%ignificantly different as
they can determine who could be admitted at tertiary schioslfor this reason that scholars
such as Corley (2003) argues that race appears to bestgueractor in employment statistics,
educational attainment and the acquisition of liter&disswith significantly higher
unemployment rates and lower educational attainment rategyeBfeck and Hispanic
Americans than among White Americans. However, Luck&9%) contends that gender and
race, socio-economics, access and curriculum are the faejors involved in poor

performance.

Schéfer (2003) working with secondary schools in the Easimpe @und that rural, or
township, schools performed poorly in spacial and visuaisabnstructs. Also, rural schools
performed poorly in 3D problems and those characterizegpbgial orientation constructs. In
this study, it was found that most learners lackedsstalcomprehend the combination of
rectangles, circles and/or triangles. They also ladkedbility to visualise rearranged objects;
participants performed better in questions related t¢hdD to 2D visualization; and that
learners from UniZulu and the three secondary schools lackedbitltg to visually transform
2D flat sheets into 3D objects. In every case particgpirom UKZN outperformed scholars

from other groups in the tests associated with visuadizati

Andersoret al. (2001) found that there are no gender gaps in South African suhbolk that
there is a racial gap that is influenced by school qu@lé. economics). This was also
discovered by Osodo (1999) who found that White learners perfdretest than their Indian
and Black counterparts did in visualisation skills and Black and Indian learners were better
in 3D than in 2D visualisation skills. Osodo (1999) also fotnadl Black and Indian students
improved their visualisation skills with increased exposurgsizal objects and advances in

their studies.
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One of the most valuable sources of data on educati@musehold survey data (Andersgn
al., 2001). In this regard, Schéfer (2003) found that there viagghecorrelation between poor
performance and poor socio-economic background. Such mekip may explain the
difference found in this study. Strong and Smith (2002) shateage, gender, individual
differences, experience of sufficient length may improvéop@rance. Thomas and Higbee
(1996) argue that educators need to change their technitihesdlassroom to incorporate a
variety of methods which include those that stimulatealisation skills. The Pearson
correlations between the visualisation test and thadedeaal (0.183), numerical (0.257) and
communication skills (0.777) were similar and significarthat0.01 level; while between
visualisation and family income (Pearson Correlation -0.0@8¥twas no statistical
relationship. Therefore, it appears likely that visualsaskills may be related to prior
experience and that educational practice should includg meh activities to overcome this

problem.

In a recent study in Ghana, Blunch (2002) found that culhaahs and background were
important determinants of literacy and cognitive slltgl that females were far less likely to be
literate than males. This is supported by Amosiral. (2004) who stated that for any training to
be effective facilitators should be well aware of thekgaaunds and contexts of the
participants, such as age, religion, geographic locatiomreulir personal experience, €ihe
results attained in the present study confirm the assemmaale by Blunch that the level of
parents’ education also plays an important role irdgnelopment of children’s literacy and
cognitive skills as the results showed that performancenhigagr for children from families

with more educated parents. The results illustrateethearners who come from the higher
income brackets perform better than those coming fromliésnthat are poor. The gap
increases directly with the income gap. The study alsoskimat performance of learners is
high among learners whose parents are educated. Andeeso(2001) state, “It is not clear
what causal mechanisms drive this relationship”. Howeklieset authors argue that such results
may be due to the ability of parents to help their childvéh their schoolwork or it may be that
such families live in better neighbourhoods with betterratmes and schooling facilities which

influence the children’s performance at school.

Results from this study found that for the section on nueyead logic participants scored an
average of 46%. Many, but not all, UKZN learners were tthéswer most of these questions.
With respect to literacy (reading and writing) learnendgrmed well in structuring sentences

but many were weak in constructing simple present temsers®s. Most learners were not able
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to tell if expressions were well written. Results frtira reading comprehension also indicate
that South African learners cannot read and understandpEtssages; especially learners are
not able to make sense of meaning by inference. Thestsresdecially those from university
scholars, are difficult to explain fully. Literacy ratesve increased by 10% over the past 10
years (EarthTrends Country Profile, http://earthtremdsrrg). However, Pearson correlations
between communication skills and visualisation (0.777) and betegemunication skills and
logical (0.757) were quite high which meant that thereavstsong positive linear relationship
between these skills. The correlation between commuaicahd numerical skills demonstrated
a positive linear relationship of 0.509. For the mathematicdilgency test questions were
written in English, which could lead to the argument gadr performance in this skill is a
result of poor understanding of the English language (communicsilés) used by most
learners. However, factors other than language areraletved, as there is also a strong
relationship between communication and visualisation, whitimat require the use of English.
Spearman correlations between home language and visualizagjimn communication and
numeracy were -0.339, -0.476, -0.492 and -0.448 respectivalsiEspeakers also
performed better than did isiZulu speakers. However, fadiher than language might be

involved as numerical and visualisation skills appear tsttmmgly related to home language.

The results also indicate that there may be a fundahpmotalem with the educational system
as the system does not fully equip learners with basic.dkéésners go through 12 years of
primary and high school education without learning visual, Jogimerical, reading, and

writing skills. While the socio-economical status of gasants may influence their
performance, it is necessary to seek ways to transtoe educational practices. It is suggested
that a more social constructivist approach to learnirggimary and secondary schools might
assist learners in promoting participation, hands-on apparatbommunication. In addition,
the issues related to language competency need to besettles these might affect other

skills.
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Figure 6:25: Addition of quantified and demographic data to desthie Persona Outlining Model.

Newman and Lamming (1995) propose the use of fictitious as@ersona, in the development
of software. However, Amory and Seagram (2003) argue thedeeidata are not built from
real data (both quantitative and qualitative) and canefibier, not be subjected to vigorous
evaluations. The results obtained using an instrument desigesdluate basic skills could
also be used to describe the Personal Outlining Modelnstef real data (Fig. 25). Such a
visualization clearly indicates the average skills (3D visaabn and writings), and those that

need particular attention (for example, mathematics).

Therefore, POM allows us, through research, to proviglersona definition that forms the basis
to determine effects of the use of interactive and othenileg resources. Results from this
instrument have provided insights into the skills of manyngaBouth Africans. POM proved to
be a useful theoretical basis for the design of the instruamehallowed us to quantify the
characteristics of our intended audience. However, suchtafadidata should only be used in

conjunction with other qualitative and quantitative assestaas suggested by Reeves (2000).
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6.7. CONCLUSION

The results presented above reflect the socio-economic profaleetsby education in South
Africa. Students from the University of KwaZulu-Natal perf@d better than those from the
University of Zululand and from the three high schools of Budrigando, Qhakaza and
Tholokuhle. Most learners from UKZN study in their home lagguavhich is English, and
many of them come from families where at least one pasent tertiary qualification. On the
other hand, all learners from the three community schbaadly $n a foreign language, which
they only use in the classroom. For most learners Englist isven their second language as
they spoke other African Languages. A majority of South Afriearners come from homes
whose household language of communication is not any of the tyoo Enaopean languages
mainly used in our tertiary institutions, which are Esigland Afrikaans. This could have
contributed to the poor performance in skills not usuabpeated with language such as

visualization and logic.

It is therefore, not surprising that the results fromlitkeacy and communications tests indicate
that students enter tertiary education lacking the geskitl which are necessary for their
academic survival. The two main skills which learracked most are mathematical skills
(overall mean 36.6%) and Reading (45.2%). Poor performandese skills highlights
problems existing within the South African education systederpinned by the

underpreparedness of learners to confidently part-take iartel&arning.

Other findings portray that there is a direct and vewgng relationship between communication
skills and learners’ performance (correlation coeffic@821) and between the literacy skills

and learners’ performance (correlation coefficient 99)9

There is, among these participants, also a weak caorelagtween numerical and logical skills
and between numerical and communication skills. The rdasdmese relationships could be
the strong presence of written language in numericalagicdl skills. However, there is an
insignificant relationship between visual skills and nunag&ills. The results indicate that
performance is highly influenced by the family income.rbess who come from families and
communities that are well off performed better thair tt@leagues from the underprivileged
backgrounds. This is illustrated by the poor performandéeaohers from the University of
Zululand who came mainly from the underprivileged backgrouadgared to those who

attended UKZN who were mostly from economically well oftkgrounds.
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Family size and the standard of living appear not to inlegperformance. Also, both genders
appeared to perform in a similar manner except that paatecipants were more able to

transform 2D planes into 3D objects more proficient thair female counterparts.

Again, results presented here indicate that South Afteamers from community schools such
as Buhlebemfundo, Qhakaza, and Tholokuhle, and previousligsbtanly tertiary institutions
such as University of Zululand, do not have the necessdly tskparticipate in tertiary

education and lack many of the basic skills required foaloeof a thinking society.

The section has developed and evaluated an instrumasseéss learning skills using POM. In
the following sections (Chapters 7 and 8) the importahceraputer games in learning is
investigated. The first part of Chapter 7 investigates hoadyenture gaméadarh can be
used to overcome misconceptions related to photosynthesghtedeveloped during the
Zadarh investigation are then used to evaluate skill developmanbtiturs while playing
yKhoz in the second part of the chapter. Chapter 8 is the sytbiethe overall findings and

provides recommendations for further studies.



CHAPTER 7
THE USE OF EDUCATIONAL GAMES IN EDUCATION

7.0. INTRODUCTION

The aims of this part of the study were to: (i) Asdarthe practical use of computer games, as
learning tools, in urban and semi-urban areas; and (@Bte the academic effectiveness of
games to promote the development of cognitive, academic aiadl §alis. Therefore, the
research reported in this chapter attempts to investtateffectiveness of new approaches to
learning and teaching which incorporates the use of ptdydes three iterations through the
development research cycle. The first two iterations tipege the use afadarh, an adventure
game, specifically designed to address misconceptions retatplotosynthesis and respiration.
The last iteration of development research cycle usether adventure gam&hoz to

investigate the development of player’s problem solving skills.

7.1. STUDY OBJECTIVES

The primary objective of this study, therefore, wasdieidnine the educational value of games
where a sample of participating learners came from a \aiutgerof backgrounds. The
secondary objective was to assess the applicability efsh®f educational games to
adequately address learner misconception while enhancingptbblem solving skills such as

literacy, communication, memory, etc.

7.1.1. Objective of Zadarh

The aim of playingZadarh, and educational adventure game, was to investigatedatt
overcome misconceptions related to photosynthesis and respiratearners from urban and
semi-urban environments. The game was played individuallynagiups or pairs. After
playingZadarh learners were requested to answer questions on ties tphotosynthesis and

respiration using paper-and-pencil test and oral tesimesases.

7.1.2. Problem Analysis

Most students, at all educational levels, enter thesias with mental models of phenomena
that may be at variance with accepted scientific n®akthose same phenomena (Michael
1998). Studies reveal that these misconceptions are difftcg#t rid of once harboured.
However, Adams (1998) found that students who had plagealh demonstrated a much
clearer understanding of the complementary relationship befpbexosynthesis and

respiration, than did students who have not played the garaeefdie, this part of the study
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investigates the use @adarh to overcome misconceptions related to photosynthesis and

respiration in learners from urban and semi-urban environments

7.2. EVALUATION AND TESTING OF SOLUTION IN PRACTICE

7.2.1. Introduction

This part of the study investigated the use of an educatongputer game to overcome
misconceptions in photosynthesis and respirations. Researeucaut by Adams (1998)
identifies a number of misconceptions related to photosyisthad respiration and informed
the design of the educational adventure gZauarh where specific problems were integrated
into the game to specifically address these identifimtaonceptions. It is argued that through
the play ofZadarh, authentic tasks encapsulated in puzzles such as thg @fithe player’s
oxygen cylinder (for an air supply) and the filling of a carlkmxide cylinder (used to
extinguish fire) will allow players to challenge their misceptions and re-evaluate their beliefs

and knowledge related to photosynthesis and respiration.

7.2.2. Misconceptions

One of the important learning deficiencies relates tatmeept of misconceptions. Most
students, at all educational levels, enter the classwatmmental models of phenomena that
may be at variance with accepted scientific modethafe same phenomena (Michd€198).
Their understanding of many physiological phenomegéien seriously flawed (Michael,
2002). It is argued that children can develop parallel but ntytinebnsistent explanations of
scientific concepts — one for use in school and one for ugeitreal world" (Trowbridge and
Mintzes, 1985). Educators have used a variety of termederibe the situation in which
students' ideas about a concept differ from those of sege(@ksser, 1987). Some tend to call
them “preconceptions,” “commonsense understandings,” "alterrfegineworks", "children's
science," “experience-based” and “misconceptions” (Wandetst., 1994; Michael, 1998;
Michael, 2002). The misconceptions usually have a basis igdayeexperience and that they
often reflect imaginative attempts to make sense aft\whople have observed and been taught
(Wanderseet al., 1994). Misconceptions held by children proved difficult tong®e even with
the assistance from specially developed instructionagnmadg (Roth, 1985). Blosser (1987)
asserts that the term "misconception” indicate an obwiomsotation of a wrong idea or an
incorrectly assimilated formal model or theory. Miscqitmns serve the needs of the persons
who hold them and that erroneous ideas may come from straxgassociation, confusion,

conflict, or lack of knowledge (Fisher, 1985).
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Children come to school already holding beliefs about how tliagpen, and do have certain
expectations — based on their past experiences — which ehabiad predict future events.
Children hold ideas that were developed before and dthigigearly school years, and these
ideas may be compounded by the teacher and/or the textdusle i$ a wrong assumption
among science teachers that pupils do not have prior experrefatgge to the topic being
studied (Blosser, 1987); because teachers and studentsintagifere the meaning of the
terms used when asking questions, there is a need étietsato consider the extent to which

misconceptions may be due to language difficulties.

The situation with misconception is not foreign to Southcafas there are serious educational
and pedagogical problems because of the socio-economic tiesphetween the different
categories of learners and the people of the countey sty carried out by Adams (1998)
uncovered the deep-rootedness of some of these misconceptianstudy tried to ascertain if

the problem could be resolved by the usage of computer ganteasxiaciarh.

7.2.2.1 Characteristics of Misconceptions

According to Fisher (1985) misconceptions share the followiagadieristics: (i) They are at
variance with conceptions held by experts in the fieldA(single misconception, or a small
number of misconceptions, tends to be pervasive — shanediy different individuals; (iii)
Misconceptions are highly resistant to change or alteradioleast by traditional teaching
methods; (iv) They sometimes involve alternative belisteays comprised of logically linked
sets of propositions that are used by students in sgtiteways; and (v) Some have historical
precedence: that is, some erroneous ideas put forth by sttmtaysmirror ideas espoused by
early leaders in the field. For example, Hershey (2004}iflas misconceptions into five
categories: (i) Oversimplifications — of concepts, partitylat the pre-tertiary level; (ii)
Overgeneralisations — teaching publications sometimes statdlthknts are photosynthetic,
although they constitute less than 1% of plant specigDbisolete concepts and terms — plants
once thought to be saprophytes, such as Indian pipe (Monaindfza), are now known to be
indirectly parasitic on trees; (iv) Misidentificationsa—celery stalk is often misidentified as a
stem; and (v) Flawed research — the most difficult amseptions for teachers to catch are those

caused by flawed research.

7.2.2.2. Types of misconceptions

The National Academy of Sciences (1997) classifies miggiians as: (i) Preconceived

notions that are popular conceptions rooted in everyday erpesig(ii) Non-scientific beliefs
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include views learned by students from sources other themtiic education, such as religious
or mythical teachings; (iii) Conceptual misunderstanding&narishen students are taught
scientific information in a way that does not provoke ttemmonfront paradoxes and conflicts
resulting from their own preconceived notions and non-scietudiiefs; (iv) Vernacular
misconceptions arising from the use of words that mean ongitheveryday life and another
in a scientific context; and (v) Factual misconceptiovtsich are falsities often learned at an
early age and retained unchallenged into adulthood. Théepmakith misconceptions is that
they are often quite persistent, and they serioustyfare with the students’ ability to learn

physiology (Michael, 2002).

The term “misconception” will be used here to descrim®irect and unscientific models of
phenomena. It is worth noting that much research on this &dready exists, and Waheed and
Lucas (1992) say that the previously undertaken research thesphared students’
understanding of the relationships between anatomical, physidldgmshemical and
ecological aspects of the process. Adams (1998) found tiurgs who had playethdarh, an
educational adventure game, demonstrated a much clearestandeng of the complementary
relationship between photosynthesis and respiration,digestudents who have not played the
game. Therefore, this part of the study investigatesiskeofZadarh to overcome
misconceptions related to photosynthesis and respiratiealindrs from urban and semi-urban

environments.

7.2.3. Participating Schools

The study is the continuation to the base study covered ingkimps study. Participants for
this study came from two community high schools, Qhakaza Sliffiool (Qhakaza, Grade 11
students), and Buhlebemfundo Secondary School (Buhlebemfundite Giastudents) and
from the University of Zululand (UniZulu, first year Busisdaformation Systems students).
Having discovered from the previous section that the commsclityols had yielded similar
result Tholokuhle was dropped from further participation irsthiely as the results of the
remaining schools will be representative of all other comtyuschools. Again, UKZN was
also dropped having realised that its learners’ stilidiciency was also high enough to yield
limited results. Thus, the number of learners who tookipdhe study and the administered
post-test were 19 from Qhakaza, 45 came from Buhlebemfurdib@iZulu had seven.
Buhlebemfundo is located in Kwa-Dabeka township about 25km from Duwidale Qhakaza
and UniZulu are situated in Kwa-Dlangezwa township about 16@kih of Durban. The tests

were carried out between August 2003 and May 2005.
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7.2.4. Assumptions on Participating Students
Buhlebemfundo did not provide computer literacy courses whitk&@ta and UniZulu did.
Therefore, based on this information and before studenitsirked on the research a number of

assumptions were made:

(a) Computer literacy skills. It was assumed that Buhlebemfundo learners without computer
skills would struggle with playing the game, particulahg tise of the mouse. On the other
hand, there was an assumption that Qhakaza learners aretditgiof Zululand would have
fewer problems with the use of mouse, switching on andef€omputers, using keyboards and
typing. Also, Qhakaza and UniZulu learners would be famiith the Windows operating

system.

(b) Communication skills. Regarding English proficiency, it was assumed thahéarfrom the
three schools would be at the same level of literacgmsof the literacy and communication
results obtained from the visualisation, numeric, logic,@mmunication skills tests which
indicated no significant difference between the 3 growith respect to the content of the
game, it was anticipated that most learners wouluisttstruggle with the scientific content of

the study as most of them were not from the science stream

7.2.5. Computer Literary of Participating Students

No computer Local Area Network (LAN) was available ahBbemfundo and therefore, the 63
learners volunteered were bussed to the UKZN. However dénbtudents participated in the
post-test. The majority of these learners had neverameguters before; 42 indicated that they
had never used computers before while 3 stated that theachasss to computer (1 at home and
2 at previous schools). The benefit of learning some basipuemskills was the driving force
behind these learners volunteering to participate in thiy.sifter playing the game

participants were allowed to surf the Internet and lezore about using computers. Thus, most
of these learners found working in a computer LAN both exgigind intimidating. Each
Buhlebemfundo player spent two hours per session for ten sesgidking on the computer

between August and October 2003.

On the other hand, Qhakaza and UniZulu learners attendeddksions at UniZulu where a
LAN was made available for the project. Twenty fourtesas from Qhakaza and 10 from

UniZulu participated in the project. Although students from Qbakeere studying computer
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literacy at school, 20 claimed that they had never used censpagfore and only one had
access to one at home. Qhakaza learners had accest Adtirethe afternoons and
participated in 10 sessions of two hours each with ddamers staying on for about an hour
before the LAN could be closed. The LAN was availablthe UniZulu students at all times
during the day provided it was not in official university usayever, many could not use this
time effectively as it clashed with their daily tirtesle. The study took place over a period of
successive 10 weeks, punctuated only by the schools and public hoklhgsigh high school

learners did not have any computer skills, UniZulu studeats womputer literate.

The first session was spent introducing learners to theut@mand the game environment. For
example, some of the things taught included computer compodeskspp and its items,

opening folders and files and introducizadar h.

7.2.6. Materials and Tools

In this study, the same three-tiered questionnaire (Anraxd3) developed by Adams (1998),
was used by the researcher to evaluate misconceptions helgibypaats after game play. In
the construction of the questionnaire Adams considered insttsrdeveloped by Haslam and
Treagust (1987) and Amir and Tamir (1994) and other findingerviiews and open-ended
pencil-and-paper tests. According to Adams these researdet gjuestionnaires that included
the use of propositional statements and concept mapfhieApropositional statements were
addressed in the questionnaire that consisted ofahitteee-tiered multiple-choice questions.
A subject expert from the Biology Department of the Universiti{waZulu-Natal verified the
accuracy of the questions. The first tier of each questas a factual multiple choice (MC)
question, probing a concept within one of the topics, ordlationship between the two topics.
Tier two, also in MC format, probed the students’ un@eding by asking them to supply a
reason for their answer to the tier one question. Inhihe tier students were asked to rate the
confidence they had in their answer. Confidence ratinggecfrom 1 to 4, representing the
choices ‘not at all confident’, ‘somewhat confident’ ‘confidlemd ‘very confident’. Most

learners played the game between 18 - 20 hours.

