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ABSTRACT

In 2004 an educational evaluation strategy consisting of Common Tasks for Assessment
(CTAs) was introduced nationally into South African high schools as an external
examination, marked internally by individual teachers. It took the form of a systemic
assessment for Grade 9 learners with the main intentions of promoting a common
standard and serving as a validating tool for school-based assessment. This analytical-
descriptive investigation in 12 schools (in the Western Cape is a contribution to the

research fields of academic performance testing, achievement and response.

CTAs use the framework of the curriculum, broadly defined as the organising principle in
how educational opportunities are provided to learners. Hence, the basis of the CTA
mode] has three aspects: the intended curriculum. the implemented curriculum. and the

attained and experienced curriculum.

The CTA testing took place in 2004 with many schools participating.

The CTA assessment in the area of Natural Science was framed by two organising
dimensions: a content domain and a cognitive domain. The content domains that framed
the science curriculum were presented as themes: life and living, energy and change a¢nd
matter and materials. The cognitive domains were: factual knowledge, conceptital

knowledge, and reasoning and analvsis.
Research design and methodology
The focus of the study was on investigating the responses of conveniently available

diverse classes of learners to the 2004 national Grade 9 CTA Natural Science test paper

that was two hours long.
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The key research questions were:

1. How did a sample of 1500 learners and their teachers experience the 2004
Grade 9 Natural Science Common Tasks for Assessment (CTA) as an

instrument of performance and educational achievement?

2. Why did the learners perform in the ways that they did. and what deeper
insights into the learners™ achievements on the CTA were gained when their

responses were analyzed?

An exploratory ex post facto research design was adopted during Phase 1 of the study
which comprised the feasibility study in these schools. In Phase 2. a quantitative approach
was engaged in an expanded status study using 12 schools. In Phase 3. a qualitative
methodology was utilized with purposefully selected samples of learners and teachers
when data gathered through interviews were subsequently analyzed in terms of theoretical
explanatory factors and variables that may have influenced their performance. The
purpose of the status study was to utilise an ex post facto research methodology. It
described the arrangements made for the large-scale collection of quantitative data once
again. The selection, size, context and nature of the twelve high schools were described.
Next. the data collection procedures for Phase Il were described in terms of their ethics,
management. permission, sequence and time-table. Then the lists of dependent and
independent variables were presented and finally. the intended data, processing procedures

and techniques were introduced.

The interviews with teachers had two main purposes. These were to assess the perceived
quality of the test using professional and academic criteria such as those suggested by
Ebel (1972) and RNCS (2002); and also to obtain recommendations for improving the

format and content of future CTAs in the Natural Sciences.

For the quantitative study the sampling design used a stratufied cluster design, which
involved selecting samples of schools from all eligible schools on the basis of definitions

of levels of socio-economic status.
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For the qualitative studies. the interviews with learners and teachers were chosen
purposefully.  The interviewed teachers were chosen based on the school’s overall
performance in the CTA and the teacher’s experience in teaching Grade 9 Natural Science.
Six teachers were interviewed during a five day period in September 2005, selected from
various schools with different levels of SES. The learners were divided (on pzper)
according to low, medium and high achievers, i.e. the teacher chose two or three learners
from each group who expressed willingness to be interviewed in either English or
Afrikaans. Learners were chosen in this way in order to get a good spread of achievement

levels.

Findings

Natural Science performance in 12 Western Cape schools.

I. Overall performance by the 12 schools on the 2004 Science CTA
The overall mean score for the 1 572 learners on the Science CTA was a low
38.3% % 29.9%. The variation in scores on the CTA ranged from many very low to

a few very high scores. meaning the score distribution was skewed to the left.

2. Performance patterns in the scores generated by the Grade 9 CTA in Science.

2.1 Analysis of the CTA achievement scores by SES

The top performing schools for CTA science were those with the highest levels of
SES. There was a distinct pattern in achievement levels from the highest SES 1o
the lowest SES in the order: highest SES (mean score 57%) > medium SES
(mean score  49%) > normal SES(mean score 41%) > lowest SES (mean score

15%).

o
[N

Analysis of CTA scores by gender

There was a highly significant difference between the performances of males und
females in the total score of the Science CTA, where females (mean score 41.4%)
performed better than males (mean score 33.8%). There were also highly

significant performance differences between males and females in 20 out of the 25
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CTA items, in which the females attained the better mean scores. Highly
significant differences between males from an all boy's school and females from

an all gir]’s school appeared among only the highest level of SES schools.

By school

The average achievement scores in the Science CTA of the schools showed great
variation. The top performing schools were the ex-Model C schools. The top
performing schools (57%) recorded mean scores were almost double those of the

lowest performing schools (15%).

By schools categorised by ex-racial department

There were differences in the average CTA achievement scores of learners in
schools categorised by their former racial departments. The mean scores of the
learners in the former House of Representative (HOR) and former Department of
Education and Training (DET) schools was almost half that of learners in the
former House of Assembly (HOA) schools. An analysis of the achievement
scores in the different school types (categorised by ex-racial department) indicated
that the attendance of learners at different school types may have been an

important determinant in influencing learner achievement outcomes.

By language of the test

Learners answered the CTA test in either Afrikaans or English. In the majority of
test items, English learners performed better than Xhosa and Afrikaans learners.
English second language participants at higher level SES schools achieved
significantly higher scores than those English second language participants who
attended lower level SES schools. The English second language participants from
the highest SES schools achieved slightly higher scores compared to the English
first language participants from lower SES schools but achieved a significantly
higher score compared to English first language participants from the lowest SES
schools. There was a notable relationship between learners’ lower achievement in

the CTA and the fact that they did not speak the language of the test at home.
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2.6

By what learners know and can do

The 1572 Western Cape learners performed relatively poorly on almost all test
items (>50% of the items) on the CTA. The items in which most learners greatly
under-performed were based on the process skills: ‘identifying variables’ and

‘interpreting graphs’.

The CTA instrument itself

A detailed analysis of the scripts of individual learners revealed several aspects in
the management, wording and structure of the CTA examination paper itself that
appeared to impact on the low performance of learners. Follow-up interviews
with the learners and teachers disclosed shortcomings in the CTA that included
incorrect allocation of time: ambiguity in the wording of particular items:

Janguage inaccuracies: and so on.

Curriculum

The CTA test instruments were administered during a period of curriculum
change and restructuring. The philosophy underpinning the restructured
curriculum was that of an outcomes-based education. The official curriculum in
2004 was C2005. and this was characterized at the time by an under-specification
of basic knowledge and skills in all learning areas, including science. This study
analysed information from a large-scale paper-and-pencil test and found several
mismatches between the intended curriculum. the implemented curriculum, and
the curriculum experienced by learners and their teachers. especially with regard
to clarity of content and skills taught. classroom teaching and skills tested and an

unrealistic ime limit.

Class size for the 12 schools

The class size varied according to the SES of the school. In the highest leve] SES
schools the average class size was 25-30 learners. In the second and third level
SES schools the average class size was 35-40 learners. In the lowest leve] SES

schools the class size was 40-50.
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6. Participation in national systemic studies
It may be important for all South African learners to participate in a national

systemic assessment which externally benchmarks performance.

It is anticipated that the findings of this investigation may be of some value to
future learners, teachers, curriculum planners and CTA examiners. This study
engaged 1in identifying and selecting certain CTA-related aspects in the teaching
and learning of science such as misconceptions, lack of skills, misinterpretations
and inadequate ‘prior knowledge’ that might hamper further understanding in
higher grades. The findings emanating from this study may be valuable in that
they could inform science teachers of the common problems that learners
encountered. Because the learners participating in this study were found to hold
inadequate and widespread notions of certain concepts in science, it seems
probable that many present and future Grade 9 learners might also hold similar
misconceptions. The findings of the study might also prove to be informative and
useful] to science teachers in the design of their future lessons and instructional
practices. In other words, by identifying and documenting the problems that
learners appear to have experienced during the past few years (with some of these
local findings linking to those of other previous studies), cognisance may be
taken of these specific aspects of learning to try to alleviate the inconsistencies

where they appear to prevail among the schools.

It 1s anticipated that this study will also be of benefit to curriculum planners and
CTA examiners by imparting information derived from an intensive analysis of
learners’ responses to questions - with regard to noting test designers’ possible
shortcomings in layout; degree of abstraction; ambiguity: appropriateness for

RCNS: diagrammatic representation: and the validity of the test items examined.
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CHAPTER 1

INTRODUCTION

1.1 Prologue

The intention of this study is to analyse and explain - both quantitatively and
qualitatively — both the performance and some of the experiences of 1572 Grade 9
learners from 12 high schools in the Western Cape on the 2004 Natural Science
Common Tasks for Assessment (CTA) examination. It also seeks to identify and gain
insights into somc of the tensions and explanatory factors that may have influenced
the learners’ performances, with particular reference to issucs involving science
process skills, the contexts of asscssment formats, language of testing, gender, socio-
economic status and curriculum-specified learning outcomes. In this study sclected
lcarners and teachers were interviewed on their perceptions and experiences of the
implementation of the Natural Science CTA examination at various schools to try to
establish why they were achicving or undcer-achieving. This investigation uscs onc
particular instrument — a CTA in the Natural Sciences — as a potential tool to analyse
performance. It also analyses both strengths and shortcomings in the original wording
and composition of the 25 test items which comprised section B of the CTA, in its
implementation in 2004. However, the dissertation is not a critique of CTAs, in

general, as a form of assessment.

The study is set in the context of current theories of learning, continuous assessment
and common tasks for assessment. The study as a whole endeavours to make a
contribution to the field of cducational performance testing in high school science by
enhancing our understanding of the diverse South African context in which testing

takes place.

This chapter describes the statement of the research problem, its background, context,
purpose and significance of the research. It identifies the assumptions of the study
and its limitations. The chapter introduces and justifies the selection of the research
design and methodology; it describes the data-generating phases and procedures; and

it indicates the techniques selected for processing, treatment and analysis of the data.
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1.2 Statement and origin of the problem

For decades one of the purposcs of science education rescarch has been a striving for
quality in the various aspects of science teaching, learning and assessment. Hence, in
the present study I, the rescarcher, have attempted to investigate in depth the
performance of a diverse group of Western Cape learners in the 2004 Natural Science
CTA, Scction B (attached in Appendix 1). 1 will also cvaluate its pedagogical
worthiness (its strengths and wcaknesses) as an aid to classroom asscssment. | was
motivated by the sclf-reported experiences, concerns, fears and complaints expressed

by colleagues, and by my curiosity as to whether these are justified.

The educational value of the CTA as a potential aid to learning has been under
scrutiny, especially during the past four years. In particular, concerns about the
proficiency of its implementation with rcgard to possibly inadequate administrative
planning and allcged lack of consideration for teachers and learncers have been
emphasized. For cxample, the following are some of the comments that were printed

as SMSs to the Cape Argus (2005:18):-

Not only do our Grade 9s have to struggle to finish the CTA in two weeks but the
conditions under which they have to work are less than ideal. Up to 45 students in
prefabs which are extremely hot. Both students and teachers are stressed and
can’t wait for this nightmare to end. (Teacher)

I’'m a Grade 9 learner...We had 10 periods each day last week in which we had to
complete our CTA (which came late) and started exams yesterday. We also got
homework every day. Itreally is frustrating and stressful. (Learner)

According to Education Department Director for the North Mctropole, Barry
Volschenk, schools would be ordered to conduct the programme of CTAs, in spitc of
the confusion at the time, because this was a compulsory national requirement (Bailey
& Smith, 2005). This was cchoed by the Deputy Director-General for Education
Planning and Development in the Cape Province, Brian Schreuder, who said, “Final
exams (sic) were not compulsory, but CTAs were essential for assessment” (Bailey &

Smith, 2005:3).

According to Wilmot (2004), curriculum and assessmcent decisions have often been
influenced by political decisions. In Britain, for example, the Thatcher government
passed the Education Reform Act of 1988 becausc of a decline in education standards.

The Act included both a national curriculum and a national testing system (Tell,
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1998). One of the main purposes of national asscssment was to “make sure that
tcachers tecach the national curriculum™ (Gipps & Stobart, 1997:14). British national
testing resembled the current systemic cvaluations being conducted in South Africa at

ages 7, 11 and 14 years to monitor standards.

Time was a major factor in the process. In Britain, external markers were ecmployed
to mark test papers, test papers were returned to schools and teachers were allowed to
question any inappropriate marking (Tell, 1998). However, in 2004 South African
teachers were under pressure to mark the CTAs and there was no time for formative
asscssment.  According to Tell (1998), the British tests were fairly valid in that they
genuinely sampled the curriculum. As occurred in Britain, assessment in South Africa
1s now being used as a valid tool for monitoring and judging standards. This is

cvident in the national testing of the CTAs.

In South Africa, the Assessment Policy for General Education and Training of the
Department of Education (DoE, 1998a) made provision for widespread systemic
cvaluation, to be conducted at the Grades 3, 6 and 9 levels “on a nationally
representative sample of learners and Icarning sites in order to evaluate all aspects of
the school system and learning programmes™ (DoE, 2002a:2). This was the same
process as in the United Kingdom (Gipps & Stobart, 1997). The three objectives of
the systemic evaluation of the CTAs (on which this study was based) were to: obtain
information on learner achicvement; identify factors that affect learner achievement
and make conclusions about appropriate education interventions (DoE, 2002a:3). To
date no comprehensive analysis has been conducted on the implementation of the
Grade 9 Natural Science CTA in the Western Cape, which concentrated on the
application of new skills specified in the new curriculum and the performance of

different categorized schools.

1.3 The 2004 Natural Science CTA examination

In South Africa, Common Tasks for Assesment (CTAs) - which can be regarded as
constituting forms of standardised testing, i.e. systemic assessments - were intended to
be set externally and marked intcrnally. One could view CTA testing as reflected in

this quotation:
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Standardised tests were never intended to be the key component of student
evaluation. They were intended to be a valuable ingredient that would
combine with many other assessments to create a more accurate picture of
a student’s educational profile.

(Burke, 1997, cited in the Department of Education and Training:
Government of Western Australia, 2000)

According to a document, A4 draft framework for the development of the CTAs (DoE,
2002b:10), the Department of Education stated that the CTA should be designed as
series of performance-based assessment tasks, which “emphasises the learncrs’ ability
to usc or transfer their knowledge, understanding and skills into action™ in a rcal  life

situation.  These real lifc context problems arc composced of two parts of
information provided to the lecarner. The first part describes the context in the
form of a story and the sccond part provides the lcarner with the information required
to answer the questions (see Appendix 1).  Scction B should asscss individual
learners’ performance, using a paper and pencil test. These tests could be designed by
“using objcctive and or frec response questions” (DoE, 2002b:16). Free response
items asscss higher analytical skills, i.c. problem solving, decision making, drawing

inferences and hypothesising.

Bansilal (2008) argued that mathcmatically contextualized tasks — and by inference in
this study, scientific tasks - could also bc classified as litcracy tasks. These
performance-based asscssment tasks could also be used in a systemic way to

cvaluate reasoning skills and outcomcs.

CTAs can be used on a small scale (for example in two schools) or on a very wide
scale (e.g. throughout the whole country), for one or more learning areas and for any
grade. Although the initial purpose for the South African CTA was to cnable school
lcavers to qualify for and obtain a GETC (General Education and Training
Certificate), it can also provide an opportunity for teachers and lcarners to compare
their progress and status with that of lcarners in other schools. Also, it can be used to
assess learners, cvaluate teachers, “sct a standard for teachers™ and “highlight arcas in
the curriculum that need attention™ (Sieborger, 2004:79). Today this purposc may
scem unfair to teachers since it places pressurc on teachers to achieve results instead

of improving the quality of learning (Sicborger, 2004).
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The intended purposes of CTAs were to:

. ensure consistency in teacher judgements;

. promote common standard setting;

o strengthen the capacity for school-based continuous assessment;

) increase the accuracy of the assessment process and tools;

. ensure that the school-based assessment tasks properly assess competencies and
achievements; and

o ensure expanded opportunities for learners.

(DoE. 2002¢:79)

In practice, a CTA - comprising sections A and B - could have been used both
formatively and summatively in 2004. Section A could have been used formatively
if lecarners had been given back their attempted tasks to check them to see where they
went wrong and where and how they could have improved, i.c. “to grow and to make
progress™ (Sieborger, 2004:22). Furthermore, it could have been used in a summative
way (Section B) “to demonstratc that an outcome or assessment criterion had been
attained” (Sicborger, 2004:37). Nevertheless, in 2005 and 2006 only Section A was
issued to schools. However, in 2007, both Section A and Section B were issued to

schools.

1.4 Assessment for the General Education and Training Certificate (GETC)
and its purposes

The South African Interim Policy Framework for the Assessment and Promotion of
Learners in Grade 9 (DoE, 2003a) outlined thc assessment and promotion
requirements applicable to Grade 9 learners in the schooling system. It stated that the
General Education and Training (GET) Band, Grade 9, decmarcates the end of the
compulsory phase of schooling. Education in this band aims at providing learners
with the basic competences or a broad foundation of knowledge, skills, values and
attitudes nceded for lifelong learning. Therefore it was envisaged that a General
Education and Training Certificate (GETC), as prescribed by the South African
Qualifications Authority (SAQA), should be offered in future.

In the casec of schooling, the attainment of a GETC will provide accreditation within
the National Qualifications Framework (NQF) and will also assist in the selection and
placecment of lcarners for further learning; it will have a filtering purposc and
reccognize competencies that lecarners have acquired during the ten yecars of

compulsory schooling, including Grade R. The assessment requirements at Grade 9
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level have been determined within the parameters of recent policies, 1.e. Curriculum
2005 (DoE, 1997), the Assessment Policy for Grades R-9 (DoE, 1998b), thc White
Paper on Education and Training (DoE, 1995a), the Education White Paper 6 (DoE.
2001a) and the General Education and Training Certificate Policy (South African
Qualifications Authority (SAQA), (DoE, 2001b).

The South African General Education and Training Certificatc document (DoE,
2000:13) has given four broad purposes for a GETC which are:

e Political: for informed participation in a democracy;

e Social: for active involvement in community contexts;

e Personal: for empowerment, self-confidence and links with cultural capital; and

e Economic: for economic growth, in terms of providing a foundation for the
acquisition of knowledge and skills needed for the world of work.
(DoE, 2000:13)

A statement of purposc for the GETC was formulated as follows:

The primary purpose of the GETC is to equip learners with the knowledge, skills
and values that will enable meaningful learning participation in society as well as
continuing learning in further education and training, and provide a firm foundation
for the assumption of a productive and responsible role in the workplace

(DoE, 2000:14).

The above purposes provide an indication of the GETC and its conncction to the
CTAs as an external examination in schools. Besides the fact that initially the CTAs
were intended to be used for learncrs to obtain a GETC, they werc also used as
instruments to ensure that certain skills were taught to learners by the end of Grade 9
and to promote a common standard as statcd above. The present study concentrates
on how learners performed in the science process skills tested in the CTAs which are

emphasized in the purposes of the GETC (DoE, 2000).

1.5 Issues in performance testing, outcomes and continuous assessment

1.5.1 Theoretical framework

This study is set in the context of constructivism, a theory about knowledge and
learning. A behaviorist approach to learning proposes that when a lcarner learns to
repcat an action this would improve his or her performance. In other words a
behaviorist approach is based only on ‘recall’, which was traditional rote learning.
Consequently this learning thcory focused on learners’ performances instead of the

reasons that made them respond in a particular way (von Glasersfeld, 1995). Contrary
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to this latter form of learning, a constructivist approach has favored a response to new
torms of lecarning in which learners are encouraged to analysc and interpret new
information (Black, 1999). It 1s based on the belief that the reception of new
knowledge 1s dependent on learners’ cxisting knowledge and that formative
assessment must strengthen this knowledge.  Constructivism takes into account
learncrs”  preconceptions of a particular topic  which could develop into
misconceptions. For cxample, these misconceptions can develop from previous
science lessons. The CTAs can be uscd to identify any form of misconceptions,
whether or not they relate to previous rescarch. This study takes into account the
possibility of a lack of prior knowledge as well; i.e. learners could possibly not have

been taught properly or they did not know the correct answers.

In the light of this theory, 1 have used the content and nature of the curriculum to
analyse the content and naturc of the CTA which has been used as a tool to drive
educational reform. Thus it is necessary to look at the intended curriculum which
includes the stated objectives of the curriculum pertaining to science; the
implemented curriculum which refers to the instructional process implemented — in
this casc thc CTA; thce perceived curriculum as experienced by the learners and
teachers; and the achieved curriculum which produced the learning outcomes and the
outputs of the learners (Mills & Trecagust, 2002, cited in Bansilal, 2008; Reddy,
2006a).

1.5.2 Issues in the classroom assessment of science

An examination of the literature on educational measurement and cvaluation reveals
that the notion of assessment is tentative and has been continuously changing globally
(Black, 1998; Davis, 1998; Gipps & Stobart, 1997; Wilmot, 2003; Shepard, 2000).
With the result, assessment has been the main instrument for transformation in

education (e.g. Barnes, Clarke & Stephens, 2000; Davis, 1998).

The present study also analyses the performances of learners as part of the process of
educational transformation - a result of this within the South African context. It
investigates  whether evidence of transformation is present in the CTAs.

Transformational change has resulted in a new form of practice that includes the
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“notions of skill, re-skilling, transferability, compectence, outcomes and lifc-long
lecarning” (Edwards & Usher, 1994, cited in Wilmot, 2003:314). All the above notions
fall under the umbrella of Outcomes-based Education (OBE) which forms the
foundation of thc South African curriculum. OBE proposcs learner-centeredness
which is the opposite of the didactic approach to tcaching. It “‘strives to cnable all
lcarncrs to achicve their maximum ability” through a realization of the lcarning

outcomes (Dok, 2002¢:1).