7.2.7. Procedures

In order to evaluating the effectiveness of Zladarh to address misconceptions related to
photosynthesis and respiration a number of data doliecstrategies were utilised and these
include usage of questionnaire, observations and writsés tEhe first method used was to

observe learners while playiZgdarh. Secondly, a few learners were asked for their opinion
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about the game. The third was to administer a papepandi post-test. For the first task
learners playedadarh individually. As most learners did not have any computdisskihey
found it quite difficult to move and explore 3-dimensional sgaogronment. Lack of prior

experience in the use of the computer mouse made exploraticaoldiff

7.2.8. Zadarh Environment

Zadarh is a three-dimensional adventure game which uses & ‘ahd ‘drag’ or ‘click’ and
‘grab’ mechanisms to play. According to Adams (1998) one aspéais game is to teach the
concept of simultaneous and complementary relationship betvwetosgnthesis and
respiration. Navigating the game environment was based on mioemgpredefined node to
node via a choice of 1 of 4 cardinal compass directionssbf wast, north and south. It was
observed that most learners found this navigation diffiéutows were used to indicate these
cardinal compass points and the direction of movementad@io the playeffig. 7.1, a-d), to
indicate areas of interaction (Fig. 7.1e) and alsefault cursor (Fig. 7.1f). The interaction
arrow was used for moving, picking up, opening and closindpjeicts and for performing other

manipulations.

o £
o\!"

W 4

e f

Figure 7.1: Different arrows used in the gafiadarh.

Through exploration players discovered that items, or objestdd be collected into an
inventory as they navigated the play areas or solvedgrizxiclose-up view of collected
objects is accessed by right-clicking an object in thenitorg. Discovering such game
conventions early on in the game appears to stimulate fuatpéoration of the game

environment.
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Learners were asked to plZgdarh after the objectives of the study were explained. At tidue s
of the game players were told that their oxygen levels legrend therefore, they need to refill
the oxygen cylinder. Once playing the game had commenced mohlere rapidly discovered.
For example, learners lacked skills to move in a 3-dimeasenvironment. Most learners did
not have any prior exposure to the 3D environment, lacked the carsgilise and therefore
found exploring the game quite difficult. Navigating thengausing the four cardinal compass
directions was at first a serious problem for most learrees they could not tell the directions,
although such movements were made obvious through fading afithgarbimages in the
game environment. Below are some examples of puzzles leanugntered while playing the

game.

(i) Burning storeroom

The game commenced with a storeroom burning (Fig. 7.2hene was already insufficient
oxygen in the room. Hence, there was an urgent need to wistirtye fire to conserve oxygen.
Players could not extinguish this fire until they haveasdlother puzzles utilised in the game,
such as filling a cylinder with carbon dioxide used latextinguishing the fire.

Figure 7.2: The burning storeroom at the start ofyjtirae.

(if) Photosynthesis and respiration linguistic puzze

By selecting the right spots on this flower puzzle, stat¢sn@bout both photosynthesis and
respiration are displayed (Fig. 7.3). Here, learners teediscover that respiration occurs both
in the light and dark, while photosynthesis occurs onthénlight.
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Figure 7.3: The linguistic puzzle which students use toeaitences about photosynthesis and

respiration.

(iif) The musical puzde
The music puzzle (Fig. 7.4) illustrates to players thapti@osynthetic and respiratory

processes are complementary.

Figure 7.4: The musical puzzle showing musical notatidretplayed on the piano keyboard.
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(iv) Opening the safe

Figure 7.5: The safe puzzle contains token required te solother puzzle.

The safe puzzle (Fig. 5) uses the molecular mass of theocmmis to open the safe where
token to solve other puzzles are stored.

(v) The gas pand
In this room(Fig 7.6) students can produce carbon dioxide by alteringrghkght supplies
through the reaction chamber in order to fill the aiktevith carbon dioxide

Figure 7.6: lllustrates the reaction puzzle used to prodad®n dioxide gas.
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(vi) The antidote

Figure 7.7: The remainder of carbon dioxide is used tievetthe antidote found in the storeroom.

After extinguishing the burning fire with the produced carbon dexFig 7.6) the player gain
access to the storeroom and using a key and some to chokate gas retrieves the antidote
(Fig. 7.7).

7.2.9. Observations

Students became quite joyous as they played the game ahihfasmation they acquired from
discovering game objects and solving puzzles. Many tinaeades would jump up with joy
when they saw a door opening, fire being extinguished, msafeyopening, etc. One student
who was frustrated at one point because she could not open thieedoors jumped up with
excitement and exclaimed, “Wow, | am so happy. | anebeved, oh my God” when she was
finally able to open the door.

There was a huge motivational difference between thasedes who were discovering things
individually and those who needed help. Learners who solved puzitleout help seemed to
enjoy the game more than those who required hints ftber®to solve the puzzles. Those
progressing appeared to be more logical in their approaivimg puzzles and other
problems. Those who were receiving help having a shortafpelierest in the game as they
were spending more time idling about not knowing what td'tley would show huge interest
after discovering something but each struggle made them tesesn They would start
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fiddling with the computer and start watching those sitting teethem to see how they were

coping with the game. Therefore, discovering objects kephtitevation of learners high.

The biggest problem with playiri€épdarh was the requirement to read information in either the
books or charts which the students appeared not to do. Foplexavall charts providing

crucial information were taken for granted. When the@aegins, players are informed about
the objectives of their mission via scrolling text. Howeweost learners became frustrated, as
they did not know what was expected of them because theyiidad the introductory
information. From time to time, the researcher wouldleakners to restart the game and read
everything until they knew what their mission was. Howelsarners quickly discovered that it
was important to read all the information presentesuah information helped them solve
puzzles but felt that reading wasted their time gainingsscto the next game level. After
playing Zadarh for a couple of times almost all students started ptawiithout reading and

appeared to be playing from memory.

Many computer-related problems were also encounteredgamee-play had started. Most
learners from high schools had little practical knowledge ofpcbens. There were some
players from Qhakaza who had never used a computer mouse aeéotherefore, did not
understand the terms single- and double-click. This laclked$ton experience frustrated most
learners. Therefore, to solve this problem it was suggiéstBuhlebemfundo and Qhakaza
learners that they play the game of solitaire, found esopéhe XP operating system, in order
to try to familiarise themselves with mouse movementsjlei or double-mouse clicks, and
dragging of the cards on-screen. Once the majority ofiées were comfortable with moving

and clicking the mouse they were urged to start plagaugrh.

Soon after the commencement of game-play it becameuwsbthat there was competition
between the learners to see who would find more objedtsvao would finish the game first.
Such competitions created many problems as some studengt$onced to ask for assistance
without trying to solve the problems themselves. Those sisigdéro thought they were not
winning asked questions such as “when am | considered/éowan?” or “can | skip this

section and go to the next level which looks like it is enateresting?”

7.2.10. Questionnaire Results
In an attempt to answer the question whether playingroegaan assist learners to overcome

misconceptions, students from three schools (Buhlebemfundoa@hakd UniZulu) played
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Zadarh for 18 to 20 hours and then answered the questionnaire psgvissed by Adams
(1998) to identify the associated misconceptions where eastigu consisted of 3 tiers: (i) A
factual MC question; (ii) A MC question giving a reasontfa@ answer; and (iii) A confidence
guestion (the confidence varied from 1 to 4 where 1 repiedéme lowest and 4 the highest
confidence level). In order to interpreting the confidence matwos between 1 to 2 described a
lack or low confidence, a medium confidence ranged betwéai8 2nd a score of 3 to 4
indicated a high confidence. For performance, percentéges 0% were considered
excellent, 60% to 69% good, 40% to 59% medium and below 40% as poor.

Overal Mean for Correct Answers

O Qhakaza @ Buhlebemfundo B UniZulu

100.0
80.0 ~
60.0
40.0 -
20.0 A

0.0

Mean in Percent

Qhakaza Buhlebemfundo UniZulu

Schools

Figure 7.8: Mean scores (tier 1) for participants froneé¢ schools.

Participants from Qhakaza attained the mean score ¢¥5&m Buhlebemfundo 63.4% and
from UniZulu 62.6% for the factual MC questions (Fig. 7.8)gmsting that the majority of
learners had a fairly good general understanding of the pescassociated with photosynthesis
and respiration.

However, most learners could not substantiate their aasmigr correct reasons (tier 2 MC
guestions) for there answers (Fig. 7.9) and this meantheir comprehension of the processes
involved and the products of those processes were lackingotiner words, misconceptions

still existed. With a mean score of 31.9%, Buhlebemfundpesformed Qhakaza and UniZulu

who scored 28.4%and 30.8% respectively.
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Correct Reasons

100.0
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c
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Qhakaza Buhlebemfundo UniZulu
Schools

Figure 7.9: Mean scores (tier 2) for participants franeé¢ schools

The following section analyses the questions in detaicantpare the findings to those of
Adams (1998) (See Annex 2 for questions). Results are giveg.i7.10. which highlight the
correct answers and the correct reasons. Mean confglanegiven in tables associated with
each question where the correct answers are indicétiecsterisk (*).
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Figure 7.10: Percent of correct answers given by partiggeon (a) Qhakaza (b) Buhlebemfundo and

(c) Unizulu. The shaded represents the percentage thafiatktiie correct reasons.

Question 1

Question 1 asked students to name the process by which pladtse ‘food’. Most learners
correctly selected photosynthesis (Qhakaza = 78.9%, Buhlebdm= 95.6% and UniZulu =
100%) (Fig. 7.10). These results are similar to those ah#sd(1988) who showed that after
game-play learners had a better understand of the protgsatsch plants make ‘food’. This
contradicts earlier findings by Hazel and Prosser (1994)fadnad that learners’ intuitive
definition of plant ‘food’ was not compatible to the scientifiew as they mostly thought of

plant food as water, minerals nutrients and carbon didgikkn in through the roots and leaves.
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After playingZadarh many players (Qhakaza = 68.4%, Buhlebemfundo = 80% and WniZul
71.4%) correctly identifying the process of conversion of legieérgy to chemical energy (tier 2
guestion); the overall mean confidence for their answerhigdsat 3.2 with participants from
Qhakaza at 3.31, Buhlebemfundo at 3.2 and UniZulu at 3.08¢(Tal).

Table 1: Percentage of students selecting two-tieregtions for question one.

School-Year of | No of Content| Reason Choice Total | Mean
study Students| Choice A B c D E % Confidence
Qhakaza 19 A 3.31
Grade 11 B 0 1050 68.4* 78.9

C

D
Buhlebemfundqg 45 A 3.2
Grade 12 B 6.7 |44 |22 |80* 95.6

C

D
UniZulu 7 A 3.09
First Year B 143 1|0 14.3 | 71.4* 100
(BIS) C

D

Correct answers are indicated with asterisk (*)

Question 2

Question 2 deals directly with the relationship between glgatbesis and respiration. Contrary
to Adams (1998) findings where the highest result of 71.2% waselthy Techikon new
intakes, 48.1% by Cell Biology new intakes and 58.8% by senia%, participants in this

study chose the correct answer (Qhakaza = 89.5%, Buhlebémf 88.9% and UniZulu =
100%) suggesting that learners who pla¥adarh understood that the relationships were not
opposite but complementary. However, less than half oetht® gave the right answer
provided the wrong reasons for their choice. They wrongly thabghiphotosynthesis is a
constructive process that may lead to an increasess ofahe plant, whereas respiration leads
to a weight loss by plants (Qhakaza = 21.1%, Buhlebemfurfi¥sand UniZulu = 42. 9%).
However, learners participating in Adams performed bees2.7% of Cell Biology new
intakes, 44.4% of first years, 66.1% of Techikon new intakes58.9% of seniors understood
the processes. A high number of learners (Qhakaza = 5B@#ebemfundo = 44.4% and
UniZulu = 42. 9%) thought that the products of photosynthesiasa®@ as reactants in
respiration, a common misconception. The high overall meandemafe of 3.41 (Qhakaza =
3.2, Buhlebemfundo =3.56 and UniZulu = 3.47) supports the conclisibmbst learners do

not understand the relationship between photosynthesis sgichten (Table 2).
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Questions 3 to 6 deal indirectly with the relationship betwghotosynthesis and respiration,
probing students understanding of the products and reactahtsefprocesses, and when such

processes occur.

Table 2: Percentage of students selecting two-tieregtions for question two.

School-Year of | No of Content| Reason Choice Total | Mean
study Students| Choice A B c D E % Confidence
Qhakaza 19 A 3.2
Grade 11 B 0 10.5 | 21.1 | 57.9* 89.5

C

D
Buhlebemfundqg 45 A 3.56
Grade 12 B 2.2 |22 |40 44 .4~ 88.8

C

D
UniZulu 7 A 3.47
First Year B 0 14.3 | 42. 9| 42.9* 100
(BIS) C

D

Correct answers are indicated with asterisk (*)

Question 3
Table 3: Percentage of students selecting two-tiereghtbons for question three.
School-Year of | No of Content| Reason Choice Total | Mean
study Students| Choice A B C D E | % Confidence
Qhakaza 19 A 3.25
Grade 11 B 15.8 | 21.1 | 21.1* | 23.3 | - 84.2

C

D
Buhlebemfundqg 45 A 2.2
Grade 12 B 0 11.1 | 20* 68.4 | - 97.8

C

D
UniZulu 7 A 2.65
First Year B 0 85710 14.3 100
(BIS) C

D

Correct answers are indicated with asterisk (*)

Question 3 asked which gas is released in large amiouthies presence of sunlight. Just like in
Adams’ study where results ranged between 89.9% and 97.1%tmdshts correctly chose
oxygen (Qhakaza = 84.2%, Buhlebemfundo = 97.8% and UniZulu = 16@%ever, their
understanding of the process was somewhat confused in tmatlaasmber (Qhakaza = 68.4%,

Buhlebemfundo = 20% and UniZulu = 0%) understood that more oxygeisthaaded for
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respiration and other processes is produced by the plant gmingsynthesis, and therefore,
the excess gas is given off. Again, this compares withm&teesults where fewer students
grasped this process (12.2% of Cell Biology new intakes, 16f2ist years, 13.1% of
Techikon new intakes, and 26.5% of seniors). The majdriBublebemfundo (66.7%) and
23.3% of Qhakaza thought that oxygen was a by-product edgymdhesis while almost all of
UniZulu (85.7%) answered incorrectly by asserting that pldmtsot respire during the day.
These misconception are illustrated by high mean confider®:25 from Qhakaza learners and
the medium mean confidences from Buhlebemfundo (2.2) argkLilnf2.65) learners (Table

3).

Question 4

Question 4 asked which gas is absorbed in largest amouhts pnesence of sunlight. The
results are similar to those of Adams (95.1% of Techilew imtakes, 94.6% of Cell Biology
new intakes, 90.1% of first years, and 97.1% of seniors)mist students giving the correct
answer (carbon dioxide), (Qhakaza = 100%, Buhlebemfundo = Hn@l%niZulu = 85.7%).
However, few comprehended that this is because photosynthésseisdent on light (Qhakaza
=57.9%, Buhlebemfundo = 35.6% and UniZulu = 57.2%). From Adduody,smore
understood these relations (45.9% of Techikon new intakes, 61.2& &ialogy new intakes,
67.9% of first years, and 70.6% of seniors). Most of Bulmgbedo (37.8%) believed that
photosynthesis is a continuous process that takes pla@ndayght. Even though just about
half of the students got the answers correct the over&llrheaan confidence of 3.08 (Qhakaza
= 3.25, Buhlebemfundo = 2.77 and UniZulu = 3.19) again illustied deep-rootedness of the

misconceptions (Table 4).

Table 4: Percentage of students selecting two-tiereghtions for question four.

School-Year of | No of Content| Reason Choice Total | Mean
study Students| Choice A B c D E % Confidence
Qhakaza 19 A 5.3 |57.9*| 21.1| 15.8 100 3.25
Grade 11 B

C

D
Buhlebemfundag 45 A 11.1 | 35.6*| 37.8| 6.7 91.1 2.77
Grade 12 B

C

D
UniZulu 7 A 28.6 | 57.4*| 0 0 85.7 | 3.19
First Year B
(BIS) C

D

Correct answers are indicated with asterisk (*)
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Question 5

Question 5 asked which gas is absorbed in largest amouhts dark. Oxygen was correctly
selected by 57.9% of Qhakaza, 60% of Buhlebemfundo and 71.4%flWparticipants.
These results are slightly lower than those found by#sd@4.4% of Techikon new intakes,
64.2% of Cell Biology new intakes, 80.5% of first years, an8%5%of seniors). Few learners,
with the exception of 71.4% of UniZulu, were aware that oxydpsiordbed is used in respiration
(Qhakaza = 21.1%, Buhlebemfundo = 22.2 %). Again Learnegkdams’ study did better with
22% of Techikon new intakes, 39.2% of Cell Biology new inta#48s1% of first years, and
45.5% of seniors all aware that respiration process sntmus. The overall mean confidence
was in the mid range at 2.81 but this again showed therdeggdness of these misconceptions;
individual mean confidences were 2.37 for Qhakaza, 2.79 foeBahifundo and 3.27 for

UniZulu learners (Table 5).

Table 5: Percentage of students selecting two-tieregtions for question five.

School-Year of | No of Content| Reason Choice Total | Mean
study Students| Choice A B C D E | % Confidence
Qhakaza 19 A 2.37
Grade 11 B 15.8 | 10.5|21.1*| 10.5 57.9

C

D
Buhlebemfunda 45 A 2.79
Grade 12 B 44 |20 22.2* 1133 60

C

D
UniZulu 7 A 3.27
First Year B 0 0 71.4*| 0 71.4
(BIS) C

D

Correct answers are indicated with asterisk (*)

Question 6

Question 6 asked which gas is released in largest amiutiite absence of light. Slightly over
half of students correctly selected carbon dioxide (@bhak= 68.4%, Buhlebemfundo = 53.3%
and UniZulu = 42.9%). This performance was again lowan th the Adams study (73.3% of
Techikon new intakes, 57% of Cell Biology new intakes, 88%rsf yiears, and 76.5% of
seniors). Again about half of those who had the right anene@erstood that respiration is a
process that takes place all the time (Qhakaza = 3Bébtebemfundo = 26.7% and UniZulu =
14.3%). Learners in Adams’ study better understood when aéispihappens (51.7% of
Techikon new intakes, 46.3% of Cell Biology new intakes, 68.0%6stfyears, and 58.8% of
seniors). The mean confidence expressed by students waa Bidl2 with Buhlebemfundo
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learners expressing the least confidence (2.98), UniZulu lsasnered 3.04 and those from
Qhakaza had the highest score (3.34) (Table 6). Agaipothreperformance and the high

confidence levels demonstrate a misconception.

Table 6: Percentage of students selecting two-tiereghtions for question six.

School-Year of | No of Content| Reason Choice Total | Mean
study Students| Choice A B C D E | ¥ Confidence
Qhakaza 19 A 31.6*(21.1| 158| O 68.4 | 3.34
Grade 11 B

C

D
Buhlebemfundag 45 A 26.7* | 4.4 22.2 53.3 2.98
Grade 12 B

C

D
UniZulu 7 A 14.3*| 0 286 | 0 429 | 3.04
First Year B
(BIS) C

D

Correct answers are indicated with asterisk (*)

Responses to questions 3 to 6 are similar to thoseopidyireported by Adams (1998) and
indicate that students have a poor grasp of the comptargeelationship between

photosynthesis and respiration and the times at which finesesses occur.

Questions 7 to 9 deal with the relationship between thedigthtdark phases of photosynthesis

and the performance demonstrates a lack of understandimng diffierent processes involved.

Question 7

Question 7 asked when the light phase of photosynthesis occlinedajority of participants
knew that photosynthesis occurs only in the presence of{@igtkaza = 75.9%,
Buhlebemfundo = 95.6% and UniZulu = 85.7%). This performanceagais lower than in the
Adams study where 90% of Techikon new intakes, 87.6% of Celb@jatew intakes, 94.8%
of first years, and 97.1% of seniors understood when photessiattook place. The role of
light in this process was less clearly understood as dliestiby less than 50% of correct
answers (36.3% of Qhakaza, 28.9% of Buhlebemfundo and 42.9%Jini&tulu) who were
aware that the light phase involves electron transporthadnty takes place when sunlight
excites chlorophyll molecules, causing the molecules tougivelectrons. However, an equal
number of participants wrongly believed that the light phasgolves the uptake of carbon
dioxide in the dark (Qhakaza = 25.3%, Buhlebemfundo = 60% aill = 42.9%). These
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results were worse than those found by Adams (1998) wher&o¥eunderstood the
processes involved (58.3% of Techikon new intakes, 57% of Gabdsi new intakes, 68.8%

of first years, and 82.4% of seniors). Although mostiees selected the wrong reason for their
answer they were fairly confident in their answers (@kza =3.1, Buhlebemfundo = 2.4 and

UniZulu = 2.51) again illustrating a deep-seated misconceffiaple 7).

Table 7: Percentage of students selecting two-tiereghtions for question seven.

School-Year of | No of Content| Reason Choice Total | Mean
study Students| Choice A B c D E % Confidence
Qhakaza 19 A 36.3* | 10.5| 25.3| 5.3 759 | 3.1
Grade 11 B

C

D
Buhlebemfundqg 45 A 28.9% | 2.2 60 4.4 956 | 24
Grade 12 B

C

D
UniZulu 7 A 42.9* | 0 429 | 0 85.7 | 251
First Year B
(BIS) C

D

Correct answers are indicated with asterisk (*)

Question 8

Table 8: Percentage of students selecting two-tiereghtions for question eight.