OBE is based on Spady’s four principles which are: “clarity of focus™, “designing
down”, “high cxpcctations” and ‘“cxpanded opportunity for learncrs” (Spady,
1994:10). Since the present study deals with one form of assessment, the CTA, a brief
discussion of how thesc principles of OBE arc related to assessment may be important
to understand. Vandeyar and Killen (2003) cxplaincd how the above principles

related to assessment as follows:

e C(larity of focus - requires assessment to be clear so that proper inferences can be
madc about learners.

e Designing down - requircs assessment tasks to provide information on how
learncrs progress and their ability to move to the next level of competence.

e High expectations - rcquire assessment tasks which arc also challenging to
lcarners. Thus learncrs will be provided with the opportunity to attain high levels
of achievement.

e Expanded opportunity - advocates that all learners should be given enough time to
complete a task and that morc opportunitics should be given to lcarners before a

final assessment of their progress has been made.

Any form of assessment endecavours to measure the extent to which an outcome has
been achicved. However, the assessment of outcomes is not without problems. Many
other countrics have experienced problems regarding the attainment of outcomcs.
According to Sicborger (2004) problems encountered in the other countrics include:
an increase in the workload for teachers; different intcrpretations by various teachers
on different learning outcomes; difficulty in reaching consensus in the attainment of a

Learning Outcome (LO) or Assessment Standard (AS); assumptions that traditional
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cxaminations and tests have been stopped and that content has been replaced by skills
and abilitics.

However these problems could be solved by a number of strategies. Solutions to the
problems, bascd on other countrics’ experiences have been provided by Sicbdrger
(2004) as follows. Firstly, the workload could decreasc if lecarners are taught to asscss
themsclves; and also if more textbooks and other teaching resources are made
available. Sccondly, collegiality may offer a solution to interpreting assessment
standards, outcomes and knowledge of whether an asscssment standard (AS) or a
learning outcome (LO) has been reached or not. This can be achieved if teachers meet
regularly to discuss thesc concerns rclated to interpretation by reaching consensus,
and to allow flexibility in the assessment of outcomes. Thirdly, traditional types of
tests and examinations should continuc as long as they are not the only form of
asscssment; and they should be designed within the context of OBE. Lastly, skills
cannot be divorced from content. Even though the emphasis on content has shifted, 1t
remains very important and should be taught properly. The CTA is a typical example
of how skills and content arc integrated; and an analysis of the performances of
learners (in this present study) on certain sections of the work may determine whether
or not this is truc. It will also attempt to find out whether teachers are comfortable

with the new approach to asscssment.

Although, the system of OBE has been borrowed mainly from Australia, onc should
bear in mind that the contexts of the two countries are very different (Malcolm, 2001).
Firstly classes in Australia, are smaller (25-28 learners) compared to South Africa (35-
50 lcarners). Most schools in Australia can be considered to be more or less in line
with South Africa’s former Model C schools, which can be regarded as relatively
‘advantaged schools’ (see page 27). Australian schools are well resourced — unlike
most South African schools. Although both countries are multicultural, in Australia
the majority of learners spcak English at home (Malcolm, 2001). In South Africa, it
has been reported that some Xhosa learners who attended multicultural schools spoke
English both at homc and at school, but that thc majority of learncrs were

disadvantaged by thc dominant language, English (Mda, 2004).

The main purposes of assessment, as stated in the Revised National Curriculum

Statement (RNCS) (DoE, 2002¢:77), would be: “to enhance individual growth and
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development; to monitor the progress of learners; and to facilitate their learning”. The
kinds of assessment that thc present study will mainly allude to are: formative
assessment, summative assessment and systemic assessment. According to the RNCS
(DoE, 2002c:77), formative asscssment “monitors and supports the process of
lcarning and teaching” and “feedback is given to cnable lcarners to grow™.
Summative assessment provides “an overall picture of learners’ progress at a given
time”. Systemic asscssment “is a way of monitoring the education system™ and *‘is

conducted at the end of cach phase of the General Education and Training Band™.

In the past, summative asscssment was the form of assessment that scemed to have
dominated asscssment in cducation. Levels of achicvement were measured only by
examinations and tests. The rccognition of a more potentially positive role for
classroom assessment in supporting lcarning and motivation has now created a school-
based formative asscssment model that mvolves an increased role for tcachers.
Although it could be argued that formative assessment has always been used as a form
of giving fcedback to learners, it has most definitely not been widely used as a
formalised continuous process where learners’ progress is regularly or continuously
monitored. According to Black (1998); Davis (1998); Gipps & Stobart, (1997) and
Shephard, (2000) a new form of continuous assessment in school classrooms have
been developed which gave all learners an opportunity to be assessed in many

different ways.

On-going, formal systemic assessment has only been performed with Grade twelve
learners in the past few years. Lately, in 2004, the CTAs were written nationally and,
in 2007, Grade 11 learners were also given an external cxamination. The CTA
differed slightly in its approach to the Grade 11 examinations in that it aimed to test
mainly skills. It consisted of Scction A, which targeted outcomes that were not best
asscssed in a ‘pencil and paper exercise’, i.e it emphasized performance-based
asscssment.  This section was to be taught to the learners and completed by the
learncrs before giving them Scction B. It assessed the individual competence and
focused on sclected specific outcomes and skills (DoE, 2002b). The content and
context was derived from section A, which meant that section A had to be covered
well before being tested in section B. Onc of the common purposes for all these

examinations was to monitor standards.



Chapter 1 : Introduction 11

According to Reddy (2006a), systemic forms of assessment - which can also be
referred to as achievement tests - have been conducted since the 1960s as a mecans of
increasing government’s accountability to improve the quality and performance of
learners within the educational domain. However, these accountability tests have
been criticised for their negative effects on teaching and learning, as belicved by
Shepard (2000:9), who stated that accountability tests “‘prevent and drive out
thoughtful classroom practices”. He argued that test scores are likely to increase
without a corresponding improvement in student learning.  These criticisms were
supported by those of Whitford and Joncs (2000) who also believed that
accountability tests would incvitably lcad teachers to pressurising the state into being
more specific with the content to be tested. According to Whitford and Jones (2000)
some believed that these standardised tests were good while others believed that
teachers’ professionalism was being reduced - since they were being obliged to teach
what others had designed, without taking into consideration their individual learners.
According to (Whitford & Jones, 2000), this would have a bad cffect on tcaching.
This could also possibly result in teachers - being held accountable — to leave for

schools with higher scoring learners. This view is supported by (Shepard, 2000).

1.6 The South African background and context of the research

1.6.1 The introduction of recent versions of the curriculum and curriculum policies

The South African Draft Assessment Policy in the General Education and Training
Phase, Grades R to 9, and Adult Basic Education and Training (ABET) (Department
of Education, DoE, 1998a) discussed and described asscssment as performing a
prominent role in educational reform and transformational education. Assessment
procedures in the apartheid cra resulted in a documentation of the negative cffects of
many types of examinations and testing. For example, the use of the Senior
Certificate Examination as a requirement for university entrance and the provision for
school leavers with a certificate resulted in a complicated system of subject

classification of Higher, Standard and Lower Grade examination papers.



Chapter 1 : Introduction 12

With the introduction of the new curriculum in 1998, an opportunity arose for South
Africans to transform thcir assessment proccdures from a “judgemental” to a
“developmental” form of assessment (DoE, 1998a:16). The document described the

inefficiencics with past asscssment practices as follows:

e an incrcasc in the failure ratec duc to promotion requirements, which in turn
resulted in an increasc in the drop-out rate of learners;

o need for teachers relying on written tests and end-of-year examinations;

J teacher-driven and traditional teaching and learning strategies;

e high failure rate in the Senior Certificate examination;

J examination marks were taken as the total assessment in ccrtain subjects for
lcarners;

. varied interpretations of continuous asscssment that proved to be problematic;

o a high rate of unemployment for school lcavers;

. lack of necessary skills from school leavers;

. lack of opportunity for lcarners with spccial educational needs; and

the lack of accountability with regard to learner requirements.

These problems of thc past have initiated an alternative form of continuous
assessment. This new type of continuous assessment allows testing throughout the
year. It involves work with many tasks and tests, and not just testing at the end of the
year. It is a structured process of collecting information about the performances of
learners measured against the Assessment Standards of the Learning Outcomes. This
information on learners’ work is usually kept in a portfolio. However, besides this
type of continuous classroom asscssment, the CTAs have been introduced as a form of
external national test — so that learners can be assessed in a number of different ways
instcad of in the past, where only written tests and end-of-year examinations were
considered. Also, the issue of accountability arose from the previous cducational
system. Being a national standardized test, a CTA can be used as a tool to comparc
how different schools are performing and, possibly, how schools could be held
accountablc. It can also be usced to implement recommended skills stipulated in the
RNCS (DoE, 2003b:20). The present study aims to cnlighten and inform policy
makers and teachers about the shortcomings or advantages of the new

transformational strategics now being usced by the Department of Education.
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The South African Draft Assessment Policy in the General Education and Training
Phase Grades R to 9 and ABET (DoE, 1998a:22) outhined that cffective and
informative assessment should:

o Have clear, direct links with the CO and LOs.
e Be integral to teaching and learning.
e Be balanced, comprehensive and varied.
e Be valid and fair.
e  Engage the learners.
e  Value the education and practitioner judgement.
e Be time efficient and manageable.
e Recognise individual achievements and progress.
e Involve a whole school approach.
e Involve parents actively.
e Convey meaningful and useful information.
e  Cater for learners with special educational needs.
e Be bias free and sensitive to the gender. race and cultural backgrounds and
abilities of learners.
e Improve the quality of learning.
(DoE. 1998a:22)

A more recent Revised National Curriculum Statement Grades R-9 outlined the
characteristics of assessing Natural Science as follows. It should be: *“‘transparent and
clearly focused”; “integrated with tcaching and lcarning™; “based on predctermined
criteria or standards™; “varied in terms of methods and contexts™; and ‘‘valid, reliable,
fair, learner-paced and flexible enough to allow for expanded opportunitics” (DoE,

2002c¢:77).

Since one of the dimensions of the present study has focused on performance of
learners and the factors that might have influenced the learners’ performance, it is
necessary to understand the effect of the past on the educational system. A brief
outline of the historical background of South African educational policy is described

below.

Prior to 1994, the National Party government elected in 1948 implemented the
apartheid education laws and the Bantu Education act of 1953. It managed to
segregate government schools racially for more than four decades (Jansen, 2001).
The apartheid government provided separate, racially divided but inequitable
education systems: the Department of Education and Training (DET) for *“Blacks”, the
Department of Education and Culture containing the House of Representatives (HOR)
for “Colourcds™, the House of Declegates (HOD) for “Indians” and the House of
Assembly (HOA) for “Whites”. These were funded unecqually with DET schools
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being the most adversely affected in terms of funding. According to the Draft White
Paper on Education and Training of South Africa’s national Department of Education
(DoE, 1994):

....the funding of education and training has been grossly unequal across the racial
and ethnic subsystems. A century or more of discriminatory provision entrenched
huge disparities in physical facilities, professional services and teaching quality.
(South Africa, DoE, Government Gazette 1994:9)

After apartheid, in the mid-90s policy-makers were faced with a huge challenge to
develop a new education system to serve the needs of the new democracy. This meant
that public and private resources had to be used wiscly to serve all learners under one

cducation system (Fiske & Ladd, 2004).

However, this failed to solve the problem of supplying an cqual and acccssible
cducation for every child. Despite the ANC’s promises of a frec cducation for cvery
child, this did not matcrialize. The post-apartheid government decided to encourage
public schools to be supported by public funds. Fiske and Ladd (2004) showed that
South Africa adopted a fees-based policy for a varicty of reasons which included the
limited availability of public resources and the pressure for local control over
education. They argued that this ultimately led to a situation where race was replaced
by class. This meant that children whose parents could afford to send them to good
public schools (Model C schools) were provided with a school with sufficient
resources, whercas children from lower socio-cconomic backgrounds did not
necessarily benefit since their parents could not afford to pay school fees. The middle
class children were still benefiting and the working class children who attended the
previously disadvantaged schools were more handicapped since schools were battling

to make ends meet with minimal school fees.

Another challenge with which the government was faced was developing a policy for
this new system of education. This resulted in a number of active political and
business groups coming to the forefront to participate in the structuring of this new
educational policy, as reported by Jansen (2001). These were the trade union
movement, the African National Congress (ANC) the apartheid state, the international
aid community, the business community, the non-governmental organizations (NGOs)

scctor and the National Education and Training Forum.
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All of these political and business groups contributed towards the policy after
apartheid in some way or other. Therefore educational change had economic, social
and political influences. Hence it can be argued that the teaching of school science
has been “influenced by various political and pragmatic pressures and constraints”

(Kind & Taber, 2005, cited in Taber, 2006:143).

Between the years 1994 and 1999 many new educational Acts of parliament were
passed which included: the South African Schools Act of 1996, the Further Education
and Training Act of 1998 and the Higher Education Act of 1997 which resulted in
non-racial universities and schools, compulsory education for all children and the
clection of governing bodies in all public schools (Manganyi, 2001). The White Paper
was another important document released in 1997 in which the government made a
commitment to “‘equity, justice and a better life for all” (Moja & Hayward, 2001:118).
The White Paper initiated the development of a new curriculum C2005 in 1997, which
was subscquently revised. Currently the implementation of the Revised National
Curriculum Statement continucs to base its Learning Outcomes for the General
Education and Training for Grades R-9 on the Critical and Developmental Outcomes
that were cncouraged by the South African Constitution and developed in a

*democratic process” (DoE, 2002¢:1).

An outcomes-based approach was favored due to the lack of confidence in the
traditional methods of teaching and training, which were content-based (DoE, 1998b).
Within the old content-based system, “asscssment was largely summative, norm-
referenced”, aggregative and “judgemental in nature™ (Killen & Vandeyar, 2003:122).
It emphasized factual knowledge and content; learners were assessed individually; it
was largcly driven as a need to prove that assessment had taken place to the relevant
authorities and placed little emphasis on critical thinking skills or on the needs of the

individual lcarners (Killen & Vandeyar, 2003).

Five of the Critical Outcomes (COs) stated in the Revised National Curriculum
Statement, which pertain to the present study, are given as follows. Lcarners should
be able to:

. identify and solve problems and make decisions using critical and
creative thinking.
. collect, analyse, organize and critically evaluate information.
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. communicate effectively using visual, symbolic and/or language
skills in various modes.

. use science and technology effectively and critically, showing
responsibility towards the environment and the health of others.

. recognize that problem solving contexts do not exist in isolation.

(DoE, 2002¢:1-2).

Three of the five Developmental Outcomes (DOs) stated in the Revised National
Curriculum Statement (DoE, 2002¢:1-2) pertaining to the present study, are that the
learners should: “reflect on and cxplore a varicty of strategies to lcarn more
effectively”; “participate as responsible citizens in the life of local, national, and
global communities™; and “be culturally and acsthetically scnsitive across a range of

social contexts”.

Each of the three Learning Outcomes for Natural Science and Technology, LO1, LO2
and LO3 (DoE, 2002c¢:6) — emphasizing scientific investigations; constructing science
knowledge; and scicence, socicty and the environment — represents, to a certain degree,

the attainment of the Critical and Developmental Outcomes.

The RNCS (DoE, 2002¢) states that the new curriculum endeavours to promotc values
that are important for personal development. The kind of learncr that is envisaged is
one whose actions will enhance a society based on respect for “democracy, cquality,
human dignity, life and social justice” (DoE, 2002¢:3). The document also identifics
the important role of teachers which hopes “to create a lifelong learner who is
confident and independent, literate, numerate, multi-skilled, compassionate”, with a
high regard for the environment “and the ability to participatc in society as a critical

and active citizen”.

Although huge cfforts have been made since 1994 to achieve equity in the education
system, the gap created by the apartheid system is too great to overcome within a
short period of time. The legacy of the apartheid system of education has resulted in a
large number of under-qualified science and mathematics tcachers; a lack of proper
facilities; and there is still a high Icarner-teacher ratio in the majority of South African
schools. The unfairness of the old government is cvident in that the majority of

learners in South Africa have been receiving sub-standard education (Sadeck, 2003).
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Consequently, the current government is faced with a huge task to remedy the past
situation. However, certain major decisions concerning the rationalization of tcachers
and the immediate implementation of a new education system have worsened the
situation since classcs arc still too big and the number of teachers in specialist subjects

like mathematics and science has dropped.

The National Education Policy Act of 1996, cited in the Draft Assessment Policy in
the General Education and Training Phase Grades R to 9 and Adult Basic Education
and Training (ABET) of 1998 (Government Gazette No. 18998), states that:

... the Minister shall direct that the standards of education provision, delivery and

performance throughout the Republic be monitored and evaluated by the

Department annually or at specified intervals in accordance with the object of

assessing progress in complying with the provisions of the Constitution and with

national education policy... (DoE. 1998a:33)
Prior to the introduction of the Act, there was no systemic monitoring of the quality of
the education system, except for the matriculation examinations. At present the main
objective of systemic evaluation is to assess the extent to which the vision and goals
of the educational transformation process are being achicved by the education system,
with particular reference to the General Education and Training (GET) and Further
Education and Training (FET) phases. It is also scen as a mcans of monitoring
standards. This will provide adequate and relevant information which can assist in the
formulation of policies and programmes for a qualitative improvement of General and
Further Education and Training band. Lastly, it 1s seen as a means to determinc the
strengths and weaknesses of the system on a periodic basis. This can be achieved by
providing feedback to all the participants in the system so as to put in placc processes
and structures that will assist in providing remedial measures to address the

weaknesses. At the same time note can be taken of the strengths to see how these

could be uscd to improve the system.

This ncw cducational transformation has had a great influence on teachers and their
teaching performance. For cxample, tcachers have had to prepare tasks with Icarning
outcomes, assessment criteria and rubrics and these have required time and
knowledge. According to Welton (2001), transformation required that all stakeholders
- which included learners, teachers and managers — should have understood the new
learning and teaching practice. Tcachers required major training to understand the

new approach to teaching and they needed to learn new skills and attitudes to learners.
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They needed to develop a practical understanding of what the new policies were; how
they could be implemented in practice, and how learning and teaching could be
managed in ways appropriate to the new paradigm. This meant that tcachers had to be
familiar with the new policy documents and to be able to interpret them. Sayed
(2002:29) belicved that there was a “mismatch between policy intention and policy
practice” which mcant that teachers were cither not interpreting the new policy

practicc or that the policy documents were too implicit.

Another factor that should not be ignored during any transformation period is that
each school deals with change differently. Some schools arc cquipped and can cope
with change immediatcly, while others arc not prepared for change due to limited
resources and under-qualified teachers. Contrary to this, cfforts to implement C2005
assumed that all schools were essentially the same and therefore all would benefit
from the same kind of training and implementation strategy. This argument has been
highlighted by Rogan (2000:119) who stated that “the process of change is an intimatc
affair that will play out differently in each and every school™; in other words it is

context-specific.

Consequently, it is an aim of this study to determinc how Grade 9 Ilcarners from
different schools — which are categorized according to their level of socio-economic
status (SES) - performed on the 2004 Natural Scicnce CTA. Follow-up studies could
determine how cach individual school type experienced the CTA, through interviews
with teachers and lcarners. The present study also looks at performances on cach item
and overall performance, but it docs not classify cach subsequent interview according

to school type.

From thc above discussion, it is quite evident that a variety of schools have developed
because of apartheid, due to geographical location and socio-economic background.
Hence I have consciously sought the inclusion of schools from different socio-
economic backgrounds in order to analyse the naturc and extent of their differcnces in

performance.
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1.6.2 Issues of accountability in assessment

As a ‘high stakes’ assessment, the GET certificate would be viewed as the exit point
of Level 1 of the NQF, and as a pre-requisite for admission to the Further Education
and Training band (Level 2 of the NQF). According to Wilmot (2004), the issuc of
accountability took on scveral new proportions.  Wilmot believed that the results of
the GET assessment would provide the state with information relating to the schools’
and the state’s performances in relation to the expected national standard (especially if
these results were published).  With the result, plans to improve performances of
under-achieving schools would be initiated as done in the United Kingdom (Wilmot,

2003).

Wilmot (2004: 11) pointed out that onc should also “be sensitive to the context and
circumstances of schools™, given the wide range of schools. This meant that the
socio-cconomic status of schools should be taken into account. Examiners in Britain
attempted to resolve the potential unfairness of absolute raw scores that did not take
into account the background and circumstances of schools by producing “‘benchmark
data™ which categorised schools, so that similar schools were compared, according to
Tate who was the chief executive of the qualifications and curriculum authority at the
time (Tell, 1998:67). In the present study, schools were categorized according to
school fees levied so that a fair analysis could be made. The issue of accountability
can be reviewed only by an analysis of learners’ performances among different
schools. However, there are many factors that influence learners’ performances.
Although accountability is not the focus of this study, the outcome of the analysis may
substantiate the argument concerning whether schools which are under-performing are

to be held accountable or not.

Wilmot also reviewed the issuc of accountability with regard to both the state and the
public.  Wilmot referred to Tell (1998) and his impression of accountability.
According to Tell (1998), schools would be obliged to maintain a good standard and

therefore would be kept alert as under-performing schools would be identified.

At present, school teachers and principals are kept alert by regular modecration

meetings, where results and assessment tasks are scrutinized among teachers from
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other schools and by a subjcct advisor. In this manncr a certain standard is monitored
and tcachers arc obliged to develop a good standard. However, many factors
contribute to teachers not asscssing the way they should. A recent study conducted by
Singh (2008) to dctermine whether or not 15 teachers in rural secondary schools were
coping with outcomes-based assessment has revecaled that the Natural Science
learning arca was not properly taught and asscssed by teachers due to poor preparation
causcd by a heavy workload. Thus accountability can be viewed as something good
that will or should improve the educational standard of schools. Camecron Dugmorc,
the Minister of Education and Culture in the Western Cape, has stated that schools
were to be held accountable for their performances, while support for
underperforming schools would be offered (Mangxamba, 2006:1-2). In the latter
case, if the ncw system is not achicving its goals, its credibility and legitimacy would

be challenged, i.e. the statc would be held accountable to the public.