School-Year of | No of Content| Reason Choice Total | Mean
study Students| Choice A B C D E | % Confidence
Qhakaza 19 A 2.8
Grade 11 B

C 105|153 |0 15.8* 31.6

D
Buhlebemfundqg 45 A 2.66
Grade 12 B

C 6.7 31.1 | 4.4% 42.2*

D
UniZulu 7 A 2.91
First Year B
(BIS) C 143 1|0 14.3 | O* 28.6

D

Correct answers are indicated with asterisk (*)

Question 8 asked when the dark phase of photosynthesis dtligrguestion was badly
answered by all schools with performances mainly below Zuams (50.8% of Techikon new
intakes, 31.1% of Cell Biology new intakes, 45.5% of first geand 14.7% of seniors)
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obtained similar results. The most common misconception esgui®gas that the dark phase
takes place only in the dark (Qhakaza = 31.6%, Buhlebemfadd?2 % and UniZulu =
28.6%). Few learners (Qhakaza = 15.8%, Buhlebemfundo = 4.4%rardlu = 0%) knew that
the dark phase is simply light independent, and thus fd&es continuously, in the presence or
absence of light. Learners in Adams’ study performed beitbr39.3% of Techikon new
intakes, 55.7% of Cell Biology new intakes, 45.1% of first geand 76.5% of seniors
understanding the definition of the dark phase. Again, tre¥g®is misconceptions were
revealed by the fact that even though wrong reasons werethie@verall mean confidence in
their answers was medium at 2.78. It was lowest for Benidundo participants at 2.66,
Qhakaza learners obtained a mean score of 2.8 and thos&hiZulu had the highest with

2.91 even though none provided the right reason for their ansaigie(8).

Questions 9
Table 9: Percentage of students selecting two-tieregtions for question nine.
School-Year of | No of Content| Reason Choice Total | Mean
study Students| Choice A B C D E | % Confidence
Qhakaza 19 A 1.57
Grade 11 B

C 53* |0 106 | O 15.8

D
Buhlebemfundqg 45 A 2.32
Grade 12 B

C 13.3* 6.7 |22 22.2

D
UniZulu 7 A 3.1
First Year B
(BIS) C o* 57410 0 57.4

D

Correct answers are indicated with asterisk (*)

Question 9 explicitly asked about the relationship of the aglltdark phases of photosynthesis.
The performance was poor with few students able toifgeghese as complementary processes
(Qhakaza = 15.8%, Buhlebemfundo = 22.2% and UniZulu = 57.4%) unlkdams’ study
where 68.9% of Techikon new intakes, 80.8% of Cell Biology nevkéstar5.9% of first years,
and 85.3% of seniors managed. Those that could identifiupt® and functions of each phase
comprised 5.3% of Qhakaza, 13.3% of Buhlebemfundo, and none in&tull participants.
More learners from Adams’ study could identify theselpots and functions (41% of

Techikon new intakes, 49.2% of Cell Biology new intakes, 43.8%fstfyears, and 50% of

seniors). However, low mean confidences from the three soh@®33 showed that students
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did not understand the relationships. Qhakaza participadthbdowest mean at 1.57, which
indicates a lack of confidence in their choice of ansmiele those from Buhlebemfundo
received a medium value with a confidence level of 2.32ZWaiparticipants performed
poorly but were confident (3.1) in their answer again ilatgtg the serious misconceptions

held by these learners (Table 9).

Responses to questions 7 to 9 were similar to th@segosly reported by Adams (1998). The
same misconceptions were revealed after pla¥augrh as learners were not clear about the
different processes that occur in the light and darkgshaSphotosynthesis, and how these

processes are related.

Question 10
Table 10: Percentage of students selecting two-tieredtams for question ten.
School-Year of | No of Content| Reason Choice Total | Mean
study Students| Choice A B C D E | % Confidence
Qhakaza 19 A 47.3 110.5*| 158 | 0 73.7 1.72
Grade 11 B

C

D
Buhlebemfundqg 45 A 11.1 | 15.6* | 4.4 0 0 31.1 2.08
Grade 12 B

C

D
UniZulu 7 A 14.3 | 14.3* | O 0 28.6 2.14
First Year B
(BIS) C

D

Correct answers are indicated with asterisk (*)

Question 10 asked students to identify the light compemsatimt on a figure of a light
response curve. With the exception of many of the learners@tmakaza (73.3%), few from
other schools could identify the light compensation poinh{bemfundo = 31.1% and
UniZulu = 28.6%). This was in contrast with Adams’ whemauls were good (61.7% of
Techikon new intakes, 64.9% of Cell Biology new intakes, 72.2%6stfyears, and 94.1% of
seniors) Fewer students (Qhakaza = 10.5%, Buhlebemfundo = a&b%niZulu = 14.3%)
could interpret its significance, that is, at this ligitensity the rate of photosynthesis equals the
rate of respiration. The results were better in thdysby Adams (26.7% of Techikon new
intakes, 31.6% of Cell Biology new intakes, 33.3% of first geand 76.5% of seniors). Most
Qhakaza learners (47.3%) thought that at this point teemmiie light being produced leading
to more photosynthesis taking place. The overall meandemte was low at 1.98 (Qhakaza =
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1.57, Buhlebemfundo = 2.08 and UniZulu = 2.14) (Table 10). Thexefost participants did

not understand this relationship.

Question 11

In question 11, student understanding of limiting factorsimasstigated. Once again, a light
response curve was presented and students were requdatedttty the point at which the rate
of photosynthesis became constant. Fewer students contiyidkis point (Qhakaza = 15.8%,
Buhlebemfundo = 46.7% and UniZulu = 0%) than in Adams study (6@fZPéchikon new
intakes, 72.1% of Cell Biology new intakes, 77.3% of first geand 73.5% of seniors). The
second tier questions asked what caused the levelling i curve. Only 5.3% of Qhakaza,
2.2% of Buhlebemfundo, none of the UniZulu participants knewsthaething other than light
was limiting photosynthesis at this point compared to 9.8%eohikon new intakes, 19.8% of
Cell Biology new intakes, 30.7% of first years, and 64.7%eni@s from Adams’ study. Many
of Buhlebemfundo’s learners (37.8%) wrongly thought thatispihint, there is too much light
and the plant is no longer photosynthesising. The overall nw#mence was medium at 2.33
with those from Qhakaza scoring 1.57, from Buhlebemfundorge@.28 and those from

UniZulu scoring 3.14 where none of them had the correct reémoteir answer (Table 11).

Table 11: Percentage of students selecting two-tieredtams for question eleven.

School-Year of | No of Content| Reason Choice Total | Mean
study Students| Choice A B C D E | % Confidence
Qhakaza 19 A 1.57
Grade 11 B

C 53 [53* |0 53 15.8

D
Buhlebemfundqg 45 A 2.28
Grade 12 B

C 6.7 |2.2* |37.8 |22 46.7

D
UniZulu 7 A 3.14
First Year B 0 o* 0 0 0
(BIS) C

D

Correct answers are indicated with asterisk (*)

Questions 10 and 11, which required students to interpightaesponse curve, were poorly
answered. This differs from the results of Adams (1998) fatind that younger learners did
not perform well in this question but older participants piedibetter answers. In this study all
students who playedadarh struggled to identifying the significance of different gsian the

curve.
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Question 12

Question 12 asked the students to identify the equation egpiras the net reaction of
photosynthesis. Similar to Adams (67.2% of Techikon new intak24% of Cell Biology new
intakes, 79.2% of first years, and 90.9% of seniors) a [agmortion could identify this
equation correctly (Qhakaza = 78.9%, Buhlebemfundo = 86rntPAJaiZulu = 85.7%). Fewer
could interpret which were products and reactants (42.1@hakaza, Buhlebemfundo = 51.1%
and UniZulu = 85.7%). These are similar to Adams’ resi@5.5% of Techikon new intakes,
50.8% of Cell Biology new intakes, 59.7% of first years, an@%6of seniors) Nonetheless,
15.8% of the participants from Qhakaza and 24.4% from Buhlelmelm thought chlorophyll
combines with the C£n the presence of light energy and produces glucose and Waée
mean confidence for their response was high at 2.99. Qhakaticipants had the mean
confidence of 2.84, Buhlebemfundo (2.7) and UniZulu was highelst3md (Table 12).

Table 12: Percentage of students selecting two-tieredtams for question twelve.

School-Year of | No of Content| Reason Choice Total | Mean
study Students| Choice A B C D E | % Confidence
Qhakaza 19 A 2.84
Grade 11 B 15.8 | 42.1* | 15.8 | 5.3 78.9

C

D
Buhlebemfundqg 45 A 2.99
Grade 12 B 244 | 51.1*188 |22 86.7

C

D
UniZulu 7 A 3.42
First Year B 0 85.7| 0 0 85.7
(BIS) C

D

Correct answers are indicated with asterisk (*)

Question 13

Question 13 required students to identify the net reactioatien of respiration. Unlike in
Adams’ study where results ranged from 52.5% to 83.1%, hetg algarter could identify
the equation (26.3% of Qhakaza, 28.9% of Buhlebemfundo and 28.8%Zulu respondents).
Even fewer could fully interpret the equation and idengifyducts and reactants (5.3% of
Qhakaza, 6.7% of Buhlebemfundo and 14.3% of UniZulu). Thepeaince was poorer than
that reported by Adams where many students gave a perfoensh around 50% (27.9% of
Techikon new intakes, 42.4% of Cell Biology new intakes, 53.2¢%6stfyears, and 54.5% of

seniors). This illustrates the misconception identified\dgims (1998) that most students think
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respiration and photosynthesis are opposite processes. Tluienoa was high with the overall
mean of 2.84 (Qhakaza had 2.55, Buhlebemfundo 2.77 and UdZl)laonsidering that the

performance was very poor on this question (Table 13).

Table 13: Percentage of students selecting two-tieredtags for question eleven.

School-Year of | No of Content| Reason Choice Total | Mean
study Students| Choice A B C D E | % Confidence
Qhakaza 19 A 0 26.3| 0 5.3* 26.3 2.55
Grade 11 B

C

D
Buhlebemfundag 45 A 22 |44 15.6| 6.7* 28.9 2.77
Grade 12 B

C

D
UniZulu 7 A 143 | O 0 14.3* 28.6 | 3.2
First Year B
(BIS) C

D

Correct answers are indicated with asterisk (*)

In answering question thirteen, most learners selelbgedorrect summary equation for
respiration. However, far fewer of these could interfiretequation correctly. This may be due

to a lack of understanding of the processes involved.

In discussing these results, it is important to notettiasmall sample size from UniZulu

makes generalisation for this group more difficult. Howeslata were analysed to see if there
were any differences between data collected from tlee thites (Fig. 7.11). Independent-
Samples t-test analyses showed is no significant diferbatween the performance of learners

from the Qhakaza, Buhlebemfundo and Unizulu.
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Figure 7.11: Statistical comparisons of results fronttinee schools.

7.3. REFLECTION AND DISCUSSION

Adams (1998) found that learners confused the relationshigebrtphotosynthesis and
respiration and considered these processes to be oppbsaebers may also perpetuate this
misconception. For example, material prepared for Utale Sfairade pupils stated that
respiration is almost the ‘exact’ opposite reaction to @hoithesis (Westbroek, 2000).
Learners at this level have not really grasped the nuafid@sguage where they can
understand at first glance that the ‘almost’ in thatesae highlights the differences. Hudson
(2001) asserts that in the absence of light, the procesgpoftem is the opposite of
photosynthesis and never mentions the complementaritiae pfocesses. Althougiadarh
participants had problems explaining how they arrived at #amsiwers, they realised that the
two processes were not opposites but complemented eachloiiees observed while they
were playingZadarh that many realised through their interaction with fhano’ that by just
reversing the processes of photosynthesis, that is by jisngekeys they played, no

respiration took place. Players often struggled with thisgfdhe game.

Many students, after playirgpdarh, still harboured certain misconceptions relating to praduct

and reactants of photosynthesis and respiration proc&¥ggbgegard to photosynthesis few
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learners comprehended that photosynthesis is dependent on tigespimation is not. Many
learners thought that oxygen was a by-product of photosynthesead of realising that during
photosynthesis more oxygen is produced than is needed poates and other processes and
the excess gas is given off. Pertaining to respiratioreps@s some learners thought that plants

did not respire and thus, were unaware that oxygen absoyl@drits was used for respiration.

Again, learners demonstrated lack of understanding of thettight and dark phases of
photosynthesis. The performance was poor on these questibrisw students able to identify
complementary of the processes. The main problem watthesion of times as to when these

processes do happen.

Students struggled to identify the 'light compensation paimt'the significance of the different
points on the curve. The majority thought it is the pointlatiwmore photosynthesis took
place. Students did not understand that the rate of photosignthaches a point where it

remains constant even if the light intensity is incedas

Results presented above from play#faglarh suggest that misconceptions appear not to be
overcome by only playing educational games and hence, the ariginaiesolving puzzles
(authentic tasks within the narrative of the game) réswleep learning (Amory, 2001) may not
apply. These results presented here support those of A#86&) who argued that there is a
need for change of learning strategy for improvement todlised. Adams allowed learners to
play Zadarh for one hour only while students from Qhakaza, Buhlebemfandor holokuhle
played the game for many hours over a number of weeks. \lowgarticipants in this study
were enthusiastic and were able to solve the puzzles.foreri is difficult to understand why

learners, even after playing for many hours, still did ndiewstand the processes involved.

It was noticed, however, during game-play that many maaitits stopped trying to discover
information and solving puzzles but instead worked hard ainlgeeir peers by attempting to
finish the game in the fastest possible time. Agaiapfieared that memorization of the
solutions to puzzles seemed to play a role in this catiggebetween players. It was observed
that most students wanted to get answers from theis pibatt is, they wanted others to tell
them how they managed to reach certain positions. Oncedisiexplained the next question
was invariably, “what do | do ‘next’ to get out of here’Hid might reflect on the way in which
most learners were taught to think: they wanted to plagdhee in a linear style instead of
realising thaZadarh is designed in a way to accommodates each one of thetheindnique

way of looking at life in general, and their unique appros¢bgroblem solving. Learners fell
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into what Lock (2003) calls ‘playing without thought’ whereduently-used segments of the
game are memorised for reuse later. Therefore, itaappleat learners reverted to their
predominant mode of learning (rote) even when presentedeaithing tools designed to
engage them in authentic tasks. This resulted in theolaghkderstanding of the processes

involved in photosynthesis and respiration.

The results, however, reveal two observations. Theiditste reality of the deep-rootedness of
the misconceptions. Thus, in discussing the results in gesrezaif the critical observations
made was that most learners demonstrated a high preporelevaticking to the old ways of
learning and showed uneasiness to be explorative, flexible@mntinear in their approaches to
playingZadarh. The second observation relates to the approach of |leawhen faced with
difficult tasks. When playingadarh the majority of learners looked for answers from their
peers instead of trying to solve the game puzzles. Thayadidomprehend the importance of
solving these puzzles which could be helpful not just in #meebut also in the development of
their cognitive and critical skills. The rapid technologicaries and information explosion
force students to develop and effectively apply criticalkinig skills to their academic studies,
to the complex problems that they face, and to the ariticoices they make as a result (Oliver
and Utermohlen, 1995). The results show that these leanmeeesproduct of a rote learning
approach which does not allow them the freedom to be indepahdsrs but which
according to De Lisle (1997) focuses only on facts to bedgbuncritically. The education
system appears not to teach these learners to belctdicaason and reflect, and apply
knowledge by means of skills rather than learned factstby These results support Adams
(1998) who argued that alternative teaching approaches needittopted to overcome such
problems as deep-seated misconceptions. Such social camstnuenethods advocate learning

through teamwork and accommodate cultural differencesleanner experiences.

The results presented in this section suggest tlegtsieated misconceptions remain after
playing an educational game specifically designed to asldnesconceptions related to
photosynthesis and photorespiration. It is argued that leaeners experience new challenges
they appear to revert to their predominant mode of learnimghwn this case appears to be rote
learning, where memorisation and regurgitation of whigaimed is paramount. Pulkkinen and
Ruotsalainen (1997) argue that the social aspect of constrleztivieng is important because
collaborative methods of learning develop critical thinking tgrodirecting learners towards

discussion, clarifying their own ideas, and evaluating otheéesis.
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7.4. REANALYSIS OF PROBLEM

In this present context, where learners learning abibtieset in the rote learning mode, which
does not provide space for a mind that is explorative, fiexibd inquisitive, the results (above)
reveal that game-based learning founded on modern educalieasés alone cannot attain
expected results of enhancing skills. Learners who partzpatthe game encountered many
problems and most of them needed some extra help as theyletirugth the content of the
game and its environment. Knowledge is a human product thatigdlg and culturally
constructed (Gredler, 1997) and therefore, by working olingapndividually these learners
were not gaining any knowledge and their cognitive skills didmptave. Based on Doolittle’s
(1999) assertion that ‘knowledge is the result of socialanteEm and language usage, and thus
is a shared, rather than an individual, experience’ additinvestigations studies were
undertaken. Backgrounds of people involved in the construdtiomooviedge are paramount.
Swortzel (1999) raised a few epistemological tenets oakoonstructivism: (i) Knowledge is a
result of shared social experiences and social negotiatimeaning; (ii) Knowledge is a
consequence of shared experiences between individuals aradliated through language. This
means that an individual cannot alone effectively and efftty construct knowledge; (iii)
Knowledge is bound to a specific time and place, hence sgesteon that it is socially and
culturally based; and (iv) Knowledge acquisition is based aloglie. Consequently,
communication is central to learning in the social aoesivism environments. Hence,
Educational Communication and Technology Agency (2004) report rhisdack of
communication as one of the major weaknesses of gamesstiattash which are designed

for a single user with limiting effect on promoting edlbrative learning.

Therefore, to investigate the value of social intéoactiuring game-play and in order to
encourage collaborative learning, learners pl&asthrh in groups. These learners were
requested to collaborate with each other by sharing conspplaying together and
communicating with each other. Each group consisteduofléarners two sharing a computer.
Learners were also asked to discuss their decisions fohthees they made and ask each other

for clarification where one was needed.

7.5. EVALUATION AND TESTING OF SOLUTION IN PRACTICE

7.5.1. Participating Schools
Only Qhakaza High School, with 13 Grade 12 participantss selected to participate in this
exercise. The group consisted of a similar number of bogl girls who playedadarh for a

total of 8 hours over 4 days. These participants were exeliff set of learners to those
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previously participated in the study consequently direct cosges are difficult as the sample
are not the same individuals, and the sample is smaleMer, it could be argued that although
caution needs to be exercised in providing direct comparisodst thre circumstances these
samples do represent the same population and based onaftasegeneralisation could be

made.

7.5.2. Materials and Tools

A questionnaire, similar to that used in the previous inyasbn contained only 8 of the
previous questions: 4 poorly and 4 well answered questiomtie previous investigation were
selected. In addition, group tasks were created wharedes were asked to find puzzles that
supported the reason statements (tier 2 questions) of éséannaire. As before, the first tier
guestions probed concepts or relationships between the phittesis and respiration and the

third tier asked students to rate their confidence in #reswers.

7.5.3. Procedures

In this study, decisions were reached through teamwogctiagions and some support from
the researchers during the game play. From the previousfihe study, it was recognised that
some learners were good in playitadarh but struggled with the written test. Consequently, a
group of ten learners took a written test (group 1) whitereem group of 3 learners did the oral
test (group 2). Learners taking the oral test were giveiteld help by way of clarifying
questions they did not understand. In the next section,sdeulhis part of the investigation
are first presented and then these findings are compatieosesfrom the previous

investigation.

7.5.4. Questionnaire Results
7.5.4.1 Results for students working in groups/pair s

The findings show that although misconceptions still existiedertheless, there was great
improvement with learners working in groups performing beétt@n those working alone (see
Annex 3 for questions). It is important to note thatithgrovement in the results is attributable
to working in groups and the higher level of support, receinad the researcher, in terms of

clarifying the less understood concepts and probing questioms Velaeners were stuck.
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Figure 7.12: Results of Qhakaza learners working in groups

Group 1 had an average score of 75% for the correct amandrd2.5% for the correct reason
while Group 2 with an average of 90.5% for the correct arsand 50% for the right reasons
outperformed the other groups (Fig. 7.12). From the previody stdividuals working alone
averaged 61.9% for the correct answers and 29.4% for proviténgght reasons. The next

section analyses each question (Fig. 7.13).

Question 1

Question 1 asked which gas is released in large amiouthis presence of sunlight. Most
students correctly chose oxygen (Group 1 = 90% and Group 2 =)6&{o%ever, only a few
students grasped the processes involved (Group 1 = 40% andZGrd@3%) by giving the
correct reason that more oxygen than is needed for a@epiand other processes is produced
by the plant during photosynthesis, so the excess gas s @iveT he mean confidence for
their answer was high (Group 1 = 2.9 and Group 2 = 3.3) (T4ble

Table 14: Percentage of students selecting two-tieredtags for question one.

School-Year| No of Content| Reason Choice Total Mean
of study Students| Choice A B C D E % Confidence
Written Test| 10 A 2.9
(Group 1) B 30 10 40* | 10 90

C

D
Oral Test 3 A 3.3
(Group 2) B 33.3 |0 33.3*| 0 66.7

C

D

Correct answers are indicated with asterisk (*)
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Question 2

Table 15: Percentage of students selecting two-tieredtams for question two

School-Year | No of Content | Reason Choice Total | Mean
of study Students | Choice A B C D E | % Confidence
Written Test | 10 A 0 60* 20 |0 80 2.7
(Group 1) B

C

D
Oral Test 3 A 2
(Group 2) B 0 33.3*| 0 66.7 |0 |100

C

D

Correct answers are indicated with asterisk (*)

Question 2 asked which gas is absorbed in largest amouhts gmesence of sunlight. Most
students correctly answered that it was carbon diog@®up 1 = 80% and Group 2 = 100%).
However, 60% of Group 1 and 33.3% of Group 2 provided the appropésen that
photosynthesis is light dependent. The mean confidence wagmg@aroup 1 = 2.7 and Group
2 = 2) (Table 15).

Question 3

Question 3 asked which gas is absorbed in largest amouhts dark. Oxygen was correctly
selected by 70% of Group 1 and 33.3% of Group 2. Nonetheleg3@¥l of Group 1gave the
correct reason with the medium mean confidence of 2.7. G¥supedium mean confidence

was 2.33 and 66.7% provided the correct reason (Table 16).

Table 16: Percentage of students selecting two-tieredtams for question three

School-Year| No of Content| Reason Choice Total Mean
of study Students| Choice A B C D E % Confidence
Written Test| 10 A 2.7
(Group 1) B 0 20 30* |20 70

C

D
Oral Test 3 A 2.33
(Group 2) B 0 0 66.7* | 0 66.7

C

D

Correct answers are indicated with asterisk (*)

Question 4
Question 4 asked which gas is released in largest asimutiite absence of light. Majority of

students correctly selected carbon dioxide (Group 1 = 80%amap = 100%). However, none
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of Group 2 gave the correct reason for their answer but 7@onifp 1 correctly stated that
respiration is a process that takes place all the tilmemean confidence expressed was low for
Group 2 at 1.67 and medium for Group 2 at 2.6 although tleeyded the wrong reason (Table
17).

Table 17: Percentage of students selecting two-tieredtams for question four

School-Year | No of Content | Reason Choice Total Mean
of study Students | Choice A B c D E % Confidence
Written Test | 10 A 70| 0 0 10 80 2.6
(Group 1) B *

C

D
Oral Test 3 A 0* | 33.3 | 33.3 | 33.3 100 1.67
(Group 2) B

C

D

Correct answers are indicated with asterisk (*)

Questions 1 to 4 dealt directly with the relationship betwghotosynthesis and respiration,
probing students understanding of their products and reactadtsyhen these processes
occurred. Learners working alone (previous investigationageel 31.6% on questions 1-4
while those working in groups (written and oral combined)ayed 46.2%. This is an

improvement of 14.6%.

Question 5

Question 5 asked when the light phase of photosynthesis oatuisst all students knew that
photosynthesis occurs only in the presence of light (Group 1 =@@P&roup 2 = 100%). Of
Group 1 20% who gave the correct reason did not understandela higiht in this process
while 66.7% of Group 2 got the right reason; it was believe8d8 of Group 1 that the light
phase involved the uptake of carbon dioxide which shows the deiguhness of their
misconceptions; the mean confidence for both groups was mo(erate 1 = 2.7 and Group
2 =2.37) (Table 18).
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Table 18: Percentage of students selecting two-tieredtams for question five

School-Year| No of Content | Reason Choice Total Mean
of study Students| Choice A B C D E % Confidence
Written Test| 10 A 20* |80 0 0 90 2.7
(Group 1)

C

D
Oral Test 3 A 2.33
(Group 2) B 66.7* | O 0 33.3 100

C

D

Correct answers are indicated with asterisk (*)

Question 6

Table 19: Percentage of students selecting two-tieredtams for question six

School-Year | No of Content| Reason Choice Total Mean
of study Students| Choice A B C D E % Confidence
Written Test | 10 A 2.2
(Group 1)

C 10 20 0 30* 60

D
Oral Test 3 A 2.33
(Group 2) B 333 |0 33.3*| 0 66.7

C

D

Correct answers are indicated with asterisk (*)

Question 6 asked when the dark phase of photosynthesis ddolike. in the previous test,
many students (Group 1 = 60% and Group 2 = 66.7%) knew that thpldese is simply light
independent, and thus takes place continuously, in the preseabsence of light. However,
they appeared not to understand the reasons for their chdlwe @nfidence were low (Group
1=2.2 and Group 2 = 2.33) and only a few gave the coeason (Group 1 = 30% and Group
2 = 33.3%) (Table 19).

Question 7

Question 7 explicitly asked about the relationship of the phlase and dark phase of
photosynthesis. The majority of participants identify treeseomplementary processes (Group
1 =70% and Group 2 = 100%). A small number of students wild atentify products and
functions of each phase comprised 20% of Group 1 and 66.7%w0p@r Many students
believed the light phase involved the uptake of carbon dioxide. Grbag @ high confidence
of 3.33 but Group 1's poor mean confidence of 1.7 illustratelatheof understanding of these

concepts (Table 20).
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Table 20: Percentage of students selecting two-tieredtags for question seven

School-Year| No of Content | Reason Choice Total Mean
of study Students| Choice A B C D E % Confidence
Written Test| 10 A 1.7
(Group 1)

C 20* |10 40 0 70

D
Oral Test 3 A 3.33
(Group 2) B

C 66.7* | O 33.3 |0 100

D

Correct answers are indicated with asterisk (*)

Questions 5-7 show that, although there were some improvembeaislearners worked in
groups, there was a lack of understanding of the role ofdigthtdark phases of photosynthesis
and respiration. Performance was poor with learnerking@alone (previous investigation)
with the mean of 16.4% while those working in groups aver88e2Pso. This is an

improvement of 16.9% more learners being able to identify th@semplementary processes.

Question 8
Table 21: Percentage of students selecting two-tieredtams for question eight
School- No of Content | Reason Choice Total Mean
Year of Students| Choice A B C D E % Confidence
study
Written 10 A 10 20 40* |0 70 2.3
Test
(Group 1) C

D
Oral Test 3 A 0 33.3 | 33.3* | 33.3 100 2.67
(Group 2) B

C

D

Correct answers are indicated with asterisk (*)

Question 8 examines student understanding of the relationstipdrephotosynthesis and
respiration. A figure was shown representing a light respounse and students were required
to identify the light compensation point. Most learner((rl = 70% and Group 2 = 100%)
could indicate the light compensation point unlike in the previlmusstigation where they
could not. Fewer students (Group 1 = 40% and Group 2 = 33@8Ugh could interpret its
significance which is that at this light intensity tlaer of photosynthesis equals the rate of

respiration. Both groups obtained a mean confidence (2Qrtmrp 1 and 2.67 for Group
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2)(Fig. 21). However, in the previous investigation most stsdentiggled with identifying the
'light compensation point' and thought it is the point attvinnore photosynthesis took place.

There was a huge improvement of 32.7%, from 13.5% for studenking@lone to 46.2% for
those working in groups.

100

Marks in Percent

Questions

Figure 7.13: Percent of correct answers given by thréieipating groups from Qhakaza High School,
(A) Group 1 (Written), (B) Group 2 (Oral) and (C) indivads (From the previous test). The shaded
represents the percentage that identified the corresmnmsa

7.5.4.2 Analyses of results for students working in dividually and in groups

In this section results for student who worked individuatly referred to as Group A (taken

from the previous investigation; n = 19) and for students whé&edoin a group are referred to
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as Group B (results for Group 1 and Group 2 of this patieinvestigation were merged; n =

13). All participants were from Qhakaza.

Question 1

Question 1 asked which gas is released in large amiouthies presence of sunlight. Majority of
both groups correctly chose oxygen (Group A = 84.2% and Greup86%). However, only
21.1% of Group A and 38.5% of Group B correctly understood theg oxygen than is needed
for respiration and other processes is produced by theduang photosynthesis, and
therefore, the excess gas is given off. There was &olifigprovement when learners played

together.

Question 2

Question 2 asked which gas is absorbed in largest amouhts gmesence of sunlight. Most
students correctly answered that it was carbon diok@®up A = 100% and Group B =
84.6%). Many from the two groups understood that photosynthetepéndent on light (Group
A =57.9% and Group B = 53.8%). Both groups appeared to holthsiiews.

Question 3

Question 3 asked which gas is absorbed in largest amouhts dark. Oxygen was correctly
selected by 57.9% of Group A and 69.2% of Group B. There wasmovement in the scores
(17.4%) for choosing the correct reasons as 21.1% of thodengy alone and 38.5% of

learners working in group knew that oxygen absorbed is ugedpiration.

Questions 4

Question 4 asked which gas is released in largest asimutiite absence of light. Majority of
students correctly selected carbon dioxide (Group A = 68.4)&saoup B = 84.6%). However,
31.6% of learners working alone and 53.8% of those workingompgr correctly reasoned that

respiration is a process that takes place all the aménfprovement of 22.2%).

Question 5

Question 5 asked when the light phase of photosynthesis obtasslearners knew that it
occurred only in the presence of light (Group A= 75.9%, GB®g100.0). The role of light in
this process was not well comprehended with only 36.3% affizfoand 30.8% of Group B
aware that the light phase involves electron transporthadnty takes place when sunlight
excites chlorophyll molecules, causing them to give uprelest Individuals performed 5.5%

better than groups and therefore, there was no improvement.
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Question 6

Question 6 asked when the dark phase of photosynthesis aocu8$§.3% of Group A and
61.5% of Group B provided the correct answer. Howevegdhect reason that the dark phase
is simply light independent, and thus takes place continueesygiven by 15.8% of learners
working on their on and 38.5% of those of those working in grddpse of those working in

groups understood this concept.

Question 7

Question 7 asked about the relationship of the light phasdaakghase of photosynthesis.
Only 15.8% of Group A and 76.9% of Group B were able to idetligge as complementary
processes. The correct reason for the answer was lgive3% of Group A and 30.8% of

Group B. There was improvement 25.5% for those workinganos.

Question 8

Question 8 probed the students understanding of the relatiorethipdn photosynthesis and
respiration. A figure was shown representing a light respounse and students were required
to identify the light compensation point. Group A had themszmre of 73.3% and Group B
had 76.9%. The right reasons were given by 10.5% of Group A&@ébo of Group B who

knew that at this point the rate of photosynthesis equalatb®f respiration.

Individual and Group Work
O Answers @ Reasons

100.0

80.0 A

60.0 -

40.0 A

Means in Percent

20.0 A

0.0

Individuals Groups

Qhakaza Students

Figure 7.14: Mean scores for Qhakaza Learners who pEggath individually or in groups

The results of the two groups indicated that Qhakazargsiddno worked alone attained an
average score of 60.5% for the correct answers and 238¢éléxting the correct reason for

those answers; Qhakaza learners working in groups (Groapdéaged 79.8% for the correct
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answer and 44.4% for the right reasons (Fig. 7.14). Therdfurse learners who discussed
their interactions and game-play choices with their cgliea §ocial dialogue) were able to
answer more questions correctly but were also ableoiode the correct reason for their

choices

The results presented above were analysed using the nonparatagéstical test because of the
smallness of the sample. It is argued that small sarplesly pass a normality test and
therefore, it is a mistake to test every data setdomality, and use the result to decide between
parametric and nonparametric statistical tests; on thex band, nonparametric methods are
most appropriate when the sample sizes are small (Sts2808). Therefore, in the first part,
students (n=13) who took the written test were compared $e tivbo did the oral test using the
nonparametric Wilcox Test which detects differences irdisteibutions of the two related
variables. This test produced the negative sum of rain8% and the significant difference of p
= 0.001 which indicates that the two variables are signifigaifferent. These results suggest
that learners taking oral test performed better these taking the written test. This supports
the earlier finding that language can influence measungsrtdrmance. Secondly, results of
Qhakaza learners working alone were compared to thosaroete who worked in groups (oral
and written tasks combined). Again, because of the saadples involved the nonparametric
Wilcox test, which is an alternative to a paired samplest, was carried out. With respect to
the correct answers given by learners working alone vershes# working in groups (tier 1
guestions) the Wilcox mean rank of negative 16.50 indichtgddarners working in groups
outperformed those working as individuals. The low signitieatue of p < 0.001 indicates that
the two groups are significantly different. Accordinghe Wilcox Signed-Rank test
distributions of performance is greater for those learm@rking in groups. Similar results were
attained when the means for the correct reasons werswdigected to the Wilcox test. The
Wilcox mean rank of 22 indicates that learners working augs perform better than when
working alone. The low significant value of p < 0.001 indicates there is a substantial
difference between the two groups. Again, the distribus@kewed towards those learners
working in groups. Therefore, Qhakaza learners, ancignsion learners from the

disadvantaged communities, perform better when they engaggnmwork.

7.6. REFLECTION AND DISCUSSION

Results presented is this section clearly show that \Wealmers who worked in groups still
harboured misconceptions, they clearly understood the gexe$ photosynthesis and
respiration better than their peers who plaxadarh individually. The results confirm the

important assertions made by many scholars that workitegms improve people’s critical
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skills and that small-group, cooperative instructiondaswerful effect on a variety of
additional outcome measures, including higher-order (djiticanking skills and cognitive
development (Cooper and Robinson, 2002). Simon (2001) arguestisatuctivist theories of
human functioning must acknowledge that individuals cannot alée&ieély construct

meaning.

Cooper and Robinson (2002) say that when peers work togleéneris a great deal of
modelling, cognitive disequilibrium, feedback and perspectikmg emerges as students
explain and receive explanations from their colleaguesn Eyeeople are not of the same
mental capacity they still learn from each other becthesebring different skills to learning.
Chee (1997) warns that although collaborative learning wodgsjisance must be taken of the
fact that if weak students are grouped together the |éweppovement is not the same as
grouping together stronger learners. For example, in tareige carried out to teach one of
Shakespeare’s booldglacbeth, it was found that weak learners when arguing their case
muddled their thinking by combining both position of prosecutiondfience of Macbeth.

They were unable to substantiate their viewpoints wittsfand evidence from the play.

These results illustrate the point that ‘knowledge is theltref social interaction and language
usage, and thus is a shared, rather than an individyegrience’ (Doolittle, 1999). Cooper and
Robinson (2002) argue that when the National Science Foungatject directors were asked
to evaluate which of the 13 possible innovations in their undéogte teaching was central to
effective teaching of students, working in teams was rartiietighest. From the cognitive
perspective, small-group instruction allows students to deghjitrehearse and relate course
material into existing schema or conceptual framewohkss producing a deeper,

contextualized level of understanding of content (Kurfiss, 1988)

7.7. ANALYSIS OF PROBLEM - THE USE OF YKHOZI IN PROMOTING SOCIAL
CONSTRUCTIVISM

7.7.1. Introduction

The educational gam&hoz, developed to overcome the technical navigational problems
previously identified irZadarh, is designed as a social constructivist learning environment
where co-operation amongst learners is a vital part oegday and is created to host a number
of different microworlds. The findings from the literaaydacommunication skill tests were
considered whey yKhozi was developed in order to placesime gontent at the appropriate

level while still providing quality information. The prewus sections clearly indicate that
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playing in a group helps learners overcome misconceptions efmdle, it was discovered that
learners from semi-urban areas lack the skills to suadigsshdertake tertiary education.
Therefore, can the use of educational microworlds develwpine form of games where
learners are encouraged to play and communicate withoglaehdevelop skills such as literacy
and communication? The following stuffy tried to ascert@animportance of play done
through social interaction and dialogue in the developmfeoésic skills such as visualisation,

numeracy and logic.

7.7.2. Objective

The aim of this second part of the study was to determimatheryKhoz caneffectively

address and improve literacy and communication skillsaohlers playing in groups. The use of
yKhoz is interesting because it covers two aspects of leawtiich were quite diverse. The
researcher tried to investigate the abilitykihoz, a game which covered the topics of diseases
(Cancer, tuberculosis and HIV/AIDS), to develop learneognitive skills, particularly their
literacy and communications skills. This study considesegre-tests the studies and results
attained in the previous sections, e.g. 6.2, 6.3, whenedesaworked and answered questions
individually and 7.5 where they worked in teams/pairs but gadigidual answers. It is,
therefore, the objective of this part of the study to aareift playingyKhoz in groups and
answering questions in groups, i.e., engaging in a samietructivist learning can improve
skills. The paper-and-pencil test to measure literacycammunication skills based on POM

principles (Chapter 5) was used to investigate skill dgraént after game-play.

7.8. EVALUATION AND TESTING OF SOLUTION IN PRACTICE

7.8.1. Participating Schools

Participants in this part of the study included 2005 Gradeutizists from Buhlebemfundo
Secondary School. As it was the intention to compare gudtseof these participants with those
that participated (referred to as students from 2003heimevelopment and evaluation of the
skill questionnaire (Chapter 5) it is necessary ta iimgestigate the similarities between these
two groups. The academic records of these two groupshesefore investigated. The samples
from 2005 consisted of 55 learners and the sample from 2003 e&5tets. Their performance
in their Grade 11 final (2003 — 46.54%, 2005 - 42.44%) and English (2003 — 329680
37.84%) examinations were similar. The Independent Sampst sFtowed that there was no
significant difference between these groups (p = 0.058rfal éxaminations; p = 0.933 for

English examination). The data for this section wereectéld between February and May 2005.
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7.8.2. Tools and Materials

For this part of the study, op&hoz portal or microworld used was designed to provide players
with knowledge related to viruses and bacteria, HIV/AIB&] Cancer and Tuberculosis. The
setting of the game is in a rural African village. &fplayingyKhoz for about 16 hours over a
period of 4 weeks, learners were asked to answer a geesfions which evaluated their
literacy and communication skills (see Chapter 5). & phirt of the study learners played and
answered the questions in groups of three, where thelgdmcuss a question and give one
answer. However, to ensure that the actual learning \adlg ta&king place, learners were
rotated and encouraged to work with people they had euiqusly worked with. This was to
encourage those who were weak not to lose interest gatine as they would get help from the
more able players. Learners were allowed to spend astmelon the questionnaire as they

required and the average time they spent was one houmififiytes for the 80 questions.

To evaluate the practicality and effectiveness of the gpaméicipants were requested to play
yKhoz for as many hours as they wished and thereafter werd &skieir opinions in a short
guestionnaire. During play, the researcher also maderceliservations. After playing the
game a focus group was formed which consisted of 6 leafBaf each sex) from
Buhlebemfundo with the aim of ascertaining whether leathetgght that games likd&Khoz

are needed in schools. Since the session was held in Etigéidearners were given structured
guestions 10 minutes before the session so that they dattlfbsmulating their answers. When

the session began, they were all eager to be heard.

7.8.3. Game Environment

Although all these learners had no prior experience waithputers, it was observed that they
were able to move easily within the game environment afawvaessions. The first day was
spent trying to familiarise participants with the mouse mwam and the game environment.
Problems encountered later were solved with the assestf those learners who had come to

grips with the mouse movement and game environment.

Regarding the interest in the game, both male and éwerle eager to play the game and none
wanted to leave the classroom at the end of each se8sithis stage of the study only12 to 15
volunteer-students were needed to take part in the study. Howeser than 36 participated in
the study which remained fairly constant throughout thisgiaghe study. At times participants
experienced problems such as the computers freezing arldg¢heom becoming too hot.
However, they attempted to solve such problem by suggestinthéhedmputers could be

spread around the classroom and boys and girls could atterhte sessions. This second
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solution created a small problem as the information wasrremmunicated to the researcher
and one day there were no male participants. Howevetpdigntinuous technical problems at
the School LAN and the instructivist nature of the learningrenment at the School, learners
were later bussed from their school to a LAN at the UK&Nch was air-conditioned, and

where fewer technical problems arose.

7.8.4. Results of Focus Group Analysis

On the questions about learners’ impressions about gameKliga and whether they think
are needed in schools most students answered affirmatiedyAnnex 4 for questions). They
felt thatyKhoz was informative about causes and prevention of HIV/AIDSahd Cancer.

The names used below are fictitious.

Peter said, “I absolutely love the word-puzzle and thelag game where you match all the
causes and preventions of AIDS”.

Busi added, “From reading on books even your English language impr&heswent on to
state that the game would help teenagers to make infateesions about their lives
regarding the killer diseases.

Mbuso replied, “Yes, because it really teaches us on howséisean be cured and how they
occur and their symptoms on how you can determine that this pgerseffiering from
which disease.”

Mbuso raised another important issue of enjoyment duringgpidyshe said, “ItyKhoz) is not
difficult to play but it is also fun to listen to sometbé people when they talk and crack

jokes when they play”.

On the question of whethgKhozi was easy to play, in terms of interface and navigatiany
learners answered yes. There was a divergence of opneigersiing the skills needed and most

learners stated that the ability to use a mouse and readnegessential.

Lawrence was comprehensive in his answer as he thowghirghortant skills needed were, use
of mouse, reading, application of information, and being @biellow instructions. Busi listed

the ability to listen as another important skill.

However, there were those who believed that to use the masseot a skill and therefore,
answered that no skills were needed. For example, Lmsiapporting that no skills were

necessary stated, “You use mouse all the time and the cemtpllg you what you can do”.

15¢€



Mbuso in agreement expressed, “All the instructions arplsias you just follow the red or

orange arrow”.

On the question of which different games learners likedt, many learners claimed that they
liked to play card games and puzzles (Mbuso, Jali, Laagg)computer games which were not

violent (Busi) and educational games (Linda).

On the question of what they did not like abgkihozi, most learners stated that they liked
everything. However, some stated that they disliked béutk sind not knowing what to do

next.

Busi said, “I don't like it when | get stuck and sometirhas clueless about information”.

Peter declared, “I don’'t enjoy it when | get stuck in oneg@knd | can’t move to the next level

until some one comes to help us”.

Busi did not realize that clues could come from othemkss while Peter acknowledged this

part but just does not like working as part of a group.

On the question of what they learned while playikgoz, all stated HIV/AIDS, TB and

cancer. Most learners stated that they now had a bettierstanding of the diseases and their
prevention. Mbuso, Linda and Jali showed that they learned abmputers and
communication skills. Busi asserted that the most impbstdt she acquired frorpKhoz was
working in a team. Lawrence expressed that he learned allourtes of other African people as
he had never been in a roundavel (roundhouse) and never mesquito net. Figure 3 below
shows the inside of a roundavel with a fire place and a nitosget and a fire place in the
middle.