The negative side to accountability is described in a study by Whitford and Jones
(2000). In Kentucky the state legislated performance based testing for all schools for
accountability purposes. This system rewarded those schools that were doing well
and teachers were rewarded with a salary bonus. However, those schools that did not
improve over a two ycar cycle werc to be held accountablc and teacher and
administrators were monitored. They argue that linking accountability to assessment
results in major repercussions. In the present situation in South Africa, these cffects
of national testing are very similar to thosc mentioned by Whitford and Jones (2000).
For example, great pressure is put on learners to do well in these tests and teacher-
learncr relationships have been weakened. Although tcachers are forced to teach what
the statc has agreed upon, tcachers have to concentratc on skills outlined by others.
This adds extra pressure on teachers and as a result they tend to ignore the needs of
individual learners. Since tcachers have been told what to teach and the pressure of
performing is high, it seems that the joy of creative teaching has diminished since
teachers have already been told to concentrate on the content areas of assessment.
These criticisms have been supported by Whiford and Jones (2000), who believed that

teachers and principals are stressed in attempting to improve marks.

Tate, in an interview (cited in Tcll, 1998:66), argued that “thc public naming and

shaming is painful — schools suffer, tcachers suffer, the reputations of schools suffer
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as well — but, on the whole, it scems like a sensible crisis response to a crisis

situation’.

Accountability therefore has advantages and disadvantages. In the former case, staff
members in schools arc made aware that their actions as far as assessment and
teaching arc concerned will be monitored. As a result, principals are obliged to keep a
watchful eye on teachers’ methods and assessment tasks to uphold their school’s
reputation. In the latter case, accountability for learners’ results can cause stress for
tcachers and principals who are striving to teach amidst discipline problems, a heavy
workload and bigger classcs. Also accountability for performance could result in
tcachers developing any form of testing to devclop test scores.  Although this present
study docs not look at these factors in particular, it is reported to be a significant

problem and should be investigated further.

1.6.3 Preparation issues

In South Africa, officials in the Department of Education decided to postpone the
GET certification process until the end of 2004 in order “‘to build capacity within the
system; to prepare teachers and learners for the assessment of outcomes; trial and
develop recording and reporting procedures™ (Independent Examinations Board, IEB,
Circular No 41/2002, cited in Wilmot, 2004:12). However, this postponcment was
necessary to make certain that the new cducational system was able to be

implemented without any problems (Wilmot, 2004).

1.6.4 Performance level issues

Performance level or learncr achievement, as described in the Government Gazette
(DoE, 2003c), recommended that learners’ marks be converted to percentages and

then to level descriptor codes so that they could be reported to parents.

According to Wilmot (2004), the percentages required for academic attainment, at
Levels 1-3 of the four-level grading system for schools, had been lowered. For
example, the performance range for Level 3 (‘achieved’) had been changed from

50%-69% to 40%-69%. This level category has dropped considerably and has been
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regarded by many teachers as a lowering of standards. Wilmot (2004) interpreted this
as a “stratcgic move by the state to reduce the risk of potentially high GET failure
rates” Wilmot (2004:12). This, she believed, meant that the state had poor
confidence in the new education system. Also, the lowering of GET levels, cspecially
in South Africa, whosc learners performed poorly in the Third International
Mathematics and Science Survey-R [TIMSS-R] of 1998/1999 (Howie, 2001),
suggested a “regression in terms of educational standards in South Africa” (Wilmot,

2004:12).

1.6.5 Issucs of promotion

The South African General Education and Training Certificate document (DoE,
2000:13) described the promotion of Grade 9 learncrs on the policy basis of leamers
demonstrating competences that reflected a balanced and “weighted spread over all
eight learning areas, through the combination of an institution-bascd continuous
assessment programme and an external summative assessment component”.
According to the document, the learner was to be promoted if he/she satisfied the
requircments of both the school-bascd assessment and the external summative
assessment. It mentioned that the school-based component of continuous asscssment
(CASS) was to constitute 75% of the final result and this was to be modcrated
cxternally. The external summative assessment was to constitute 25% of the final
result and was to be conducted through an instrument known as the Common Tasks
for Assessment (CTA), sct for each of the eight Learning Arcas (DoE, 2000). Section
A contributed 60% towards the CTA and Section B contributed 40% towards the CTA
(DoE, 2002b). The document (DoE, 2000) also described the role of the Council for
the General and Further Education and Training Quality Assurance (UMALUSI)
which was to provide mechanisms for assuring the standard of both CASS and the

CTA at the national lcvel.

Currently, the CTA can be regarded as a form of ‘systemic asscssment’. In 2003 the
DoE and the Independent Examinations Board implemented a series of CTAs in the
GETC nationally for the first time. According to the South African Policy Framework
for the Assessment and Promotion of Learncrs in Grade 9 (DoE, 2003a), the CTA

cxamination was to be set externally by the DoE in collaboration with the Provincial
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Departments of Education and marked internally. Therefore my current rescarch
study analyses the outcomes of the implementation of the Natural Science CTA of
2004. The Assessment Policy for Grades R-9 (Government Gazette 1998), cited in the
Government Gazette (DoE, 2003c¢:8) stated that moderation should be “carried out to
ensure that appropriate standards arc maintained in the assessment process™ and that

“the CTA will also serve as a validation tool for CASS™.

1.6.6  Problematic issues in asscssment using CTAs

According to Muller (2004:235), problems arose in the development of the
instruments because the “under-specification of C2005 provided no common content
on which to basc the tasks™. Although it was the aim of the CTA to test skills more
than content, skills and content were very difficult to separate. As a result, the
cxternal examiners themselves had to develop Section A that included the necessary
content required by learners and teachers for them to answer Section B (Muller,
2004). This resulted in the CTA being too long because of the content. This would
have been avoided, had C2005 (DoE, 2002¢) been more specific in describing content,
which is something to which I will refer in Chapter 4. Problems also arose which
involved the translation, distribution and training of the teachers in the CTAs (Muller
2004). Only certain schools wrote the 2003 CTAs as they were not compulsory back

then.

Hence, in this dissertation it was anticipated that an analysis of the 2004 Grade 9
Natural Science CTA results, and the interviews with Grade 9 teachers embedded in

the changes, might also reveal any implementation problems with regard to the CTAs.

1.7 The purposes of the research and its research questions

The focus of the current study was on investigating the responses of conveniently
available diverse classes of learmners, who attended schools of different socio-
economic status based on school fees as indicators, to Section B of the 2004 Grade 9
CTA Natural Science test paper, two hours long, a copy of which is reproduced in
Appendix I. The lecamers’ performance scores in the Western Cape werce rcadily at
hand for the purposes of the initial quantitative investigation and the qualitative

development of subsequent interviews, which were to:
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identify concepts in the test items that the learners had difficulty in answering;
¢ identify any process skills in which the learners underperformed;

e judge whether the CTA test paper as a whole might be too easy, too hard, or at a
rcasonable level of ditficulty;

e discover whether misconceptions or misinterpretations were evident in the
learners’ responscs to individual test items in the Natural Science CTA;

e measurc and try to account for differences in CTA performance score means
between groups when they appeared to be associated significantly with
differences in gender, levels of socio-cconomic status (SES) and home language;

e detect whether there were shortcomings in the design and wording of the CTA; for
example, with regard to layout, ambiguity, clarity, appropriatencss for RNCS
(DoE, 2002c) and diagrammatic representation;

e make evidence-based recommendations for the future usc (or discontinuation) of
CTAs in Natural Scicnce as a form of mass-testing at the Grade 9 level;

e record, analyse and cxplain problems encountered by local schools; and possibly,

discuss and evaluate the soundness of selected national curriculum statements.

This study has not looked in depth at each possible contributory factor that may have
influenced learners’ performances. Instcad it provides the reader with disclosed
problems associated with the implementation of the CTA. It judges the CTA as a
potential tool for asscssment in the South African context and provides suggestions

and recommendations for future CTAs and their implementation.

Hence, in pursuance of the aim of the study, answers were sought to the following

questions:

1. How did a sample of 1572 learners and their teachers expericnce the 2004 Grade 9
Natural Science Common Tasks for Assessment (CTA), Scction B, as a potential
instrument of performance and educational achievement?

2. Why did the lcarners perform in the ways that they did, and what deeper insights
into the learners’ achicvements on the CTA were gained when their responscs

were analysed?

The morc detailed derived auxiliary-questions pertaining to a range of schools and

contextually-based variables are sct out comprehensively in Chapter 3.
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1.8  The importance, significance and value of the research

It is anticipated that the findings of this investigation may be of potential value to
futurc lcarncers, teachers, curriculum planners and CTA examiners. In addition to
identifying performance strengths, this study has engaged in identifying and sclecting
certain CTA-related aspects in the teaching and learning of science across schools
such as learners’ misconceptions, lack of skills, misinterpretations and inadequate
‘prior knowledge’ that might hamper their further understanding in higher grades.
The findings emanating from this study may be valuable in that they could inform
science teachers of the common problems that their lecarners encountered, as well as
their learners’ positive accomplishments. If the learners participating in this study
were found to hold inadequate and widespread conceptions of certain concepts in
scicnce, it scems probable that many present and future Grade 9 learners might also
hold similar misconceptions. The findings of the study might also prove to be
informative and useful to science teachers in the design of their future lessons and
instructional practices. In other words, by identifying and documenting the problems
that Icarners appear to have experienced during the past few years (with some of these
local findings linking to those of other previous studies), cognisance may be taken of
these specific aspects of learning to try to alleviate the inconsistencies where they

appear to prevail among the schools.

Past studies elsewhere have also revealed statistically significant differences in the
performances of learners based on their grade level, school type, student type and
socio-economic background (SEB); c.g. the learners from high SEB schools have
tended to outperform those from low SEB schools (Ainley, Graetz, Long & Batten,
1995; Beaumont-Walters & Soyibo, 2001). Such findings may be used to justify the
future funding of compensatory intervention programmes or bridging action in

schools.

It 1s hoped that this study will also be of bencefit to curriculum planners and CTA
examiners by imparting information derived from an in-depth analysis of learners’
responscs to test items and questions - with regard to noting test designers’ possible

shortcomings in: layout, degree of abstraction; ambiguity, content appropriateness for
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the RNCS (DoE, 2002c), diagrammatic rcpresentation, and the validity of the test

1tems examined.

Becausc the CTAs were implemented fully in schools only in 2004, when they were
written nationally as an external examination, many problems were expected to
surface; and so in this study I have attempted to identify these problems. Thercefore it
is hoped that the recommendations supplicd or discussed at the end of the dissertation
will be of valuc to the devclopment of possible future external CTA tests, for

cducational use by tcachers and curriculum planners.