On the question of how playinglhoz in groups helped them in their work, most raised the

importance of working in groups.

Peter said, “It){Khoz) helped us because we learnt to listen to each atlderses and

suggestions on how to go about the solving different problems”.

Mbuso agreed, “Now | know we don’'t understand the same ways@ne (people) are friendly

and some are cheeky, but we have to work together”.
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Lawrence stated, “We share different ideas and diffeskills”.

On the question of whethgiKhoz was interesting all learners gave a positively response.
Peter asserted, “Of course, all those beautiful featuhes and the lovely Thusano who is

always making me laugh makes it all so interesting”.

Mbuso adds, “... especially for a person like me who isglbiology”.

On the question of whether playing the game in groups hefiehswered yes and stated that
most parts of the game needed players to discuss some g ved was made that majority
of learners working individually struggled with matching bleesults and therefore, they were

forced to talk to each other.

Busi declared, “Yes, because if you play the game alone andioydiuunderstand clearly there

iS No one to assist you”.

However, Mbuso felt that working in groups was wasting inee &is she wanted to work on
interesting parts only and said, “may be it helped ¢vengh | understood better playing by
myself, playing in groups did not help much because somewénisto jump the topic if it is

boring”.

From the discussions learners agreed;tiiabsi was an easy and practical game to play. They
also felt that it was interesting as they engage gatime characters like Thusano, the integrated
help agent, who also provided some fun as Thusano somejavesinintelligible answers.
Students felt that the skills learned were usage of ca@npragmmunication and working in
teams, on top of HIV/AIDS, TB and cancer diseases. Sdstementioned that they learned to
listen. Even those who felt that working in groups wasatevof time still stated that they

learned to listen and to work in teams.

7.8.5. Skills Test Results

The effectiveness of the game was determined by askingdedongarticipate in a literacy and
communication skills test (See Annex 1 for questions). Ralyaing this part of the study a
guantitative analysis was carried out. The resultsliamded according to their different
categories of visualisation, logic and numeracy, and aomtation. The results show that the

2005 learners who playe#hos together (referred to here &soup) had the overall mean of
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63.4% an improvement of 23.5% from the previous average of 39.9% dttgitiee 2003
group (refereed to here bxlividual).

7.8.5.1. Visualisation Skills

The overall mean on the visualization skills of 60.8% foresttglworking in Groups is an

improvement of 14.1% from the Individuals’ mean of 46.7%.

2D Visualisation Skills

2D Visualisation Skills
B Individual @ Group
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80 1
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Mean Score in Percent
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Questions

Figure 7.15: 2D skills results of both groups of learners.

In the 2D skills, questions (Fig. 7.15) learners were requaedentify two objects made up of
the same components but arranged differently. Learner®héglialise the way an object
would look like after being rearranged before making tHeaiaes. Group learners scored an
average of 56.5% and performed 22.3% better than the Indigdugb who scored 34.2%.
Performance improved slightly for questions 1, 4, 6, am¥alving triangles and rectangles.
Question 1 asked learners to identify rectangles contaamoggand only 33.3% of the Group
gave the right answer (e), an improvement of 9.6% from 23t#hed by Individuals.
However, many Group learners selected (d), an exact oppb¢ég half of participating
students (50%) found the question difficult. Performancegeasl for question 2, dealing with
rectangles, with 91.7% of learners working in groups chookimgarrect answer (c), an
increase of 11.6% from the 80.1% scored by those working duitly.

For question 4, with the correct was answer (e), leanverking in groups had the mean of
50% which was an improvement of 40.9% from 9.1% achieved by |samoeking

individually. A third of (33.3%) the students working in grogh®se the wrong answer (c) and
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50% of them found it difficult. For questions 5 there wagarovement of 12.6% from 29.1%
achieved by learners working alone with 41.7% of learnergingin groups choosing the

correct answer (e). Nevertheless, more students (50%ghsise the wrong answer (a).

For question 6, the correct answer was (d) and studenksngon groups averaged 66.7%
which is an improvement from the previous group (Individual) of 3786 question 7, (c)
was the right answer with 50% of students working in grougsiget right and another 50%
choosing (b). There was an improvement of 31.8% from 18.2%eabliained by learners
working alone. On the other hand, 41.7% of the Group learrsgesighat they found this
guestion difficult.

Questions with arcs and triangles provided some difficultiesnost learners. This is seen in
guestion 9 where the correct answer (c) was given by 41f Téaroers working in groups, and
the equal number chose (e) as their correct answéyr.33r8% of these participants claimed
that the question was difficult. There was an improverogA1.7% from 20% achieved by

learners working individually.

3D Visualisation Skills

The exercises on 3D skills required the matching oflainfigures viewed from different
angles. Learners working in groups had the mean of 69.6%hwha 15.7% improvement on
53.5% scored by learners working alone. Fourteen questioresagain used to determine the

3D visualisation skills of learners (Fig. 7.16).

3D Visualisation Skills
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Figure 7.16: 3D visualization skill results for both groopkearners.
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Learners working alone performed well in questions 1012Bnd 14 but learners working in
groups performed better. All learners were better ahaD at 2D visualisation. For question
10, the correct answer (d) was chosen by 83.3% of learekény in groups an improvement
of 19.6% from 63.7% attained by learners working individually.dtmstion 11 the correct
answer (a) was selected by 15.9% of learners workingpimpg who averaged 83.3%. Learners

working alone had scored 67.4%.

For question 12 the correct answer (e) was selected by 8.B#rners working as
individuals, this was 9.8% more than 66.7% achieved by tvodeng in groups. For question
13, the correct answer (c) was chosen by 91.7% of studeriteng in groups, an improvement
of 9.8% from 81.9% scored by those working alone. For questi¢d) Idas the right answer
and 75% of students participating in groups answered clyrrantincrease of 14.9% from the

60.1% of those working alone.

For question 20 the correct answer (d) was selected by 38.@oup learners, an
improvement of 11.4% from 21.9% for those working alone; 58.3Baohers working in
groups found this question to be difficult. For questiont2& correct answer was (c). Learners
working alone had an average 27.3% while those working in gaatipeved 41.7%. About
33% of this group found the question difficult. For quesfi@nthere was a decline of 11.9%
from 61.9% attained by students working alone to 50% for tivosking in groups, who
provided the correct answer (b) while another 50% thoughttieanswer was (c). Again

58.3% of learners working in groups found this question wiffieult.

There was also a huge improvement of 37.8% on question 15 from &&.#86se working
alone to 83.3% for those involved in teamwork. Question 23 shavgeeat improvement of
53.1% from 21.9% for learners working individually to 75% for theseking in groups.

Again, questions 16 realised a big improvement of 29.5% tidests working in teams from
45.5% for those working alone to 75%. For question 17 learramsng alone scored 54.6%
and those working in groups scored 75% an improvement of 2@d@&stion 18 results showed
an improvement of 5.8% from 69.2% for learners working alone toféb%arners working in
teams. For question 19 learners working in groups scored &h6etprovement of 15.7%

from 51% attained by those working individually.

2D - 3D Visualisation Skills
Seven questions assessed learners’ ability to trangDrobjects into 3D forms by mentally

folding, along the perforated lines, flat objects made fr@ogs of metal or cardboard. This
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section did not realise any significant improvement withsttwre of 48.8% secured by students
working in groups and 49.2% attained by learners working alorenAlgarners who played
yKhoz and worked in groups still showed a lack of mental piesficy to visualise the newly
formed 3D objects from the 2D flat sheets (Fig. 7.17).

For question 24, learners had to identify the semi-cylindr voth sides closed: learners
working in groups scored 75%. This was an improvement of 12s6&aeners working alone

scored 58.3%. However, 16.7% of learners working in groups theserong answer (a).

For questions 25, there was a 1.5% decline in the passaai¢he 18.2% for learners working
on their own to 16.7% for those working in groups. Most lear(t#.7%) working in groups
chose the wrong answer (b) and none of the learners satti¢lgamisunderstood the question.

There appeared to be confusion between answers (a) and (e)

2D - 3D Visualisation Skills
B Individual @ Group
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Figure 7.17: 2D to 3D visualization skills for both groupseafners.

For question 26, the right answer (b) was a three-quapiadgcal shape chosen by 25% of
learners working in groups an improvement of 5% from 20% of twosking alone. Almost
half of learners (41.7%) working in groups chose the wrongemg&). Again 33.3% of learners
working in teams stated that they found this queddifiitult. For question 27, about two-thirds
(66.7%) of learners participating in teams chose the rigiwam(a). Only 17.2% of all learners
selected the wrong answer (b). The majority (58.3%) afelweorking in groups declared that
the question was difficult. For question 28, there waschraeof 7% with 16.7% of learners
working in groups choosing the correct answer (b) comparéd. @6 who selected (c).

Learners working alone attained the mean of 23.7%.
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For question 29, the correct answer (a) was given by 47.38arofers working alone and there
was a 44.4% improvement to 91.7% for those working in groupsvetts, 50% of learners
working in groups found the question difficult. Question 30 amaather one badly performed
with only 50% of students working in groups correctly choog$ma@nd this was an
improvement of 35.4% from 14.6% attained by those learnerdngoakone. On the other

hand, 50% of learners working in groups chose the wrong arjdyver

7.8.5.2. Logical and Numerical Skills

This section was used to assess the learner’s abilibgixally distinguish between the
numerical and word patterns and to apply them to new cenfEixé group’s mean score of
56.9% on the logical skills was 19.2% higher than the 37.7% sbgrisérners working alone
(Fig. 7.18a and 7.18b).

A
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Figure 7.18A: Logical and numerical skills for both groopkearners.
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Figure 7.18B: Logical and numerical skills for both groopkearners.

For question 31 the question asked “Which one of the fiveast like the other four (a) bear (b)
shake (c) cow (d) dog (e) tiger” and the correct ansveer () because the others were four
legged animals. Learners working in groups attained a noese of 83.3%, an improvement of

25% over 58.3% attained by students working alone.

Question 32 needed the word “BARBIT” to be rearrangedderato form the name of an
animal “rabbit”. Learners working in groups (75%) scored 5t&3ter than those working alone
(69.2%) did.

Question 33 asked “Which one of the five is least like ther dthe (a) Potato (b) Corn (c)
Apple (d) CARROT (e) Bean”. The correct answer (c¥adruit, was selected by 75% of
students working in teams. This was an increase of 25@&¥49.2% achieved by participants

working alone.

Question 34 asked learners to calculate some basic rathos ages of two brothers where,
“Salim, twelve years old, is three times as old ashother. How old will Salim be when he is
twice as old as his brother?” Students working in gragesed 41.7% compared to 23.7% by

those working alone, an increase of 18%.

Question 35 tried to find the best comparison to “Broth&w sster” therefore “niece is to (a)

Mother (b) Daughter (c) Aunt (d) Uncle (e) Nephew” andsthiearners working in groups
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averaged 83.3% by choosing the correct answer (e) “Nephdug’ wls an increase of 36% as

participants working alone averaged 47.3%.

Questions 36 asked for comparison that if milk is to glass letter is to what, (a) Stamp (b)
pen (c) Envelope (d) Book (e) Mail. The correct answgmn@s selected by 83.3% of learners

working in teams an improvement of 36% from 47.3% of learnerkimgpalone.

Question 37 attempted to find the best comparison for “LiBfi6 EVIL as 5232 is to: (a) 2523
(b) 3252 (c) 2325 (d) 3225 (e) 5223". EVIL is the reverse spellind\dE; the reverse of 5232
is 2325. The correct answer (c) was chosen by 41.7%roEleaworking in teams, a decrease

of 7.5% compared to previous results (individuals).

Question 38 compared three items and wanted to ascéttaenstatement "If some Smaugs are
Thors and some Thors are Thrains, then some Smaudsfanigely Thrains" is (a) true, (b)
false or (c) neither. Those in groups got 33.3% an improveohdri 1% from 18.2% averaged

by learner working alone.

Question 39 asked for the best comparison to “Tree iotind as chimney is to: (a) smoke (b)
Brick (c) Sky (d) Garage (e) House”. The correct asw (e) “House” and those working in

teams averaged 16.7% a decrease of 12.4% from those wardiviglually.

Question 40 asked if the letters "MANGERY" are rearrangleat would one get (a) Ocean (b)
Country (c) State (d) City (e) Animal”. The answe(h¥ “Germany” selected by 66.7% of
learners working in groups. This was an improvement of 16 #7.3% of those working

alone.

Question 41 wanted to find out “Which one of the five istléks the other four? (a) Touch (b)
Taste (c) Hear (d) Smile (e) See”. The correctivengd) “Smile” was not like the rest because
the others are senses while smile is a facial expressaachosen by 55.4% of all learners.
Students working in groups averaged 50% an improvement of 110B%38.2% attained by

those working individually.

Question 42 tried to determine who was taller than theottetween Sipho who is taller than
Peter, and Bill is shorter than Sipho. The right ansmaes (d) which stated that it is impossible

to tell who is taller between Bill and Peter without earformation was selected by 100% of
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learners working in groups. This was an increase of 45.df 54.6% attained by learner

working individually.

Question 43 asked for identification of clothing item twas different from others (a) Stocking
(b) Dress (c) Shoe (d) Wallet (e) Hat. “Wallet” (d),snthe least like the others and was chosen

by 61.4% of learners. Participants working in teams sd®Betlo an improvement of 24.8%.

Question 44 compared the sequences of numbers to alglahbetters and coded CACAACAC
as 31311313. Students working in teams averaged 75% by seteetiogrect answer (d)
“31311313", an improvement of 5.8% over participants working alone wth&H.2%.

Question 45 asked if the letters "RAPIS" are rearranged mame would one get (a) Ocean (b)
Country (c) State (d) City (e) Animal”. The answe(d} “Paris” was selected by 66.7% of

learners in teams and this was an increase of 30.3%3Boffo who worked alone

Question 46 asked whether the statement "If some BifulBadtes and all Gloins are Bofurs,
then some Bifurs are definitely Gloins" is (a) True (bls€ar (c) Neither. The correct answer
(b) “False” was selected by 50% of learners working imggan improvement of 24.5%, from

25.5% of those working individually.

Question 47 wanted to find the best comparison to “Waterice as milk is to: (a) Honey, (b)
Cheese (c) Cereal (d) Coffee (e) Cookie”. The right answas (b) “Cheese” and that “Water
changes into ice and milk changes into cheese” wadeaeleyg 50% of learners working in
teams an increase of 11.8% from 38.2% of those working alone.

Question 48 asked “By what percent must the item be isede@ again sell the article at the
original price if it was earlier cut by 20%: (a) 15% (b) 208 25% (d) 30% (e) 40%".
Exactly 41.7% of those working in groups chose the corregtar(s) “25%”, compared to the

9.6% from those working alone. This was an increase of 32.6%.

Question 49 tried to ascertain, “Which one of the fivieast like the other four? (a) Bottle (b)
Cup (c) Tub (d) Funnel (e) Bowl". The answer was (d) “Fuhaglthe others hold liquids while
liquids pass through a funnel. The mean score for thasiegvn groups was 16.7% a decrease

of 19.7% from 36.4% for those working individually.

Question 50 asked how many cookies did Musa start with if edteng one and giving half the

remainder to her sister she ate another cookie and gawef hdiat was left to her brother she
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was left with five (a) 11 (b) 22 (c) 23 (d) 45 (e) 46. Only 88.&f team players correctly chose

(c) “23” an improvement of 13.3% from 20% of those working ofr then.

Question 51 tried to ascertain the difference betweealsn@hd non-metals (a) Copper (b) Iron
(c) Brass (d) Tin (e) Lead and 25% of learners workirmgy@aups gave the correct answers (c)
Brass which is a combination of two metals while the stlee simple metals. This was an

improvement of 14.1% from 10.9% attained by students working alone.

Question 52 asks which one of the five was least like ther dour if “Belt is to buckle as shoe
is to (a) Sock (b) Toe (c) Foot (d) Lace (e) Sole”. Eheect answer (d) “Lace” was chosen by
41.7% of learners working in teams an improvement of 23.5% T&2P6 for those working

alone.

Question 53 asked whether the statement "If all Warg$weeps and no Twerps are Gollums,
then no Gollums are definitely Wargs" is (a) True (Hg&ar (c) Neither. Again, (a) “True”
was the answer as the assumption can definitely be madedrs working in groups had 50%

while those working individually scored 23.7%, an improvemer2603%.

Question 54 asked for comparisons to be made by asking “Whiabf tmefive makes the best
comparison” to “Finger is to hand as leaf is to (a) TbedBranch (c) Blossom (d) Twig (e)
Bark”. There was an improvement of 22.4% with students wgrki groups getting a low
33.3% for selecting the right answer (d) “Twig”. A leasattached to a twig as a finger is
attached to a hand. Learners working alone got 10.9%.

Question 55 wanted to find out how many trips to the statdaln have to make to collect 9
cans of peaches if he could only carry 2 cans at a {agd (b) 4% (c) 5 (d) %2 (e) 6. The
correct answer was (c) chosen by 58.3% of students workigigpups an improvement of 31%

from 27.3% of those working alone.

Question 56 wanted to find out how many students competadiaifiias 13th highest and 13th
lowest in a spelling contest: (a) 13 (b) 25 (c) 26 (d) 27 (eJB&.correct answer (b) “25” was
chosen by 41.7% of team players. This increased by 34.4%eadh3% averaged by those

working alone. There were 12 students lower and 12 higher plassZ2b.

Question 57 tried to find out which one of the five was lékstthe other four? (a) Ham (b)

Liver (c) Salmon (d) Pork (e) Beef. The correct answes (c) “Salmon” a fish and others were
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meats. The score of 83.3% learners working in groups goawamprovement of 15.9% from

67.4% by those working alone.

Question 58 wanted to find out if the statement “If adldpls are Sloops and all Sloops are
Loopies, then all Fleeps are definitely Loopies” is (a) Th)d-alse or (c) Neither”. The correct
answer was (a) “True”. Those participants working imiggot 66.7% an improvement of

25.7% from 41% averaged by those working alone.

Question 59 deals with measurements and asked which onefiokth@) CM, (b) Kilometre,
(c) Acre, (d) Metre, (e) Millimetre is least like theher four. The right answer (c) “acre”
denoted area while others referred to distance. Leanweksng alone scored 85.6% which is

2.3% better than those working in teams with 83.3%.

Question 60 tried to discover which three coins Sipho redeifter a purchase from the
supermarket where he was given a change of R0.41 made up oinsiXajoCents, (b) Five
cents, (c) Ten cents, (d) Twenty cents (e) FiftytgeThe correct answer was (c) “Ten cents”
because 3 ten cents, 2 five cents, and 1 cent is the @dipf@solution. Learners working in

groups got 75% and those working alone averaged 31% an improvdridft.o

7.8.5.3. Communication Skills

In this section the communication skills were assessasdertain whether by playing in groups
and answering question in groups helped to improve Englisiciprey of learners. Learners
who played/Khoz in groups averaged 77.1% an increase of 38.7% from thospanticipated
individually with the mean of 38.4%.
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Figure 7.19: Results on skills to restructure sentences
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Structuring Sentences Assessment

This section was designed to measure the ability of leatmeesognize language that is
appropriate for standard written English. Learners workirgroups showed a great
improvement of 26.2% with the achievement of 83.3% from 57.1% préyiaokieved by
students working alone (Fig. 7.19).

For question 61, learners were asked to insert into bjzadega) “retards” in order to form a
sentence “Refrigerating meats retards the spread tdriz’c The correct answered was given
by 83.3% of learners working in groups, an improvement of 21.46% &1.9% for learners

working alone.

Question 62 needed learners to choose (b) to form a sefitémoaghout the animal kingdom,
‘only the whale is’ bigger than the elephant. The coraesiver was chosen by 91.7% of
participants working in groups. This was an improvement &%4or learners working alone

who averaged 56.8%.

For question 63 majority of students (58.3%) working in graljmse the correct answer (b)
which helped to construct the sentence, “The fact ‘tmatey orders can usually be easily
cashed has made them a popular form of payment”. Thismiagiaovement of 23% from
35.3% from students working alone. Again, 33.3% of those workiggaups selected the

wrong answer (c).

For question 64 learners were supposed to form the sentBneednstitution of South Africa
gives parliament ‘the power’ to pass laws”. All learnet®yparticipated in groups chose the
right answer (a) and this was an improvement of 25.5% froravubeage 74.5% for those

learners working alone.

Written Expressions Assessment

The following section, just like the previous section, wasgied to measure learners’ ability
to recognise language that is appropriate for standaremwEinglish. The mean score of 70.8%
attained by learners who playgéhoz in groups again saw a marked improvement of 35.9%

from 34.9% attained previously by learners from Buhlebemfund&imgpin groups (Fig. 7.20)
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Figure 7.20: Results on written expressions.

For question 65, learners were supposed to choose the @orsear (c) “with” as it was the
word which made the expression wrong. The mean of 83.3%dorers working in groups was

an improvement of 36% with students working alone averaging 47.3%.

For question 66 the correct answer was (a) “identificatsnt made the expression to be
wrong. Performance for all students working in groups &&%% an improvement of 28.5%
from 38.2% attained by learners working alone. A quarter (2Z8%pgrners working in groups

chose the wrong answer (b) “believed”.

For question 67 there was a huge improvement from 14.6% for studmkiag on their own
to 83.3% those working in groups, which is an improvement of 68_é¥ners could not

recognize that the word making the expression wrong wasi€fgient”.

For question 68, (c) “foot” was the word that made thé¢éesee to be incorrect as there was
inconsistency of numbers. Learners making 50% chosedbe @t answer (b) “its”. There was
not much difference between 41.7% for learners working iapgr@and 40.1% for those

working alone, who gave the correct answer.
For question 69, learners working in groups averaged 83.3% antstimose working alone by

45.1% as they had obtained the low mark of 38.2%. Almost 40@&&awfers pluralized the name
Mark Shuttleworth by choosing (d) “them” which made the exar# incorrect.
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For question 70, two thirds of learners (66.7%) working imieeealised that the correct
answer was (d) “more large” and was grammaticaltyirect. The improvement was 35.7%
from 31% achieved by students working individually. The resshiow that learners were able

to assist each other and determine if English expressimwed| written or not.

Reading Comprehension Assessment

In this section the assessment was on learners’ abiligatband understand short passages
similar in topic and style to those found in tertiarstitutions. Again the mean score of 63.4%
attained by learners working in groups is 30.4% higher thaB3¥epreviously averaged by
individuals from Buhlebemfundo (Fig. 7.21).

Reading Comprehension
® Individual @ Group

100

60 - —

40 - -

gl I8 I IO O

Q71 Q72 Q73 Q74 Q75 Q76 Q77 Q78 Q79 Q80

Mean Score in Percent

Questions

Figure 7.21: Results on reading comprehension.

Question 71 tried to ascertain if learners understood tleeotdhe passage and 100% of
learners working in groups selected the correct andwéKényan politics”. This was an

improvement of 38.1% for those working in teams from 61.9%wadents working alone.

Question 72 tried to determine what “the word ‘they’ in Iigeferred to and 100% of learners
working in teams choose the correct answer (c) “John iadé€3”, an improvement of 32.6%

as those working alone had 67.4%.

For question 73 only 58.3% of students had the correct arg\idréappealing” as it was
looking for the word closest in meaning to “charisma#od this was an improvement of

36.4%. The means was low at 21.9% for learners working indivydual
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Question 74 tried to discover what the two men enjoyed anahtheer was (a) “the buzz of the
city” achieved by 83.3% of students working in groups an impneve of 34.6% from 34.6%

for those working alone.

On the other hand, learners gave wrong answers wheréoqsastéeded to infer meaning from
the passage and a deeper level of thinking expected. QuésStasked which phrase had the
closest meaning to “bumming around” and the correct and)ésifting down and doing
nothing” was chosen by 58.3% of the learners working in group23a7% of those working
alone. This was an improvement of 34.6%. Here 25% of learnekangon groups chose the
wrong answer (a) “running from place to place” even thohglpaissage stated that the two had

lost their jobs and were no longer doing anything.

Question 76 asked learners to choose the statement whahttiee mentioned as not important
in order to change society. There was a huge differenég.b% between students working in
groups who averaged 83.3% and those working alone who had 18.2%orfdwt answer was

(b) “fast talking politicians”.

Question 77 asked students what John and Charles joinegaséege explicitly stated that
they joined (d) “one of the opposition parties” and only 27.8%iwalents working alone
selected the correct answer compared to 75% of thosengarkgroups, an improvement of
47.7%.

Question 78 asked which phrase meant change brought aboutdsglitiaay people and only
21.9% of learners working individually gave the correct angaje‘change taking place from
grassroots level upward” compared to 75% of those workitgpims, an improvement of
53.1%.

Question 79 asked which phrase had the closest meaningsootw the door” and the correct
answer (a) “leaving” was chosen by 25.5% of students wgr&ione Learners working in
groups attained 58.3% and improvement of 32.8%. A Quarter adiparts (25%) chose the

incorrect answer (b) “kicking out the door”.

Question 80 wanted learners to point in the passage wistr@wved that the bus had problems,
and 91.7% of all learners working in groups chose the darewer (c) “line 31" which states
that the bus had a flat tyre. This was an improveme&7 df% from 34.6% chosen by those

working alone.
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Visually comparing participant skills using the Persona Ouatiifflodel it is obvious that those
participants who played in teams out-persofmed those whe e part of a group (Fig. 7.22).
However, both groups lack folding (2D to 3D visualisation) amcheric skills. Cooperation and

game play appeared to influence 2D and 3D visualisatiadjrmg and writing skills.

—[ Persona ]

> Literacy
»O Visual
—>0O 2D Visualization ERERCCOO0000 mEaEEEmcood
—>0O 3D Visualization HEREREERCC0O00 mMEEEEEmct
—>0 2D to 3D VisualizationHERERC10C0 WEEERRCOCOCOO0OO
—>O Logic HEREREERCCO00 mEEEEmcood
—>0 Mathematical ERERERCCO0000 mEEEmccood
» Communication
—>0O Reading ERERCCOO0000 mEaEEEmcood
—>O Writing ERERERCCO000 mMEaEEEEmct
> Properties
—>[] Age 16-19
—>[] Sex male: 40, flemalke: @D male: 47.1%:; female: 52.9%
—>] Occupation Studen
—>[] Education Grade 12 Schota

Figure 7.22: Comparison of skills of student working on their (@aillumn 1 n=51) and those

working in groups (n=55) shown using the Persona Outlining Model.

7.8.6. Reflection and Discussion

The findings of this part of the study illustrate thiéhozi, a game developed on modern
educational principles (GOM) and played by groups of leamlecswere encouraged to discuss
their problems and game-play, appeared to effectively eatsindent performance and
promoted their learning skills. Through the researcheré&agtion and observation of the
learners during game play, the importance of a fattitaas highlighted. These games need
subject specialist such as teachers, who should actilitatiacs, to provide guidance and clarity
during play as learners’ knowledge is enriched. Learning desiggsas games, therefore, do
not replace the role of teachers but realign it to meethhllenges of a new form of a teacher
who is no longer a source of all knowledge but some one who recotiresesalth of

knowledge learners bring with them to school (Seagram, 2004). @8€4) asserts, “Simply
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putting children into groups does not generate co-operataveihg. ...Significant teacher
support is necessary if 'games in classrooms' is goingu@lble - in the areas of using the
game paradigm, and in using and managing the technology'toléhef teachers within this
social constructivist paradigm needs to be changed to tlhafaoflitator and not of the source
of all knowledge. During game play the learners encounterddgons which could only be

solved with some assistance from the facilitator witlgiuhg them the answers.

This finding support the ideas of Vygotsky (1978) where he wrattethie zone of proximal
development is “the distance between the actual developn®rgbas determined by
independent problem solving and the level of de-development amdetd through problem

solving under adult guidance or in collaboration with magable peers”.

Since its inception in 2001 GOM, a conceptual model which aoesbyame design and
educational theory (2001), has gone through many changesatésedhange was the addition
by Seagram (2004) to the Problems component of two conctettaces ofContent and
Interface design. This research proposes to include another concretéareethat ofSocial
dialogue, to the Problems component. It was through engaging¥itbz that players were
able to work in groups and througtcial dialogue, they were able to solve the problems
presented during game-play and the skills evaluation inshtur@ach environments appear to
offer learners who might struggle in the traditional leagrenvironments a unique opportunity
to engage with other learners. Therefore, the GOM neells éxtended through the pertinent
inclusion of collaborative environment, which facilitates eélier increasingly important aspect

of social dialogue.

The idea that technology mediated learning can improve pafarenf administered carefully

is supported by, among others, Zhang and P2@B3), who used multimedia tools in their
research and found that there was a significantrdifige between learners working in groups
and those working alone. They also reported that leaapgreciated and enjoyed collaborative
learning as long as they felt that their ability to comioate was unhindered by technology.
Breuleux and Silva (1994) discovered that students accept tegiirvahen it is introduced in a
more participatory manner. In addition, interactions ameundesits have proven to produce

positive learning outcomes (Brovehal., 1986).
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Figure 7.23: Representation of the revised GOM which dedihe Content interface and Interface

design as promulgated by Seagram (2004) and thé&oewl dialogue interface.

While playingyKhoz participants were able to set their own pace, makekeast seek clarity
from their peers, deal with group conflict, make decision, dthdste decision and revisit them
as many times as they liked. Bowman (1994) argues thatdred schools do not
accommodate the different ways, beliefs, cultural expressidmorms of the poor and of the
minority groups and states that this hinders progress bfguoaps and limits the ability of
teachers to educate them. The results clearly highlightihertance of embracing cultural and
social interaction as these assist in enhancing peaforenof learners even of those who come

from the disadvantaged backgrounds.

PlayingyKhoz in groups significantly improved communication skills (77.1%suer38.4%,

Wilcox Signed-Rank test p < 0.001, Significance Test Z=-8.063)adih participants were
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mainly isiZulu speakers who struggled with spoken Englishinferesting observation made
regarding the way communication took place between leamharsg play and when answering
the questionnaires, was that most expressed themselvegm@anhed things by using a mixture
of English and Zulu. This supports the idea that this tffpscourse embraces the learners’
cultural ways of interrogating and solving practical proble@arney (1999) found that
because traditional school structures in Australia weralletto cater for a multicultural
society, teachers struggled daily with how to acknowledgéaiid on the languages and
cultural diversity of their classrooms. Within the conteix8outh Africa, the problem of an
education system not taking cognisance of its multiculemaironment is highlighted by Webb
(2002) who advocates the use of African languages as one ahthefes of instruction in
schools. Webb argues that in a multicultural society lixgtls Africa the English language
proficiency required for effective educational developmengeiserally not present and difficult
to acquire among black learners given the sociolinguistitexbof South Africa. Puro and
Bloome (1987) suggest that the importance of communicatiostiruation is often overlooked

although it had powerful effects on what children learscimool.

With regard to the visualisation skills, students workingrioups had the mean score of 60.8%
an improvement of 14.1% from that of 46.7% for those learnersingpalone. In order to

verify the results, the Wilcox Signed-Rank test, which dstewt differences in the distributions
of two related variables, was chosen because of th# size of one of the samples. The Sign
Test gave a small significance difference of p < 0.001, wkiggests that performance for the
two groups was different. This also confirms that leesplaying/Khoz in groups

outperformed those working alone with a difference of7Z819. It is argued that visual
representations are useful to students with non-traditieaatihg styles and that students learn

best when information is provided in their preferred leaymstyle (Riding and Grimley, 1999).

The results on numeracy show that after playldgozi and working in groups learners
performed better in mathematical skills by attainedasesof 55.8% compared to 30.9%
achieved by those who did not participate in the gameWilmx Signed-Rank test gave a
significance difference of p < 0.001 indicating that perfmoe by the two groups was
statistically different. The Sign Test results of Z8@! was in favour of learners working in
groups. The problem of learners with lack of numericdlssétibes not only exist in South
Africa but it is a global phenomenon. Bowman (1994) found thiieirUnited States of
America, the African-Americans and students from lowaseconomic backgrounds do not
have skills to participate in the social and economiclfifineir country as they constantly

perform below the national average in mathematics andidayegskills. However, Moore
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(2002) who carried out a research at the University of @ati concluded that African-
American male learners, who were the lowest performarsathematics, found that working

together in groups helped to improve their academic perfa®enan

7.9. CONCLUSION

The objectives of this part of the study were to investitfe@eise of educational tools to
address specific learning objectives in urban and sepairuareas. Amory (2001) argued that
solving puzzles while playing educational games could plagnpartant role in learning.
However, participants in this study did not develop a batiderstanding of photosynthesis and
respiration when they playethdarh, an educational game specifically designed to challenge
specific misconception related to photosynthesis and respirétareful examination of this
finding suggested that while participants appeared to advammegththe game, they were not
solving the problems themselves but reverted to the predonmuai@ of learning (rote). Also,

it was not clear if the use of an English-language tesument did not negatively impact on
the performance of those participants whose home language wasgtist. To test these
suppositions, participants play2ddarh in groups where they were encouraged to discuss their
problems during game-play and some of them also were alltmeesk for explanations to
questions in the test instrument they did not understand/tR&®»m this part of the study
strongly support the argument that learning is a sociaftgcand only through dialogue can

misconceptions be overcome (Vygotsky, 1978).

A number of skills are required in order to gain asd¢esand to succeed at tertiary education
qualifications. After evaluating the different learning Iskih Chapter 3, it was found that many
semi-rural participants were poorly prepared to entéatgreducation as they lacked the
necessary skills. However, educational games were gmahknd used which tried to improve
some of the basic skills such as literacy and commuaitatd cognitive skills, in order to
answer the question whether the use of games based on souatibedliconcepts and theories
be used in developing a number of skills? In order tawvanghis question an investigation was
carried out where participants played in groups an educhtiduanture game, yKhozi,
developed to teach players about diseases including Cautoerculosis, malaria and
HIV/AIDS. They learned about these diseases while theg weproving the aforementioned
skills. The results presented in this chapter clelustrated that play8ing games was not only
entertaining but also participants managed to improve theirlkdge regarding the diseases
but also and most importantly, their literacy and commatiga skills improved. Therefore, the
study revealed that properly designed microworld gamesreeffective way of teaching and

learning and can be used to develop cognitive and many otHsr skil
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CHAPTER 8
CONCLUSION AND RECOMMENDATIONS

8.1. CONCLUSIONS

Nearly 12 years after the new South African democratfedisation the social and economic
dynamics have not changed much with most Black Soutlegkfsi still attending schools in the
townships, rural and semi-rural areas where the educdfemed appears not to have changed
to any extent. Learners are still underprepared for iageducation and for the labour market.
The results presented here clearly indicate that thefumetable learning games, especially
those based on appropriate learning theories, are most anptwithe learners who come from

the rural and urban communities.

While the hype about the effectiveness of virtual learningrenmients, which include
computer games, is well articulated in many academic papet journals, many such
environments are neither based on any proven theoretical underginoingn research
findings. Developing interactive games li#€hoz is a challenge to educationists who try to
discover new ways of solving educational problems suchoas flaced on a daily basis by the
majority of learners in South Africa, who are educatilgnaocially and economically
disadvantaged and are often products of instructivist metifadaching. Research presented
here makes use of interactive games grounded in apprdpaateng theories and design
principles to solve particular learning problems associattddevelopmental problems found

within the South African educational system.

Many problems in South Africa appear to be a direct redulie educational system (past and
present) which do not address the needs and the aspirdttbesp@ople. The educational
systems have affected people’s social life, their agrpotential and their learning ways. In
2005, the educational system does not provide learners with eegmiil critical skills to be
competent members of tertiary education. The governmentisavours to provide education
that empowers learners to be future players in the economyted®e in vain with little
improvement in learners’ skills. Again, in 2005, a high sclgoatiuate is no better off than in
1994 at attainment of the democratic status. Today, evidém society are problems of lack
of skilled labour, of a widening gap between those who aleatfand their poor counterparts
and of a good education for those affluent Blacksraapbrity of Whites, to the exclusion of the
majority of the disadvantaged groups. Schools in townsingsemi-urban areas and
previously Blacks-only universities still provide incomparaecation to that of their

counterparts from the previously Whites-only tertiary tosons.
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The use of the Persona Outlining Model (POM), which usesia¢al to measure skills a typical
South African learner brings to tertiary schools indithé this learner arrives at the university
for the first time with little literacy and communiaat skills, insufficient to assist them to cope
with the demands of their new academic life. The study IeWeat most learners lack literacy
(visualisation, logical, and numerical) and communicatieading and writing) skills. The
township and semi-rural schools and previously black-only uniiesrgroduce and admit,
respectively, learners who lack necessary skills foiatg learning. Thus, performance is

directly related to race, language of instruction and ecanstatus of the individual.

A Persona quantified according to the POM indicates thgiieal South African learner needs
to improve their mathematical, 2-D visualisation, 2-D to 8idalisation, logical and reading
skills. It appears that rural and township community sehdolnot equip learners with literacy

and communication skills necessary to participate fullyoiciety

The findings show that performance in the classroom éstliyrrelated to at least: (i) race, (ii)
socio-economic status, and (iii) parents’ education&lstdn the context of South Africa race
and socio-economic status are directly attributable to thehepdpast,, consequently Black
learners who are mainly from low socio-economic environmenigisioips and rural and semi-
rural areas, performed poorly while their White countéspaho are generally from a higher
economic bracket and their rich Black peers performeddigmction. Learners from affluent
backgrounds, black or white, perform better than those winedrom poor black or white
households. Indications are that affluence is also dirpo8itively related to educational
achievement, that is, literacy and communications stéiselop with the increase in social and

economic affluence of the people.

The educational level of parents has a direct effeth@performance of learners, with the gap
widening as the parents’ level of education increases. tlilg discovered that students who
come from families with low levels of education do not perfas well as those who originate
from families with at least one of the parents havingri@aty education. Again, most Black
learners have poor literacy and communication resuliseyscome from families where none

of the parents had a high school certificate

The study found that home language and performance areydnedated with the English
language speakers performing better than isiZulu speakalislie different skills categories.
The literacy and communication skills are also reltwdatie home language, with learners

whose home language is not English perform worse than tHasspeak the language more
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regularly. This research found that the South Africarcation system favours more the white
learners and those affluent Blacks who schooled in thegoidly Whites only schools. This
means that the socio-economic status of the majorityashérs from the rural and township
community school is less likely to improve as most of theamkrs lack the basic skills to get

university entrance.

Another important aspect of the South African educatystesns (past and present) is that,
although in terms of performance there is a conspicuamial gap influenced by language and
economics status among others, there is no indication of adgigdifference on performance.
The research found that gender plays little role in thimpeance of learners. Although, male
learners performed slightly better than their femakr e both the literacy and
communication, the results were not statistically diffieraeaning that gender and performance

are not related.

The findings reveal that township and rural schools do notgedearners with good
visualisation skills. These learners are only competes¢adwith 3D visualisation skills while
they are not skilled to work with 2D objects and to rpalste and change 2D to 3D objects. In

general, the results also demonstrated that the skills lexeee the same for the two genders.

Regarding the logical skills and numeraical skills,rémilts indicate that products of South
African community schools enter tertiary schools witinimal proficiency on these skills. The
learners from the community schools lack the mathematidéd, skhich are demonstrated to be

directly related to the logical skills.

Most learners who graduate from schools are not ableitolate themselves well in English,
they are, however, better off in reading than in writiflge results show that learners could not
determine if sentences are structurally well written ugisignified the learners’ inability to

communicate in English by the time they reach tertiarglle

Although, most learners could play the game they lackedatpeitive skills to relate the
guestions to the game played. This means that moselsaare not able to explain the concepts
and confuse the relationship between photosynthesis grichies and times of their

occurrence.

Once the levels of literacy and communication were detexanithe two microworlds games

Zadarh andyKhoz were also used to confirm that what Rieber (1996) sthtgdnteractive
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games could enhance learning and develop cognitive skills ancatrati In addition, the
study intended to contribute meaningfully to the developmfahieory in teaching and

learning.

After learners from the community schools had played Zadlaehesults indicate that there
were still some problems. A study initiated by Adams (1968hd that learners confused the
relationship between photosynthesis and respiration amgldered these processes to be
opposites. Adams’ study was revisited with the intentibascertaining the effect if learners
used a more interactive game tlZadarh to study the same phenomena. When learners played
Zadarh alone it was found that after long hours playing the nitgjof them still harboured
misconceptions relating to photosynthesis and respiratias.ifidicates that misconceptions
are not overcome by simply playing an educational game desigtteconstructivist notions in
mind as learners inadvertently tended to revert to theitopnaant mode of learning, which is
rote, and they played from memory. It was observed thatearning took precedent as
learners always tried to retrace their steps to rpasttions they previously reached in their
previous play without much thinking and they are not be able taiexXpow they reached their
answers. Learner using rote learning tended to confuse eheotveepts as they also confusing
the rooms within the game because of not reading and beinyafisenough, hence not

realising where they were in the game.

The second round of game playing where learners workeaupgmwas initiated. Learners
playedZadarh in groups and their improved results indicated that leapeferm better when
playing in groups compared to those who worked individually fESults uncovered that
cooperation between people with a common goal yieldsrlvettelts than individualism. Even
the results of learners who are generally poor performgsoived once they worked
collaboratively. The findings indicate that well designed atlwvergames used collaboratively

are effective learning tools.

After playing theZadarh in groups the results showed drastic improvement, howewse th
learners who worked in groups and took oral tests perfoewen better than those who took
the written paper. This proved that by understanding welt 8h@&quired enhances
performance. This finding supports the importance of di@@md the sharing of ideas and
experiences in an educational setting. Although, leamerising in groups still harboured
certain misconceptions, the results of those taking tHeestavere even better than those doing
the written test which suggests that some learners didnulgrstand the test instrument and that

the understanding of written language can influence outcomest is meant is that by
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playing games while interacting with other learners impadie proficiency of learners on the

topic presented to them.

In a group learning environment where problems were disclesetbrs were able to overcome
their misconceptions. The results demonstrate that fortieédearning to take place students
have to engage in a social constructivism which fostetsdgmosolving and prevents students
using their preferred learning style of rote learning. THigdpgue is paramount in learning as

without it learning is curtailed. This again proves thatréng is both a social.

A follow up study was carried out wheri€hoz, an adventure game developed on modern
educational principles (GOM), was effective in enhanctodent performance and promoted
learning skills when players were able to work in groupsusedsocial dialogue to solve the
problems presented during game-play and the skills evaluaobnment. The success of
yKhoz stems from its inclusion of dialogue and interaction, eoaiion and assistance from
others, including the researchgkhoz was successful in incorporating the main pillars of OBE
attributes, namely that: (i) All students have diffensays of learning and can successfully
learn not on the same day or same time. The game alleawters to play it at their own time
when computers were free; (ii) Successful learning proneste:s more successful learning, i.e.
where learners who grasped the concepts study quicker wertgdalss on the new found
knowledge to their peersp; and (iii) Schools have to libert#iiseonditions of learning so that
both learners and teachers can contribute meaningfullyctessful learning. All these

contributed to better outcomes of this part of the study.