1.9  Clarification of terms

¢ QOutcomes-based Education (OBE)
An outcomes-based education is aimed at providing all learncrs an opportunity to
achieve to their highest ability. This is accomplished by a sct of outcomes which is
stipulated as the process which favours a learner-centred and activity-based approach
to learning (DoE, 2002c¢).

e QOutcomes

The “results at the end of the lcarning process in outcomes-based education; these

outcomes help shape the learning process”™ (DoE, 2002¢:86).

e Assessment

“A continuous planned process of gathering information on learner performance,

measured against the Assessment Standards™ (DoE, 2002c:3).

o Common Tasks for Assessment (CTAs)

“Common Tasks for Assessment may be set at national, provincial, district or cluster

level, are conducted at school level, and are moderated externally” (DoE, 2002¢:79).
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o Assessment Standards (AS)
Asscssment Standards “‘describe the level at which learners should demonstrate their

achievement of the Learning Outcomes(s) and the ways of demonstrating their

achicvement™ (DoE, 2002¢:76).

e Science process skills

“The term *process skills” refers to the lcarner’s cognitive activity of creating meaning
and structure from new information and cxperiences. Examples of process skills
include observing, making mcasurcments, classifying data, making inferences and
formulating question for investigation™ (DoE, 2002¢:13). The skills investigated in

this present study have been identified and listed in Chapter 3, pages 73-74.

¢ Model A, Model B and Model C schools

Model A government schools arc thosc that were previously referred to as the race-
based ‘white’ schools administered by the House of Assembly (HOA) and whose

parent bodies decided not to admit learners of other races.

Model B government schools are those that were referred to as the former racially
‘coloured’ and ‘black’ schools administered under the House of Representatives

(HOR) and the Department of Education and Training (DET), respectively.

Model C schools are those that were referred to as the former race-based ‘white
schools’ which fell under the House of Assembly (HOA) and whose parent body
decided to admit students of all races from 1990 onwards (Fiskc & Ladd, 2004).

¢ Socio-economic status (SES)

In this investigation the relative socio-cconomic status level of a school has been
defined and ranked in terms of the magnitude of the school fees levied (Attwood,

2003).
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1.10  Methodology: The research approach

The research approach adopted in this investigation was sclected to cnhance in-depth
cxplanation, and so utilized a multi-dimensional combination of qualitative and
quantitative methodologics. The implementation of the research strategies developed
procedurally through four phascs and, during cach phase, various research methods

were used. These are summarized as follows.

Phase | involved a review of the literature, the generation of a provisional focus
question and a pilot study which was conducted using an ex post facto rescarch
mcthodology. During this phase the first data-gathering instrument, the 2004 Natural
Science CTA was accepted for investigation and the outcomes of the pilot study were

summarized.

Phase 2 then derived and clarificd two focus questions; and presented a number of
quantitative and auxiliary research questions; it described the samples of schools
selected for the enlarged studys; it listed the dependent and independent variables; and
it outlined the intended analytical rescarch tools — such as the calculated means,
standard deviations, tests for normality, the appropriate sclection of either parametric

or non-parametric tests, correlations and factor analyses.

Phase 3 of thc investigation focused on the design and implecmentation of the
qualitative follow-up interviews; and it described criteria for the selection of the six
participant teachers and 52 learners. Their contexts were also noted. Then a process
of triangulation was adopted as a rcscarch strategy for possibly confirming or
explaining the quantitative results and for developing analyses, inferences and
linkages from the results in the context of the work of Green and Naidoo (2006),
Reddy (2006a), Sicborger (2004), Taber (2006) and Wilmot (2004),

Phase 4 of the present study generated the research conclusions, implications and

recommendations.

Figurc 1.1 represcnts the flow diagram of the structure and development of the thesis.
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1.11  Motivation for the study

Many circumstances and factors prompted and motivated this study. However, two of

the most important were as follows:

J The importance and significance of CTAs for teaching and the curriculum

As a teacher, I was under the impression that the implementation of the innovative
CTAs in 2003 seemed to have cvoked mixed feclings — mainly ncgative — among
teachers, parents and students. A report produced by Wilmot (2004) also motivated
this study. Only after a piloted Human and Social Sciences (HSS) CTA had been
trialled in 2002 - at the Dioccsan School for Girls and at St. Andrew’s College in
Grahamstown - were the local history and geography teachers prepared to implement
and cvaluate the CTA in their schools in 2003. Wilmot’s (2004) report documented
the process through which geography and history teachers and an cducation lecturer
implemented and analysed the first national application of continuous asscssment (the
CASS) and the CTA for the Gencral and Training Certificate (GETC), in which the

CTA rcsults were also analyscd.

This present study, although conducted differently, has also attempted to give a
comprchensive account of the many facets of the implementation and outcomes of the
CTA as an innovative educational intervention. It has attempted to provide a selective
but detailed analysis of 2004 CTA performances in Natural Scicnce and 1t has outlined
possible extrapolated shortcomings in the curriculum and in teaching methods with
regard to certain concepts and process skills, and in the content and structure of the
CTA itself, in order to feced results from the study dircctly into both institutional

teaching and the curriculum development processes.

J The previous experience of the researcher with teaching the Natural
Science CTA

My expericnce with teaching Natural Science at the inception of OBE — with its

emphasis on process skills, Learning Outcomes and Asscssment Standards — and my

teaching the 2003 Natural Scicnce CTA motivated me to undertake this study. My

interest in the teaching of process skills and its emphasis in the curriculum initiated a
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literaturc review (Beaumont-Walters & Soyibo. 2001; Donnelly, 1987; Rollnick,
Lubben, Dlamini, Lotz & Irving 1999; Sadeck, 1999; White, 2003), the findings from
which scemed to resonate with my tcaching cxperience. This indicated that many
learners and teachers had cxpericnced problems with acquiring and learning certain

process skills.

1.12  Assumptions of the study

[ have assumed that in 2004 the learners were taught CTA Section A thoroughly prior
to their attempting to answer Section B which has been formally analysed in this
current study. I have also assumed that the learners™ CTA (Section B) answers were
marked fairly and professionally by all tcachers using the memorandum supplied to
them for this purpose. Another validity assumption was made relating the presumed
SES level of a school and its community to the amount of the school fee levied

annually.

1.13 Limitations of the study

The enlarged, comprehensive study presented in Phase 2 of this investigation was
limited to learners from twelve schools in the Western Cape who were willing to offer
their performances on the Natural Science CTA for analysis. Although the schools
differed in socio-economic status, the learners in the twelve schools were
predominantly English- and Afrikaans-spcaking. Therefore the sample was not fully
representative in terms of language. Only 17% used English as a second language.
For at lcast some of thesc students the CTA language of presentation might have acted
as a partial barrier, and this possibility was considered to be a limitation in the

research methodology.

In 2004, both Section A and Section B of the CTA were presented and answered by

the learners in either English or Afrikaans only.

There were other possible limitations. For example, not all school principals initially

approached were enthusiastic and therefore several did not allow me to analysc their
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CTA scripts. Furthermore, some of the answers in the CTAs were not completed by

all learners because of time restrictions.

1.14  Chapter summary

In this chapter the research problem, its origin, context and background have been
clarified and its purposes and significance stated. The aims of the research, key terms
and limitations of the investigation, rcscarch questions, assumptions and variables
have been presented. The literature on performance testing, continuous assessment
and common tasks for assessment and outcomes has been introduced. The rescarch
design and methodology have described the data-gathering phases and procedures:;
and the initial treatment, processing and methods of analysis of the data have been

indicated.

1.15  Organization of the remainder of the dissertation

The next four chapters have been arranged as follows:

Chapter 2 presents the relevant litcrature review in three sections; Chapter 3 explains
in more detail the methodology, design and implementation of the research proccss:
Chapter 4 presents the results and discusses the findings of the rescarch; and Chapter
5 draws conclusions and implications and makes recommendations bascd on the

findings and the discussion of these results.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This literature review is presented in three sections. Each section is derived from and
links to the title of the dissertation and to the research questions specified in Section

1.7 of Chapter 1 pertaining to the Natural Science CTA.

The first scction of Chapter 2 presents an overview of current issues and debates in the
field of school academic performance testing and assessment.  The sccond section
introduces factors that have been identified as possibly influencing learners’ academic
performance. The third scction describes assessment in the context of the Common
Task for Assessment (CTA) in South Africa and also reveals some literature-derived
problems related to the implementation of Common Tasks for Assessment in the

classroom.

2.2 Constructivism and assessment

Constructivism is a theory of lcarning that has had significant influence on science
education rescarch, teaching and learning at all levels. It has been viewed as having
the most obvious influence on the science curriculum since 1980 (Fensham, 1992).
Constructivism 1s based on the belief that humans construct knowledge, more
particularly scientific knowledge, personally and/or socially on the basis of what they
already know. Driver, Squires, Rushworth and Wood-Robinson (1995:2) reports that
“*children have ways of construing events and phenomena which arc coherent and fit

’

with their domains of experience...”. They believed that childrens’ experiences are

often sensory and can result in the development of a conception that differs from the

LIS

scientific explanation, viz. ““altcrnate conceptions™, “misconceptions”, ctc.

From the social constructivist perception, the learner and social influences cannot be
separated (Palincsar, 1998; Wertsch, 1997). Thus it is important to take into account

the social background of the learner since it has an affect on the learner’s



Chapter 2 . Literature Review 34

performance. According to Vygotsky (1962), cited in Black (1999), learning is
strongly rclated to the social context that it takes place in and the discourse within the
learning environment. Therefore there is a strong link between the asscssment uscd
and the outcomes. With this in mind, it has been argued that assecssment should be
carefully implemented to avoid any form of bias pertaining to gender, social, cthnic
and linguistic groups (Black, 1999). 1t is partly in the light of this theory that this

study is based on social constructivism.

This study looks at the CTA in relation to lcarncrs’ performances. The CTA
framework document states that Scction B “reflect a transfer of skills from scction A™
and “asscsses individual competence” (DoE, 2002b:10). This study will judge the
standard of the CTA by identifying the level of competences used in the CTAs based
on the application of the various process skills identified, classified under thesc
competencc levels. It will also judge the quality of the CTA by looking at reasons for
learners’ performances. It is not a complete criticism on the CTA but identifies its

strengths and weaknesscs as a tool for assessment.

The particular part of the education system of interest for this study is the curriculum
and its naturc. Thus it was necessary for this study to borrow from Green and
Naidoo’s (2006) framework, based on competence levels and process skills. Their
framework was relevant to this study in that it classified the various process skills
which have been cmphasized in the curriculum (DoE, 2002c¢) and which will be
identificd in this study, underneath each different cognitive compctence level. In this
manner, the strengths and weaknesses of competence levels of different lcamers could

be judged according to gender and type of schools.

Also, what is important to this study are the four aspects of the curriculum. The
intended curriculum (the intention of the cducational system); the implemented
curriculum (instructional practice); the perceived curriculum (learning expericnces by
the learners) and the achicved curriculum (the outcomes of learners) as defined by
Mills and Treagust (2002), cited in Bansilal (2008) and Reddy (2006a). The abovc
four aspects will provide a greater insight of the results in terms of whether the noblc
intentions of the department has been achieved or not and whether or not there is an

identifiable mismatch of the intentions of thc intended curriculum and the
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implemented curriculum on the one hand and the perceived and achicved curriculum
on the other hand. The inter-relatedness of these ideas will be revealed in the results

and discussion.