The play ofyKhoz allowed learners from diverse backgrounds to come togetidesadve
problems through teamwork and dialogue. It must be staa¢dlthoughyKhoz portal

provided players with knowledge related to viruses and bactdN@AIDS, and Cancer and
tuberculosis, other important skills (visualization, commatidn) were learned through solving
of puzzles. The initial results, based on the POM, inditetelearner skills are inadequate for
studying at tertiary level but after playing yKhozi the POBtinment results suggests that
participants, who play as a member of a team, had redsdenumber of skills not directly
related to the game challenges themselves.yRhezi environment provides a social space for
cross-cultural interactions, where all ideas are congidergortant, irrespective of their point
of origin. Thus, playingKhoz also permitted the players to gain some insights into the
educational content (diseases) that they thought wasadatgogind motivating while improving

their literacy and communication skills.



The research, therefore, extended the Problems compone@ivbib§ introducing the concept
of Social Dialogue. It was the discovery of this research that workmgeams will yield some
improvements, however, huge improvement is certain if dialegthe central part of
teamwork. In an endeavour to achieve the common understandiogoaipts through working
in teams, learners who might have struggled had the oppgrtomuery other learners and
verbalise their opinions. It is through interacting witlsreather that dialogue can be promoted
and meaningful contribution is made to learning. Becausiseatentrality of dialogue to social
constructivist learning methods, students working in tearf®pned better than those working
individually. This led to the finding that computer gamesedfective learning tools if designed
to promote and inculcate social interactions and dialagueng learners and between learners

and teachers.

The use of adventure games, suckkd®oz allow learners to form their own communities of
learners, through social networks, to come together aind &r a common goal. The benefits
for these social networks were the improved results. Téverghere is a need for change in the
educational system enough to discourage rote learningpgmdmote social networks and
social constructivist learning methods. Games sugibszi are a good example of such

learning methods in practice.

It is interesting to note that the educational implmatighlighted by Vygotsky (1978) that
include the interaction between learning and development (@dPeximal Development), the
role of play in development (“Though the play-developmelationship can be compared to the
instruction-development, play provides a much wider backgroomchfinges in needs and
consciousness”) and the need for written language (“asih obsnastery of written language
and the ability to read — and of thus becoming aware of#weg that human genius has
created”) are just as pertinent today as they were n@angars ago. Thus, the new art form of
digital games, conceived as adventure, can play an iengadle in education if they support
cooperation between players, peers and mentors, altosxdoration through play and support

the development of reading and writing skills.

The role of teachers needs to be emphasised as witisuptoper guidance learning becomes
handicapped. The results improved where guidance was prowbether in the form of
interpretation of the questions in the oral tests orijugtieryieng learners who became puzzled
while playing the game or even by mere suggestion of how pduogrie might tackle the
problem encountered. The improvement supports Vygotsky's (1978) findimgsuggested

that learning environments should involve guided interactiamigeng children to reflect on
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inconsistency and to change their conceptions not only thiBiagjet's intelligent action but
also through speech and communication. This is what Vygotsiant when talking about the
concept of a learning environment consisting not only of childrdresrning material and

processes, but children, learning material and inteeactmmunication.

The study reveals that learners from the disadvantaged aoitieaican benefit a great deal
from properly designed adventure games that accommodateutianal differences,
experiences and languages while promoting dialogue. Dialogds tebe a central feature of
such games because without it, as the study has indidaeeel i very little improvement in the

skills development.

There is a need to introduce this type of games to eoritynschools learners, who are by their
nature disadvantaged. The games can assist them to oedtegimunderpreparedness status by
improving their cognitive abilities and literacy and communicaskifis, through solving of
puzzles and talking to their mates. These games cou$d Essners to continue with their
studies even in the absence of teachers, and dependingra¥efign, learners could post their

gueries at any time or have them ready for their nextingeeith their teacher or their peers.

In conclusion, it is important to note the two major fimgh. Not all games can be effectively
used in learning for the enhancement of learners’ skitlsather general performance as even
properly designed games cannot enhance learning effectitbbrd is not sufficient provision
of guidance to learners from teachers and a social envirinsneot created where learners
could work together in teams or groups so that theyezan together and from each other. The
research established that learning is a social actieipendent on dialogue. Therefore, the
findings of this research are that the major cornerstdrieaming are teamwork arsdcial

dialogue and it is through them that the learning goals arenatia

8.2. STUDY WEAKENESSES

In the study, a number of problems were encountered viéghhave influenced the study and

include:

(1) The lack, or different level of, computer literacy. Véhihe two games used in this study
require only mouse action to navigate successfully throughirtio@l games
environments, groups varied in their computer skills and tfe@te understanding of the
game environments. Participants, especially those froaavistaged schools,
consequently spent the initial contact sessions leatainge a mouse and learning game

navigation metaphors.
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(2)

()

(4)

Access to suitable computer technology. Most of the schodslgaropriate computers
to run the game software. Consequently, participants wansported to UKZN and
therefore participants had limited access to the legn@sources. In addition, in one
case the teacher associated with one group, while wishiparticipate in the project,
attempted to exert control over the research procesestisted the participates to be
transported to UKZN to overcome this problem

Use of outdated pedagogical practices in schools. It apfesrdespite the introduction
of the Curriculum 2005 and Outcome Based Education, mosklsagxpect to be told
what to do and are therefore more likely to undertakes ask to complete them without
sufficient exploration or understanding

Need for sustained and longitudinal studies. One of the roogtlex research problems
associated with the influence of appropriate learnimgegaon education processes and
outcomes is the requirement of sustained interaction witktipants over a long period
of time that is often difficult to manage and conflicishwelassroom demands. Also, the
use of instruction as the predominant educational pedagoggriy schools, especially
those in disadvantaged areas, negates the introductionholiesiining tools as games

without apt staff development in the use of such tools icldssroom.

8.3. RECOMMENDATIONS

The level of students’ under-preparedness to study at yeeiagls appears to suggest that the

educational system has not yet considered the cultucad| smd economical conditions of the

majority of South Africans learners. Therefore, thera need for:

(1)

(2)

A new approach to primary and high school curriculum. Thiddnag inclusive and
enhance visualisation, logical, numerical and communicakitla. &~or example, it is
established here that visualisation skills, such as pattatching or transforming 2D
planes to 3D objects are related to logical skills, tmeduding them in the curriculum can

have a positive effect on learners’ cognitive abilities.

The introduction of a social constructivist curriculumrided on dialogue, collaboration,
and acceptance and tolerance of cultural differenoes ntultiracial society, embracing
these differences is of vital importance. This is beedor learners to overcome their
deficiencies they need an educational environment which accambesoebch learner as

unigue individual who has something to offer to others dlsaseeceiving from them.
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()

(4)

()

(6)

(7)

An educational system that promotes the development @flsapital through the
inclusion of interaction, participation and dialogue. Titainment of this is through the

building of networks of learners who will work together foe benefit of all.

There is a need for the development of appropriate langudige lsknguage was found to
be one of the major contributing factors to the problem of pneparedness when learners
are forced to study in a foreign language. It is theegfioecessary for curriculum
developers to emphasis the need for proficiency in thadbnighguage from the early
stages of learning as this contributes to the developnietiier skills such as logic and

visualisation.

Investing in networked computers (connected to the Internetblapbsupporting
asynchronous and synchronous teaching and learning. Agaimduegof information
available on the Internet compels institutions to ingad| technology on their campuses as
a matter of urgency. The Internet opens up spaces fal saqiital to occur, where learners
from across the globe can come together, form their neswaor@® share their experiences in

order to attain a common goal.

Introducing full multimedia games suchjdhoz, based on social constructivist principles,
allowing collaboration and development of social networkeragriearners as appropriate
learning tools. The government and schools need to understaeditication is a
partnership between many people, who might have diffegegdas but who still need to
work together. Consequently, there is a need to introgaes likeKhoz, which could

provide asynchronous and synchronous dialogue in the learnimgrameint.

Research on the use of ICT and games in the classrabim @wiSouth African context in
order to foster an understanding of social constructivisns. dduld provide answers to
whether the sharing of the social space created by threéhtuld yield the same results
as those learners who share the same computers andeate @bl face-to-face

discussion.

While computer games are the digital realization of telitogies in a different way where

computer technologies can be used to create virtual wodsntegrate communication devices,

it is the learning theories that should inform educatipractices. These theories assist

instructional designers, some of whom might not be educatarspmut the exact path for

designing and developing these games whilst ensuring tlyaknbev what are the expected

outcomes of each game. It is the conclusion of this rdséaatsocial dialogue andsocial

interaction are important aspects of education and need to be imetepan the curriculum.
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ANNEX 1
PART 1

Please answer all the questions below accurately and do ne&ve any question unanswered.
Directions: For Part 1 use spaces provided in this question papand place your answers in the boxes
associated with the questions. Where a cross is needrgitipéd gross in the empty box following the
answer you deem correct or the most approximate.

Example (a) Who is the president of South Africa?

Answer: is T. Mbeki i -
Therefore cross in the box after Mbeki’'s name.  Clinton Mbeki X

N.B. For Part 2 up to Part 8 use the ANSWER SHEETS provided by filling the spacdbaothe

correct letters cannot be read.
Sample Answer

For example, where the answer is B fill the spaceitfikbis sample answer. O RORD

Please answer questions below
(where necessary put a cross in the empty box followiagmnswer you think is correct)

1. State your sex Female Male

2. How many languages do you speak?

3. What is your home (first) language?

4. Which other languages do you speak?

5. How well do you speak these languages? (Please writantpeage in the appropriate column, For
example, | can speak Sesotho fluently — Sesotho is thensfdten under “Speak Fluently”)

Speak Fluently Speaks it well Cannot speak it well Calenstandut
cannot speak it

e.g. | Sesotho

1.

2.

3.

4.

5.

6. How many brothers and sisters do you have?




7. How many of your brothers and sisters are at schoo}?

8. How many of your brothers and sisters are at tertidrgais?

9. Do your parents/guardians support other people other therdirect

family?

10. Approximately how much is your household income per anndow(much do you think is the

combined salary of your family members).

Yes

No

Less than R15, 00( R15, 000 — 50,000 R50, 000 — 80,p00 R80, 000 & [abope
11. What is the highest level of education reached by mesrddeyour family?
Below Std 8/ Std 10/ Technikon University
MOTHER/GUARDIAN grade 10 Grade 12
. Below Std 8/ Std 10/ Technikon University
Father/Guardian grade 10 Grade 12
Sibling 1 Below Std 8/ Std 10/ Technikon University
grade 10 Grade 12
Sibling 2 Below Std 8/ Std 10/ Technikon University
grade 10 Grade 12
Sibling 3 Below Std 8/ Std 10/ Technikon University
grade 10 Grade 12
Sibling 4 Below Std 8/ Std 10/ Technikon University
grade 10 Grade 12
Sibling 5 Below Std 8/ Std 10/ Technikon University
grade 10 Grade 12

WHICH OF THE FOLLOWING ITEMS DO YOU HAVE AT HOME?

Electricity

Running water

Car

Fridge

Microwave

TV

Cell phone

Phone Telkom

Computer

Laptop

Internet connection
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PART 2
These are exercises in finding rearranged figures. thmtkttered figure which is made up of
the same pieces as the numbered figure. Below is anmpéxa

bk,

|

(1) Kooy ool & . o E

The correct answer is A since it is made up of the gaetes; 2 long pieces and 1 smaller
piece. Therefore, cross out the letter A on the ansvest stext to question (i).

Answer the following:

N - )

% a4 B " c __® __E

2 }
alNvEP=NES

SRR N N X
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PART 3
Each page of the test is divided into two by a heavy biaekAbove the line there are five
different sets of blocks, lettered A,B,C,D and E. Betbherline are different sets of blocks, but
viewed from other angles. The drawings below the line @&t questions. Study each
guestion carefully and decide which one of the five drasvatgpve the line, is a drawing of the
same set of blocks. There is only one correct answeantir guestion.

Question (ii) below is an example. B is a drawing ofséime set of blocks but viewed from
another angle. Therefore, cross out letter B on theamsireet next to number (ii).

Answer from question no. 10 to no. 23

a b o
4 i
e m——— e e § FUTSE ST
E.G.
=
(i) i o
12 13 14
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PART 4
These are exercises in finding objects made from pmoeetal or cardboard. In the example
below, on the left is a drawing which represents a fatepof metal. The dotted lines indicate
where the metal is to be bent. On the right are dravoh@sur objects. In each exercise, only
one object can be made by bending the metal piece. Therieftine,example (iii) cross out A
on the answer sheet next to number (iii).

For example (iii)

RITET
Do the following;
P
L
H
1
1
:
‘“-__,,-r';
=4 A =1 C D
n-
(R “ B o =]
o l i
44 A B = o]
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Part 5

This test has been carefully designed to measure yoity abithink and reason.

READ THESE INSTRUCTIONS FIRST
A. INSTRUCTIONS

1. Answer all questions.If you do not know the answer - guess. Do not leayegqaestions

unanswered.

2. If a question seems to have more than one answeraorrect answer at all, pick what you
consider to be the best of the choices given. Theséioueare purposely designed to test your

ability to think and reason.

3. Always indicate the correct answer.

B. SAMPLE QUESTIONS

Carefully study the following sample questions before begmtiie test.

In some questions you will be asked to make a compariso
Example: Which one of the five makes the best compaPiso
Boat is to water as airplane is to:

(a) SUN (b) GROUND (c) WATER (d) SKY )(EREE

The answer is sky. A boat travels through water. This gabe compared to an airplane which
travels through the sky.

In some questions, you will be given a group of five thikgswr of them will have something in
common; they will be similar in some way. You will &sked to choose the one which is not
similar to the other four.

Example: Which one of the five is least like the ottoerr?

(a) DOG (b) CAR (c)CAT (d)BIRD (e) HS

The answer is car. The others are all living animals. &ar is not alive.

There will also be some problems which you will be dsicesolve. These will not require any
difficult math. Instead, they will be testing how logligou are - that is, how well do you think.



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

QUESTIONS

Which one of the five is least like the other four?
(@) BEAR (b) SNAKE (c) COW (d) DOG (e) TIGER

If you rearrange the letters "BARBIT", you would have nene of a:
(a) OCEAN (b) COUNTRY (c) PROVINCE (d) CITYe) ANIMAL

Which one of the five is least like the other four?
(@) POTATO (b) WHEAT (c) APPLE (d) CARROT )®EAN

Salim, twelve years old, is three times as old adtuther. How old will Salim be when he
is twice as old as his brother?
(@15 (b)16 (c)18 (d)20 (e)21

Which one of the five makes the best comparison?
Brother is to sister as niece is to:
(@) MOTHER (b) DAUGHTER (c) AUNT (d) UNCLE el NEPHEW

Which one of the five makes the best comparison?
Milk is to glass as letter is to:
(@) STAMP (b) PEN (c) ENVELOPE (d) BOOK (@AIL

Which one of the five choices makes the best comparison?
LIVE is to EVIL as 5232 is to:
(@) 2523 (b) 3252 (c) 2325 (d) 3225 (e) 5223

"If some Smaugs are Thors and some Thors are Thragrssome Smaugs are definitely
Thrains."
This statement is: (a) TRUE (b) FALSE (c) NEITRIE

Which one of the five makes the best comparison?
Tree is to ground as chimney is to:
(&) SMOKE (b) BRICK (c) SKY (d) GARAGE (e)QUSE

If you rearrange the letters "MANGERY", you would have thma of a:
(a) OCEAN (b) COUNTRY (c) PROVINCE (d) CITYe) ANIMAL

Which one of the five is least like the other four?
(@) TOUCH (b) TASTE (c) HEAR (d) SMILE (eE&

Sipho is taller than Peter, and Bill is shorter thgah&

Which of the following statements would be most acc@rate
(a) Bill is taller than Peter.

(b) Bill is shorter than Peter.

(c) Billis as tall as Peter.

(d) It is impossible to tell whether Bill or Petertadler.
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43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Which one the five is least like the other four?
(@) STOCKING (b) DRESS (c) SHOE (d) WALLETe) HAT

Which one of the five makes the best comparison?
CAACCAC is to 3113313 as CACAACAC is to:
(a) 13133131 (b) 13133313 (c) 31311131 (d) 31311313 (e) 31313113

If you rearrange the letters "RAPIS", you would have thraenaf a:
(a) OCEAN (b) COUNTRY (c) PROVINCE (d) CITY)(ANIMAL

"If some Bifurs are Bofurs and all Gloins are Bofurgnisome Bifurs are definitely
Gloins."
This statement is: (2) TRUE (b) FALSE (c) NEITRIE

Which one of the five makes the best comparison? Wateiide s milk is to:
(a) HONEY (b) CHEESE (c) CEREAL (d) COFFEE) COOKIE

The price of an article was cut 20% for a sale. By wleatent must the item be increased
to again sell the article at the original price?
(@) 15% (b) 20% (c) 25% (d) 30% (e) 40%

Which one of the five is least like the other four?
(@) BOTTLE (b) CUP (c) TUB (d) FUNNEL (e) BaL

Musa had a number of cookies. After eating one, she gavthbalmainder to her sister.
After eating another cookie, she gave half of what wasdédier brother. Musa now had
only five cookies left. How many cookies did she start with?

(@11 (b)22 (c)23 (d)45 (e) 46

Which one of the five is least like the other four?
(@) COPPER (b) IRON (c) BRASS (d) TIN (e)AE

Which one of the five makes the best comparison?
Belt is to buckle as shoe is to:
(@) SOCK (b) TOE (c) FOOT (d) LACE (e) SOLE

"If all Wargs are Twerps and no Twerps are Gollumgs) ti@Gollums are definitely
Wargs."
This statement is: (2) TRUE (b) FALSE (c) NEITRIE

Which one of the five makes the best comparison?
Finger is to hand as leaf is to:
(@) TREE (b) BRANCH (c) BLOSSOM (d) TWIG @ARK

"John's mother sent him to the store to get 9 large cgrsaches. John could only carry 2
cans at a time. How many trips to the store did John teaveke?
@4 (b)d¥s (c)5 (d)¥% (e)6



56.

57.

58.

59.

60.

Zola was both 13th highest and 13th lowest in a spelling dontes
How many people were in the contest?
(@) 13 (b)25 (c)26 (d)27 (e)28

Which one of the five is least like the other four?
(@) HAM (b) LIVER (c) SALMON (d) PORK (e) BE-

"If all Fleeps are Sloops and all Sloops are Loopies, @lidfieeps are definitely Loopies."
This statement is: (2) TRUE (b) FALSE (c) NEITRIE

Which one of the five is least like the other four?
(@ CM (b) KILOMETRE (c) ACRE (d) METRE (&)ILLIMETRE

Sipho received R0.41 change from a purchase in the supermarket.
If he received six coins, three of the coins had to be:
(@) CENTS (b) FIVE CENTS (c) TEN-CENTS (d) TWENTYEQTS (e) FIFTY CENTS
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PART 6

Structure
This section is designed to measure your ability to recodpmzeiage that is appropriate for
standard written English.

Directions: Questions 1-4 are incomplete sentences. Beneath aaehszyou will see four
words or phrases, marked A, B, C, and D. Chooserikavord or phrase that best completes
the sentence.

Look at the following examples:

Sample Answer

o JNORO

Geysers have often been compared to volcanoes theyniidtbtdiquids
from below the Earth's surface.

A. dueto

B. because

C. in spite of

D. regardless of

Examplel

The sentence should read, "Geysers have often beenm@mhtpasolcanoes because they both
emit hot liquids from below the Earth's surface.” Thamefyou should choose answer B.

Sample Answer
ONONON

During the early period of ocean navigation, any nesopbisticated
instruments and techniques.

A. so that hardly

B. where there hardly was

C. hardly was

D. there was hardly

Examplell

The sentence should read, "During the early period of awaagation, there was hardly any
need for sophisticated instruments and techniquesréfidre, you should choose answer D.
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QUESTIONS

61.Refrigerating meats the spread of bacteria.
A. retards
B. retarding
C. to retard
D. is retarded

62. Throughout the animal kingdom, bigger than the elephant.
A. whale is only the
B. only the whale is
C. is the whale only
D. only whale is the

63. The fact money orders can usually be easily cashed&tiashem a popular
form of payment.

A. of

B. that

C. is that
D. which is

64. The constitution of South Africa gives parliament tolpass
A. the power
B. has the power
C. the power is
D. of the power
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PART 7
Written Expression
This section is designed to measure your ability to recodamzeiage that is appropriate for
standard written English.

Directions: In questions 5-10, each sentence has four underlined woptlsases. The four
underlined parts of the sentence are marked A, B, C, atdkbtify theone underlined word or
phrase that must be changed in order for the sentence ¢orbetc

Look at the following examples:

Example | Sample Answer

Guppies are sometimes call rainbow fish because L RO RO RC)

. A B C
of the males’ bright colors.

The sentence should reg@Guppies are sometimes called rainbow fish becauseahales’
bright colours." Therefore, you should choose answer A.

Example If Sample Answer
Serving several term in Congress, Shirley O Yol
A B

Chisholm became an important United States
Pﬂlitiuian. =

The sentence should read, "Serving several terms in Ga@hirley Chisholm became an
important United States politician." Therefore, you shahdose answer B.

QUESTIONS
65. Electricaldisturbances on Earth are frequemrtdyised wittstorms_on the surfac# the sun.
A B C D
66. Dr. Dart, a teacher in South Africa, identificatittre Taung Skull as hominid and believed
A B
it_representethe “missing link”_betweempes and humans.
A B
67. A deficientof folic acid is_rarely founéh humans becausbe vitamin is contained ia wide variety
A B C D
of foods.