The CTAs were used as an instrument to determine how learners performed. Whether
there was any form of bias with regard to the instrument uscd would be ascertained or
not.  This study does not particularly focus on onc aspect of possible bias but
provides insights into possible factors that could have hindered the learners’
performances, based on the above theory, results of the analysis, design of the CTA

and past studies.

2.3 An overview of current issues and debates in the field of school academic
performance testing and assessment

In this section, assessment is defined in various ways, and then its rolc in the
educational system nationwide is discussed. It also elaborates on the purposes of
standardised testing, criticisms levelled against standardised testing, issues in
formative assessment, and finally how these all relate to the context of the present

study.

2.3.1 Operational definitions

Assessment is and has always been an intcgral part of education. Classroom
asscssment can be used in a varicty of ways. It can be used formally, which involves
cxaminations and tests, or informally which involves observations and oral
questioning (Shepard, 2003). Each type of asscssment serves a particular purposc.
For example, it can be used formatively, by providing positive feedback to learners to
improve learning. It can also be used summatively to report on the achievement levels

of lcarners.
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To asscss means to mecasurc something in context. Black (1990:27) supported

asscssment with a quotation taken from the Task Group on Asscssment and Testing
(TGAT) report:
Assessment is at the heart of the process of promoting children’s learning. It can
provide a framework in which educational objectives may be set and pupils’
progress charted and expressed. It can provide a basis for planning the next
educational steps in response to children’s needs. By facilitating dialogue

between teachers, it can enhance professional skills and help the school as a whole
to strengthen learning across the curriculum and throughout its age range.

Shepard (2001) provides a detailed discussion on a reformed assessment based on
social constructivism. She believed that asscssment could only benefit teaching and
learning through a constructivist approach. This paradigm shift is in contrast to a
behavioural approach to tcaching and learning. She argucd that a behaviourist
approach to asscssment defeated its purpose in improving learning, since a learner’s
success in answering certain basic familiar skills were regarded as mastering a
learning objective. She argucd that this stalled lcarning of higher competence levelled
skills like rcasoning and problem solving skills. For a constructivist form of
asscssment to be implemented and practised, depended on the teaching approach and
interaction of tcachers with their learners. According to Shepard a morc dynamic
form of assessment integrates a constructivist theory, the reformed curriculum and

classroom assessment.

From a constructivist perspective learning was “socially and culturally developed”™
(Shepard, 2001). This mecant that children entered school with their own existing
knowledge developed over the ycars through interaction with their parents and other
adults. According to the theory of constructivism, knowledge is constructed (Shepard.
2001). Therefore eliciting prior knowledge from learners and taking into account their
social and cultural background could cnhance the learning process by providing
information to teachers to rectify or build on this knowledge. Based on past rescarch.
Shepard stated that truc understanding can only occur if learners are able to transfer
skills from one situation to the next. Thercfore it is important that learncrs have

enough practice in a varicty of skills and different situations.

This learning theory (social constructivism), initiated a ncw principle in a revised

curriculum which believed that ““all students can learn” (Shepard, 2001: 1095).
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Therefore it is important to provide all learners with an equal opportunity to do

challenging problems as well.

In order for the new theory to be compatible with teaching and learning, changes in
asscssment should be implemented in the classroom.  These changes have been
discussed by Shepard. They include: more thinking and problem solving skills and
self assessment by lcarncrs so that they view asscssment as a means to improve
lcarning instcad of viewing it as an cnd to a scction and probing misconceptions

through eliciting prior knowledge.

According to Bennett (2003:221), arguments around assessment have included issues
“such as the form it might take, what should be asscssed, the extent to which teachers
should be involved, how often assessment should take place and what should be done
with the data on lcarners’ performances”. Onec of the purposes of the CTA is to
“promotc a common standard”, as ecmphasized in the RNCS (DoE, 2002c: 79). This
purposc secmed to have broadened the debate (Bennett, 2003).  Although there arc
many obstacles obstructing this form of systcmic assessment, it can be usced in a
positive manner. It can be used to determine the strengths and weaknesses of lcarners
by eliciting the knowledge, skills and reasoning abilitics required to reach a common
standard as revealed by this study. It can also be used to upgrade teachers’
performance to tcach to a certain standard by improving the use of formative

assessment as agreed upon by Shepard (2003).

2.3.2  Purposcs of national assessment and standardised examinations

National public examinations play an important rolc in education systems all over the
world. For example, in Africa alone, at least 65 different school examinations are
currently administered at different levels (primary, secondary or scnior sccondary)
across 25 countries (World Bank, 2001). National public examinations are a key
featurc in the South African school system. These examinations include Grade 9,
which marks the end of compulsory cducation for all children and Grade 12, which
marks the end of formal schooling. Although countries may vary in their purposes for
national examinations, common purposes are: “to control and monitor standards”; to

AP

“identify and select learners into the next grade level™; “‘to certify learners at the cnd
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of schooling™; and most likely to be used “as an accountability tool for teachers and

schools” (Kellaghan & Greancy, 2003, cited in Kanjee, 2006:72; Shepard, 2003).

In the United States, three purposes of assessment wcre identified as follows:
summative assessment — which provided a general idea of learners’ progress at a
given time; formative assessment — which provided feedback on learners’ progress so
that tcachers could improve classroom practices and accountability - which attached
“strong incentives and sanctions to performance on state and local asscssments”

(National Research Council, 1999, cited in Bell & Cowie, 2000:538).

In this study lcarncrs’ results arc analysed on their performances on Section B of the
CTA, which is based on performance tasks done mainly in Scction A. The CTA is a
tool that can be used to improve learning if cnough time is spent on formativc
assessment. According to Wiggins (1993), if performance asscssment is used to
improve lcarning then learners should be assessed on what is stipulated in the
curriculum and feedback should be given immediately. He argued that if a state is
only interested in the marks of learners for accountability purposcs then it does not

consider thesc principles.

2.3.3 A critique of standardised testing

Standardiscd testing internationally has been a common trend during the past few
years in order to benchmark performances between countrics. Research done on
standardised testing has rcvealed that it has different purposes. For example, in
America public schools administer annually more than 100 million standardiscd
examinations (Weaver, 1996). According to Weaver, these include readiness tests, to
determine whether a child is ready for school; screening tests, to determine if a child
has a learning disability or gifted in any way; intclligence tests, which mecasurc
intellectual ability; and achievement tests, which measure a limited range of skills and
content. There has been wide criticism against standardised testing. Wecaver
describes some of these criticisms as: bias in favour of the middle-class learners who
have a culture and upbringing similar to that of test-makers; bias against females; bias
against children of colour; bias against children from lower socio-cconomic

backgrounds and bias against children who come from rural arcas. Another argument
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against standardised testing, which Weaver mentions, is that it tends to diminish the
curriculum. In many cases teachers tend to teach to the test, since they are concerned
about their learners’ performance, and so less time is spent on engaging in cffective

and meaningful learning (Weaver, 1996).

This study has investigated a form of standardised testing nationally in the Western
Cape in South Africa. Comparcd to the many standardised tests done in Amcrica,
which include mainly multiple-choice questions, the form of testing in this study was
mainly performance-based testing, including varied tasks with a number of questions.

The description of the questions will be discussed in chapter 3.

2.4  The 2004 Natural Science CTA and the conceptualization of knowledge at
the Grade 9 level: the broader theoretical framework
One of the dimensions of this study was to analyse learncrs’ performances and the
factors that may have influenced their level of achievement. Thercfore it was
important to provide a description or breakdown of the conceptualization of
knowledge at the Grade 9 level in order to cstablish the standard of the CTA and
whether it was set for all learners or only certain Iearners who are above average. This
framework could also help in identify certain inadequacies in learners regarding their

competence levels which could have contributed to learners’ performances.

The conceptualization of knowledge in the 2004 Natural Science CTA based on the
Grade 9 Natural Science curriculum will now be described in relation to the
theoretical framework of Green and Naidoo (2006). The analysis resulting from this
study will be very informative to teachers and curriculum developers in terms of level
of competences identified in the CTA and possible reasons why and how learners’
performed. Green and Naidoo analysed and compared the contents of the Grade 10
Interim Physical Science curriculum document (DoE, 1995b), and the National
Curriculum Statement (NCS) for Physical Sciences (DoE, 2004a), to investigate
changes in knowledge valued in the policies. A multi-dimensional approach was used
in analyzing the documents. However, I have only used certain parts of their
framework that is related to this study. The NCS for Physical Sciences (DoE, 2004a)
draws and builds on thc model of Skills, Knowledge, Attitudes and Values (SKAV)
developed in the Natural Science (NS) learning arca in the GET (DoE, 2002c).
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Similarly, the thrust of the three LOs in the Western Cape Education Department
hybrid, which was an intcrim measurement for Physical Science; in the GET (DoE.
2002a) and in the FET for Natural Science and the Physical Sciences (DoE, 2004a)
arc virtually the same. Hence, I will now rcfer to certain parts of their study as a
model to describe the Revised National Curriculum Statement (DoE, 2002¢) and the

Natural Science CTA.

Some competences should be assessed in the CTA tasks (Section A) and further tested
in Scction B. The following competences to be tested were: cognitive competences.
meta-cognitive competences, social competences, affective dispositions and motor
compctences (DoE, 2002b:12). This present study will only look at the cognitive
competences since the other competences can only be assessed through observation of

learners.

Green and Naidoo’s framcwork was designed to identify the degree of competence
levels presented in the Physical Science documents. They used Verhage and De
Lange’s (1997) method of grading the cognitive level of competences. Below is a
table of the classification of competence levels. The cognitive competences consisted
of meta-cognitive competences, advanced cognitive compctences and complex
cognitive competences. Each competence level composed of a set of skills of which
most were identified as process skills in the RNCS (DoE, 2002¢). Since this study
concentrated mainly on the performances of learners in the CTAs, the framework for
cognitive compctences was used as a good analysis to decipher the level of

competences used in the CTA and learners’ overall performances in them.

With regard to the cognitive competences, the lowest level concerned “the knowledge
of objects, definitions, technical skills and standard algorithms™ (Verhage & Dec
Langc, 1997:15). In other words the simple cognitive competence level entailed rote
learning, which was the main focus in the past apartheid curriculum. Questions based
on these competencces required learners mainly to recall, to define and to state any past
knowledge. The middle level, classified in the table below (see Table2.1) required
learners to use the process skills mainly emphasized in the Revised National
Curriculum Statement (DoE, 2002c¢). It referred to the complex cognitive

competences. For example: to predict, to hypothesize, to interpret, deduce, conclude.
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and to generalize. According to Beaumont-Walters and Soyibo’s (2001) classification
of skills, the complex cognitive competences are mainly composed of integrated
skills, which they classificd as higher ordered skills with the exception of “prediction’
which they regarded as a basic skill (see Table 2.1). Hence, the middle complex
cognitive level required learners to rclate and integrate two or more concepts. The
questions associated with such a level were not straightforward questions and allowed
morc than one answer. Learners were expected to be able to “read carefully, rcason
well and make decisions” (Green & Naidoo, 2004:75). The highest level involved
complex matters such as scientific enquiry, scientific reasoning and scientific
investigation (scc Table 2.1). According to Green and Naidoo the highest level was

represented by meta-cognitive competences and advanced cognitive competences

Some examples of cognitive competences coded at different levels of complexity arc

presented in Table 2.1. Each competence level has different process skills.