68. The gopher digwith the strong claws of itsvo front footand with its overhanginfyont teeth.
A B C D
69. The cosmonauind the world’s second space toyridtarrk Shuttleworth, displayeeixcitement about
A B C
them plans for genetic experiments in space.
D

70. As two nuclei move closer together, their mutelgctrostatic potential energy becomesre large

A B C D

and more positive.
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PART 8

Reading Comprehension
This section is designed to measure your ability to reddiaderstand short passages similar in

topic and style to those found in tertiary institutions.

Directions: In this section you will read a passage which is follobyed number of questions
about it. You are to choose tbee best answer, A, B, C, or D, to each question.

Answer all questions about the information in a paseadée basis of what sated or
implied in that passage.

SAMPLE PASSAGE AND QUESTIONS

The railroad was not the first institution to impose
regularity on society, or to draw attention to the
importance of precise timekeeping. For as long as

Line merchants have set out their wares at daybreak and

(5) communal festivities have been celebrated, people have

been in rough agreement with their neighbours as to the
time of day. The value of this tradition is today more
apparent than ever. Were it not for public acceptance of
a single yardstick of time, social life would be uatably

(20) chaotic: the massive daily transfers of goods, services,
and information would proceed in fits and starts; the
very fabric of modern society would begin to unravel.

Example |
xamp Sample Answer

ONON NO
What is the main idea of the passage?
A. In modern society we must make more time for our neighbours
B. The traditions of society are timeless.
C. An accepted way of measuring time is essential fostheoth functioning of
society.
D. D. Society judges people by the times at which they conduiic activities.

The main idea of the passage is that societies negpde about how time is measured in order
to function smoothly. Therefore, you should choose answer C.

Sample Answer
ONONON

Example Il

In line 7, the phrase "this tradition" refer:
A. the practice of starting the business day at dawn
B. friendly relations between neighbours
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C. the railroad's reliance on time schedules
D. people's agreement on the measurement of time

The phrase "this tradition" refers to the preceding cldipsmple have been in rough agreement
with their neighbours as to the time of day." Therefgoe, should choose answer D.
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READ PASSAGE

Two young men, John and Charles, were on their way bableirchome village of Bahati, 18
kilometres outside of Nakuru, Kenya. They began talking adlbtlte problems they had
encountered in Nairobi since their arrival six months teefbike so many Kenyan youth from
the rural areas they had left their village after finishHiogm Four and tried to find jobs in
Nairobi. John got a job washing dishes in a small restautiarles was a good handy man and
got occasional work as a day labourer in an outdoor galtagas not much but it was a start.

John and Charles joined a group of young men connected tuf dmemain opposition parties
called "Movement for a New Kenya." Their charismataxdler regularly spoke out against the
bribery and corruption in the government. They often partiegban protest rallies. The paolitical
rallies were exciting and the youth volunteered a lgheir free time. Several times violence
took place after the political rallies. The two youngmenjoyed the ferment of the big city, but
they didn't have enough money to go to nightspots and bararggul

Then everything started to go wrong. One day there wasra&big downtown Nairobi and
three people were killed. The "movement's” leader wast@d and put in detention. The
government declared him an "Enemy of the State.” The two ym@mgwere dejected. Their
hopes for a "New Kenya" were dashed.

To make matters worse, John's picture appeared in the cowérthgeriot in one of the daily
newspapers. When his boss heard about it, John was immetiiggk (6)Then their small flat
was broken into and they lost most of their belongings. Ataarles had malaria three times,
the garage did not want him back. John and Charles sbanaghing around.

When their money finally ran out they decided to returméar tvillage. Near Naivaisha the bus
had a flat tyre and everyone had to get out. While waliinthe road John and Charles struck
up a conversation with one man. They explained how they puthihés in one of the main
opposition parties but now their leader was in detention.'Mlogement” was in disarray. The
stranger said that he was a lawyer and asked them saflenging questions about their
commitment to bringing about social change in Kenya. The lagajid that he wasn't taken in
by some of the fast-talking politicians and their many psesii But he was committed to work
for change from the grassroots up and to be a "voice ofoibeless."

The lawyer mentioned several important African stogsies novels that contain a lot of wisdom
for today's world. He gave the example of sharing a togather. He said fast food restaurants
in Nairobi destroyed the value of eating together in eddamily-style way and explained
how a meal is perhaps the most basic and ancient symfs@ratship, love and unity. The
stranger used the African provéente ationship isin the eating together" to explain how a
pleasant meal can build community and trust. He talked ahetiuman and spiritual values in
sharing together. John and Charles followed his words mgeptly. Then they shared their own
views. But when they got to Nakuru with a quick wave the was out the door and gone. The
two youths sat amazed. Now he was gone.

22¢



QUESTIONS

71.

72.

73.

74.

75.

76.

77.

78.

79.

The passage primarily discusses

a) bus trip

b) Kenyan politics

c) lawyer

d) riots

The word “they” in line 2 refers to

a) bus driver and the flat tyre

b) trip

c) John and Charles

d) Meals

The word “charismatic” in line 11 is closest in meaning t
a) insensitive

b) evil

C) uninteresting

d) appealing

According to the passage the two young men enjoyed
a) buzz of the city

b) money

c) their government

d) girls

The phrase “bumming around” in line 29 is closest in meatoing
a) running from one place to another

b) sitting down and doing nothing

c) singing riot songs

d) sharing foot

The author mentions all of the following as importanthiange in society EXCEPT
a) change taking place from grassroots level upward
b) fast talking politicians

c) representing the “voices of the voiceless”

d) community sharing

John and Charles joined the

a) church groups

b) ruling party

c) rioting groups of villages

d) one of the opposition parties

Which of the following best describes the political changeblethe ordinary people
a) commitment to work for change from grassroots up.
b) sharing a meal together

c) “relationship is in the eating together”

d) reading several books which contain wisdom and value for hilifean
The phrase” was out the door” is closest in meaning to
a) leaving

b) kicking out the door

C) opening the door very widely

d) standing outside the door.

80. Where in the passage is it illustrated that the bus hadepneb
a) line 18
b) line 25
c) line31
d) line 49
End
Thank you very much for your participation in this exercise
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ANNEX 2

Questionnaire developed to identify specific misconcepiins held by students
regarding photosynthesis and respiration

Questionnaire on photosynthesis and respiration
This questionnaire forms part of my Ppibject. Its purpose is to assess students' knowledge
about photosynthesis and respiration in order to identifiynrcon misconceptions. The

information will be used to develop more effective teaghmthis area.

The questionnaire contains 13 questions about photosynthdsiespiration in plants. Each
question has three parts. The first part is a standaliiple-choice question on a particular

concept of photosynthesis. Please mark the option that yoarf®ekrs the question most fully.

The second part asks you why you chose the answer you disl @fs® multiple choice. Again,
please mark the reason that most fully explains your ansiweu feel that none of the options
provide a satisfactory answer, space is provided for youte Wour reason. The last part asks
you how confident you feel about your answer, either not abafldent, somewhat confident,

confident, or very confident. The appropriate choice shoultdr&ed

Thank you for your assistance.

Thato Foko

Information Technology in Education Natal University

E-Mail: fokot@ukzn.ac.za
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Question 1

Plants produce "food" (chemical compounds which can be broken tdaweet the energy

requirements of the plant) through which process?

a) Absorption of minerals through the roots

b) Photosynthesis

c¢) Transpiration

d) Respiration

The reason for my answer is that:

a)

b)
c)

d)

e)

Transpiration is the process whereby water and nigraeattransported to all parts of the
plant.

Minerals in the soil are directly metabolised by ttapfor energy.

Respiration is the production of glucose and other suglich are used as a source of
energy for the plant.

light energy is trapped by chlorophyll molecules and tsednvert CQand water to

glucose and other simple sugars, which are used as a sbercergy for the plant.

How confident are you of your answer'?

a) not at all

b) somewhat

c) confident

d) very confident

Question 2

Photosynthesis and respiration are

a) the same process

b) opposite processes

c) complementary processes

The reason for my answer is that:

a)
b)

Both processes use light energy and release O

Both processes use light energy and release CO



C) Photosynthesis is a constructive process that mayt¢ean increase in mass of the plant,
whereas respiration is a destructive process that mdydemdecrease in mass of the
plant.

d) the products of photosynthesis are used as reactaptpiration (i.e. the simple sugars
produced by photosynthesis are broken down through respitatiefease energy for the
plant.

e)

How confident are you of your answer?
a) not at all

b) somewhat

c) confident

d) very confident

Question 3

What gas is given out in largest amounts by green piante presence of sunlight?
a) CQ
b) O

The reason for my answer is that

a) This gas is given off in the presence of light becgusen plants respire only during the
day.

b) Green plants only photosynthesize and do not respire prekence of light energy,

C) There is more of this gas produced by the plant dytgosynthesis than is needed by
the plant for respiration and other processes, so thesegaess given off.

d)  This gas is a by-product given off by green plantheg photosynthesize.

e)

How confident are you of your answer?
a) not at all
b) somewhat

c) confident

d) very confident
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Question 4

Which gas is taken in by green plants in the largesttijiggnn the presence of light energy?
a)CQ
b) O

The reason for my answer is that

a) This gas is used in respiration which takes place onlydmptesence of light energy

b)  This gas is used in photosynthesis which takes place ottlg ipresence of light Energy.
c) This gas is used in photosynthesis, which takes place oonsty

d) This gas is used in respiration, which takes place contihuous

How confident are you of your answer?
a) not at all

b) somewhat

c) confident

d) very confident

Question 5

Which gas is taken in by green plants in large amowhe there is no light present?

a)CQ
b) O,

The reason for my answer is that

a)  This gas is used in photosynthesis, which takes place ot idark
b)  This gas is used in photosynthesis, which takes place aoosly

c) This gas is used in respiration, which takes place contibyuous

d)  This gas is used in respiration, which takes place ortlyeirdark.

How confident are you of your answer?
a) not at all

b) somewhat

c) confident

d) very confident
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Question 6

Which gas is given off in large amounts when there isgind &nergy at all?

a) CQ

b) O

The reason for my answer is that:

a) Green plants stop photosynthesizing when there is no lighgyeriait they continue to
respire, and therefore they give off this gas.

b)  This gas is given off by the green plant during photosyighesich takes place when
there is no light energy.

C) Because plants respire only when there is no light energygthe off this gas.

d)

How confident are you of your answer?
a) not at all

b) somewhat

c) confident

d) very confident

Question 7

The light phase of photosynthesis takes place
a) only in the presence of light
b) only in the dark

c) continuously

The reason for my answer is that:

a) the light phase involves electron transport, which only talesephkhen sunlight excites
chlorophyll molecules, causing them to give up electrons.

b) the light phase involves the uptake of £ ®hich takes place only in the light.

c) the light phase involves the uptake of £ ®hich takes place only in the dark.

d) the light phase involves the uptake of C®hich takes place continuously.

€)

How confident are you of your answer?

a) not at all
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b) somewhat
c) confident

d) confident

Question 8

The dark phase of photosynthesis takes place
a) only at night (in the dark)
b) only in the day (in the presence of light energy) c) dutiegday and night (continuously)

The reason for my answer is that:

a) the dark phase involves the excitation of chlorophyll moledadght, leading to electron
transport,

b) the dark phase involves the uptake and reduction gf @iich takes place only in the
presence of light.

c) the dark phase involves the uptake and reduction ¢f ®ich takes place only in the
absence of light.

d) the dark phase involves the uptake and reduction ¢f ®@ch does not necessarily require
light, and so takes place continuously

€)

How confident are you of your answer?

a) not at all
b) somewhat
c) confident

d) very confident

Question 9
The light phase of photosynthesis

a) is the opposite of the dark phase.
b) uses products of the dark phase for reactants ingthteplhase.
C) is complementary to the dark phase, and the prodtitie bght phase act as reactants in the

dark phase.
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The reason for my answer is that:

a) The light phase products are NADPH and A TP, whictuaeel in the dark phase to
combine CQ and ribulose bisphosphate to produce glucose.

b) Products of the dark phase are NADPH and A TP, whielused in electron transport
during the light phase.

c) The light phase produces NADPH and A TP for electramspart in the dark phase.

d) The light phase occurs only in the light and produces Anhite the dark phase occurs
only at night and produces NADPH.

€)

How confident are you of your answer?
a) not at all

b) somewhat

c) confident

d) very confident

Question 10

Rate of

Photosynthesis /

0 500

Light intensity

Figure 1: The rate of photosynthesis in relation to light intignsi

Figure 1 shows the rate of photosynthesis measured atdifiegght intensities.

Point | on the graph is the
a) light compensation point

b) point at which light saturation has occurred

The reason for my answer is:
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a) At this point, increased light leads to an increagghistosynthesis.

b) At this point, an increase in light intensity yields ndffier increase in photosynthesis.
c) At this point, the rate of photosynthesis equals the ratespiration.

d) At this point, the rate of respiration is greater tharrdéite of photosynthesis.

e)

How confident are you of your answer?
a) not at all

b) somewhat

c) confident

d) very confident

Question 11

Rate of

Photosynthesis /

0 1500

Light intensity
Figure 2. The rate of photosynthesis in relation to light intgnsi
Figure 2 shows the rate of photosynthesis measured atdifieght intensities. At point |

a) photosynthesis has ceased
b) the rate of photosynthesis increases as light intensitgases.

c) the rate of photosynthesis stays the same even thginglnliensity increases.

The reason for my answer is that:

a) At this point, light has become the limiting factor

b) At this point, some other factor has become the limitingofact

c) At this point, there is too much light and the plant isor@éer photosynthesizing.
d) At this point, respiration is greater than photosynthesis.

e)
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How confident are you of your answer?

a) not at all
b) somewhat
c) confident

d) very confident

Question 12

Which of the following equations best represents the overadiess of photosynthesis?

chlorophyll

a) Glucose + oxygen > G® water
light energy
chlorophyll

b) CO, + water > Glucose + oxygen
light energy

c) CO, + water + energy > Glucose + oxygen

The reason for my answer is that:

a) The green pigment, chlorophyll, combines with the, @Qhe presence of light energy and
produces glucose and water.

b) The energy from sunlight is used by plants containing chlorbfhgbmbine C@and
water to form glucose and oxygen.

c) Glucose and oxygen is combined in the presence of chlorapig/light energy to Form
CO, and water.

d)

How confident are you of your answer?
a) not at all

b) somewhat

c) confident

d) very confident
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Question 13
Which of the following equations best represents the prafegspiration in plants?

a) Glucose + oxygen > energy + @Qvater

b) CO+ water > energy + glucose + water

light energy

c) CO+ water > oxygen + glucose
chlorophyll

d) Glucose + oxygen > GG water

The reason for my answer is that
a) During respiration, green plants take in £A0d water in the presence of light energy to

form glucose.

b) CO,and water are used by the green plant to produce enerigg etrich time Glucose
and oxygen waste are produced

c) During respiration green plants take in oxygen and giv€&ffand water.

d) During respiration, green plants derive energy from glucoseg usiygen, and releasing
COand water in the process.

e)

How confident are you of your answer?

a) not at all
b) somewhat
c) confident

d) very confident



ANNEX 3

Questionnaire developed to identify specific misconcepiins held by students
regarding photosynthesis and respiration

Questionnaire on photosynthesis and respiration
This questionnaire forms part of my Ppibject. Its purpose is to assess students' knowledge
about photosynthesis and respiration in order to identifiynrcon misconceptions. The

information will be used to develop more effective teaghmthis area.

The questionnaire contains 8 questions about photosynémesigspiration in plants. Each
guestion has three parts. The first part is a standaltiple-choice question on a particular

concept of photosynthesis. Please mark the option that yoar®ekrs the question most fully.

The second part asks you why you chose the answer you diisl @fs® multiple choice. Again,
please mark the reason that most fully explains your ansiweu feel that none of the options
provide a satisfactory answer, space is provided for youte Wour reason. The last part asks
you how confident you feel about your answer, either not abafldent, somewhat confident,

confident, or very confident. The appropriate choice shoultdré&ed.

Thank you for your assistance.

Thato Foko

Information Technology in Education Natal University

E-Mail: fokot@ukzn.ac.za
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Question 1

What gas is given out in largest amounts by green piiauti® presence of sunlight?

a) CO2
b) 02

The reason for my answer is that:

a) This gas is given off in the presence of light becausergplants respire only during the
day.

b) Green plants only photosynthesize and do not respire in thenae of light energy.

c) There is more of this gas produced by the plant during patioesis than is needed by the
plant for respiration and other processes, so the excess giaen off.

d) This gas is a by-product given off by green plants eg pihotosynthesize.

e)

How confident are you of your answer?

a) not at all
b) somewhat
c) confident

d) very confident

Question 2

Which gas is taken in by green plants in the largesttijiggnn the presence of light energy?

a) CQ
b) O,

The reason for my answer is that:

a) This gas is used in respiration which takes place onlydmptesence of light energy

b) This gas is used in photosynthesis which takes place otlig ipresence of light Energy.
c) This gas is used in photosynthesis, which takes place aoosty

d) This gas is used in respiration, which takes place contihuous

e)




How confident are you of your answer?

a) not at all
b) somewhat
c) confident

d) very confident

Question 3
Which gas is taken in by green plants in large amowhé there is no light present?

a) CQ
b) O,

The reason for my answer is that:

a) This gas is used in photosynthesis, which takes place othg idark
b) This gas is used in photosynthesis, which takes place aoosty
c) This gas is used in respiration, which takes place contihuous
d) This gas is used in respiration, which takes place ortlyeimark.

e)

How confident are you of your answer?

a) not at all
b) somewhat
c) confident

d) very confident

Question 4
What gas is given off in large amounts when there isghd énergy at all?

a) CQ
b) O,

The reason for my answer is that

a) Green plants stop photosynthesizing when there is no lighgyerimit they continue to

respire, and therefore they give off this gas.
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b) This gas is given off by the green plant during photosyighedich takes place
c) When there is no light energy.
d) Because plants respire only when there is no light energygthe off this gas.

e)

How confident are you of your answer?

a) not at all
b) somewhat
c) confident

d) very confident

Question 5

The light phase of photosynthesis takes place

a) only in the presence of light
b) only in the dark

) continuously

The reason for my answer is that:

a) The light phase involves electron transport, which onlystakace when sunlight excites

chlorophyll molecules, causing them to give up electrons.
b) The light phase involves the uptake of C®hich takes place only in the light.
c) The light phase involves the uptake of £®hich takes place only in the dark.
d) The light phase involves the uptake of L®hich takes place continuously.

e)

How confident are you of your answer?

a) not at all
b) somewhat
c) confident

d) very confident
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Question 6

The dark phase of photosynthesis takes place
a) only at night (in the dark)
b) only in the day (in the presence of light energy)
¢) during the day and night (continuously)

The reason for my answer is that:

a) The dark phase involves the excitation of chlorophyll molechyelight, leading to,
electron transport.

b) The dark phase involves the uptake and reduction ef ®@Rich takes place only in the

presence of light.

c) The dark phase involves the uptake and reduction gf @kich takes place only in the

absence of light.

d) The dark phase involves the uptake and reduction gf @kch does not necessarily

require light, and so takes place continuously.

e)

How confident are you of your answer?

a) not at all
b) somewhat
c) confident

d) very confident

Question 7
The light phase of photosynthesis

a) is the opposite of the dark phase.
b) uses products of the dark phase for reactants in thtepigase.

c) is complementary to the dark phase, and the products bftthg@hase act as reactants

in the dark phase.
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The reason for my answer is that:

a) The light phase products are NADPH and A TP, whictusaeel in the dark phase to

combine CQ and ribulose bisphosphate to produce glucose.

b) Products of the dark phase are NADPH and A TP, whielused in electron transport

during the light phase.
c) The light phase produces NADPH and A TP for electramspart in the dark phase.

d) The light phase occurs only in the light and produces Awlille the dark phase occurs
only at night and produces NADPH.

e)

How confident are you of your answer?

a) not at all
b) somewhat
c) confident

d) very confident

Question 8

Rate of
Photosynthesis

0 1500

Light intensity

Figure 1. The rate of photosynthesis in relation to light intgnsit
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Figure 1 shows the rate of photosynthesis measured atdifieght intensities. Point | on the

graph is the:

a) light compensation point

b) point at which light saturation has occurred

The reason for my answer is that:

a) At this point, increased light leads to an increagghistosynthesis.

b) At this point, an increase in light intensity yields ndffier increase in photosynthesis.
c) At this point, the rate of photosynthesis equals the ratespiration.

d) At this point, the rate of respiration is greater tharrdéite of photosynthesis.

e)

How confident are you of your answer?

a) not at all
b) somewhat
c) confident

d) very confident
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ANNEX 4

10.

11.

12.

13.

14.

15.

16.

17.

18.

Focus Group Questions
Do you like playing games?
What kind of games do you like to play?
Why do you think some people prefer to use computers for tegni
Why did you want to participate in tly&hoz?
Was playing the game easy?
Why yes/no?
How interesting were the topics covered by the gamedg&aHIV/AID, TB)??

Do you think talking to your group members helps you in understenbpics covered by
the game better?

Do you think that games, suchyhoz, can be used as an alternative way of teaching,
instead of using teachers?

Why?

Do you think girls are more interested in using computers tthe boys?

Why do you think girls are interested in this game?

Why do you think that some people prefer playing games d&onileg?

Do you think playinggKhoz in groups could help improve the way learners think?
How if yes?

Do you think playing the game in groups helped you to understanapiics better?
Do you think that your visual skills can be improved by playikboz ?

Why do you think some boys are not interested in the game?
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