Some examples of DoE (2002c¢) sentences which I interpreted and coded in terms of
complexity of competence, using the categories (i.e. different process skills) described

in Table 2.1 are:

...identify and solve problems and make decisions using critical and creative
thinking (metacognitive) (DoE, 2002c¢:1). The process skills, “identify™ , “problem
solving™ and “decision making™ is classified under metacognitive competence.

...the learner will know and be able to interpret and apply scientific. technological
and environmental knowledge (complex cognitive) (DoE. 2002¢:9). The process
skills “initerpret”. and “apply” are classified under complex cognitive competence.

...the learner can recall meaningful information when it is needed (simple
cognitive) (DoE, 2002¢:9). The process skills “recall™ is classified under cognitive
competence.

...the learner searches for information from books and resource people. generates
products and questionnaires, collects data and materials from nature or industry,
creates testable questions and fair tests, and explains conclusions (advanced
cognitive) (DoE, 2002c:8). The process skills used here are: to “conclude”,
“arrange” data, and “report” information. These are classified under complex
cognitive competence.

“Do you think the children can use the plug for the TV to boil water in a kettle rated
at 220 V: 1.5 kW AC? Give a reason for your answer.” (metacognitive)
(DoE. 2004b:3). Here the learner has to make a decision.

“Which variable do they change (independent variable)?™
Here the learner interprets information from the table to decide which variable will
change (hypothesizing) (complex cognitive) (DoE, 2004b:5).

“Give the conclusion the children reach using the graph of their results.” Iere the
learner has to draw a conclusion (complex cognitive) (DoE, 2004b:5).
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“List one advantage and one disadvantage for the children’s family of using
propane gas.” Here the learner has to interpret information, make an inference
and evaluate the line graph. (complex cognitive) (DoE, 2004b:10).

“Use the key given with the diagram and write down a balanced equation for the
reaction that occurs when ethane burns.”

llere the learner has to recall meaningful information e.g. the learner has to know
what the ethane formula is from Section A. (simple cognitive) (DoE, 2004b:9).

“Can the TV be connected in series with the light bulbs?” Iere the learner has to
recall information on series and parallel connections (simple cognitive) (DoE,
2004b:3)

Table 2.1: Examples of cognitive and socio-affective competences coded at
different levels of complexity (adapted from Green and Naidoo 2006:76)

Cognitive competences

Meta-cognitive Advanced Complex cognitive Simple
competences cognitive competences cognitive
competences competences
Creative scientific apply: predict; observe;
thinking; enquiry; transfer: make state; recall;
critical thinking; | problem decisions; plan; draw; select;
holistic thinking; | solving; organize list; describe;
analytic scientific information; note; define.
thinking; investigation; | evaluate
entrepreneurship; | construct information;
scientific science synthesize;
reasoning; and knowledge; hypothesize;
understanding. work communicate;
scientifically. | analyse; design;

identify; debate;
explain; generalize;
interpret;
determine;
distinguish;
examine;

arrange; calculate;
deduce; conclude;
compare; report;
discuss; summarize.

2.5 Issues of assessor competence

Each CTA, required self -, teacher — and pecer assessment and this demanded a high
level of compctence in teachers both as assessors and curriculum developers.
However, according to Wilmot (2004) this was not the case — most tcachers were not
equipped with the necessary skills which were nceded to implement the new
continuous assessment (CASS). I do believe that this problem developed duc to lack
of proper training for teachers and a transformation in education that was introduced

by the same time that many teachers lost their jobs and took the package because of
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rationalization. This created more problems - for example; classes were bigger,
tcachers were stressed and more time was spent on disciplining lecarners.  The
advantaged schools, former Model C schools could afford to employ more teachers
who were paid by the governing body. Thus many of their tcachers were more
motivated to learn the new skills since their classes were manageable. Although both
CASS and the CTAs contributed towards the GETC, Wilmot believed that since
CASS carried greater weight i.e. it counted 75% while the CTAs only counted 25%,
validity and reliability questions would arise — c¢.g.  Whether or not there should be
“more externally controlled standardized asscssment at the expense of CASS?”

(Wilmot, 2004:8).

2.6 Possible factors that influence learners’ academic performance in science

This section of the literature review introduces and discusses possible influences on
academic achiecvement, performance and attainment in schools, namely: learners’
socio-economic status; gender; and learners’ ignorance and misconceptions in the
particular science topics: electricity, graphs, imagery in chemistry, the interpretation

of diagrams and technical terminology in language.

2.6.1 Socio-economic (SES) factors and performance

Socio-economic status scems to play a major role in mathematics and science
achievement scores. This has been revealed by numerous rescarch studies (for c.g.
Beaumont-Walters & Soyibo, 2001; HSRC, 2005; Inal, 2002; Reddy, 2006a; Riddel &
Nyagura, 1991; Rothman, 1997). Below is a briet description of these studies.

According to Rothman (1997), the links between various socio-economic factors and
school achievement had been known for some time. In a study donc in Australia,
Rothman (1997:13) found that achicvement according to SES differed according to

different learning arcas and grades.

Riddel and Nyagura (1991) found that students in Zimbabwean secondary schools
who were attending high fee-paying (trust) schools, clite urban government schools

and mission schools also scored better in mathematics and English achievement tests
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than students in the less well-endowed government schools and in schools established

by local councils.

Rowan (1999), cited in Porter and Smithson (2001: 63), found that for many schools
in their sample “prior achicvement and SES accounted for as much as eighty percent

of the variance in mean achievement among classrooms”.

Beaumont-Walters and Soyibo (2001) reported on a study conducted with 305
Jamaican learners to determince their levels of performance on five integrated process
skills. This study was particularly important to the present study since it tested similar
process skills classified under the middle level cognitive compctences. They
investigated Grade 9 and 10 learners’ performances linked to gender, grade level.
school location, school type, student type and socio-economic background (SEB).
They found no significant differences between boys’ and girls’ performances and
there were no links between the lcarners’ gender and school location and their
performancc. However, they found that the learners from a higher SES outperformed

learners from a low SES.

Inal (2002) also found that Cape Town science learners attending scveral schools with
a lower SES achieved significantly below several schools of higher SES. Another
interesting finding in Inal’s study, which this study will attempt to investigate, is that
English sccond language learners performed better in higher socio-cconomic status

schools than lower socio-economic status schools.

Although the level of socio-economic status of the lcarner’s school played a pivotal
role in learner achievement, there were many other contextual factors that secemed to
have also contributed to their performances. Among these issues were: learning
environment at home — where successful learners had a wealth of information to use;
abscntceism - learners who had a good school attendance performed better; and school
resources - learners achiceved better in schools that had sufficient resources compared
to schools that had insufficient resources (Reddy, 2006b). Other factors were: active
participation of learners in class; class size; parental involvement with the school;

school donations; school discipline and cducators’ qualifications (HSRC, 2005).
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In the study reported by Howie (2001), most of those Grade 8 learners participating in
TIMSS-R who were, on average, older than the other participants, came from low
socio-cconomic backgrounds. The South African learners performed below the
international average in all content arcas and it scems that socio-cconomic influences

could have played a role in their performances.

In 2003 the Human Sciences Research Council (HSRC) conducted studies and tested
Grade 8 and Grade 9 learncrs in mathematics and science in South Africa (Reddy,
2006b). Analysis showed that the large distribution was a rcflection of scores of the
continuing incqualities in cducation in South African society. A review of this South
African national study in mathcmatics and science showed that performances of
learners grouped according to catcgories reflecting the former racially-based
department of education indicated that learners in the African schools (DET) had the
lowest mean scores and learners in the former White schools (HOA) had the highest
mean scores. Learners in the latter schools had a scorc just below the international
mean. These results suggest that the history of the past may have had an appreciable
cffect on the achicvement of lcarners according to the demography of the schools and
their socio-economic status. This meant that lcarners who attended schools of a lower
socio-economic status performed poorly compared to learners who attended schools

of a higher socio-economic status.

According to Reddy (2006b), there was no single cause of South Africa’s poor and
diverse performance. She stated that preliminary explanations would have to be
linked with various complex and connected sets of issucs which included the issucs of
poverty, lack of resources and infrastructure in schools, low teacher qualification and

poor learning cultures in schools.

In a recent report on literacy for Grade 6 learners in the Western Cape, it was found
that lcarners from historically disadvantaged communities performed very poorly —
“twelve years after the demise of apartheid” (Mangxamba, 2006:2). The report
released by the HSRC stated that there was a significant difference in the
performances of learners between schools from different socio-cconomic status (SES)
(HSRC, 2005). Only 0.2% of learners at “black™ schools in the former Department of

Education and Training (DET) attained the required level for numeracy. Those in
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formerly “Colourcd” schools, (previously the House of Representatives), achieved
only a 5.3% success rate; and only 19.9% of learners in formerly Asian schools
(previously the House of Delegates) performed at the required level. However, 64%
of learners at the formerly “White” schools” (HOA) attained the numecracy standard
required for Grade 6. The report concluded that level of poverty correlated strongly
with level of performance. The national HSRC report (HSRC, 2005) recorded that
only 41% of 3156 Grade 6 lecarners attained the specified standard in Natural

Sciences.

These findings comply with Vygotsky’s theory which emphasized the link between
social context and learning (Vygotsky, 1978). This led the rescarcher to investigate
this issuc by categorizing each school into a defined level of SES based on the
individual annual school feces levy. In order to extend or to substantiate these carlier
findings, the rescarcher also planned to conduct in-depth interviews with learners and
teachers to determinc what other factors could have contributed to their performances
in the Natural Science CTA. Nonc of thc above mentioned studies used the CTA as

an asscssment tool.

2.6.2 Class size

One of the main criticisms against OBE in the present South Africa, which I as a
tcacher strongly support, is the unacceptable large classcs compared to other
countries, like Australia ((Malcolm, 2001). A study on Grade 8 learners in African
countrics revealed that there was a significant decline in achicvement levels, from
classes with fewer leamners to classes with more learners (Reddy, 2006b). This meant
that class size affected the performance of learners — the scorcs were higher where
class size was smaller. It is a definite contributing factor to learners’ performanccs.
especially in the South African context where rationalization of teachers and lack of

funding in education has created these large classes.
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2.6.3  Gender and performance

Differences in performance between boys and girls have always been a matter of
interest in research studics. The gap between boys’ and girls” performances scemed to
have narrowed over the years. Studies conducted by the Department of Education on
2002 matriculation results reveal that girls were performing cqually well or in some
cases better than boys (Perry & Fleisch, 2006). Although it is not the aim of this study
to differentiate lecarners” achievements individually on the basis of race, a
classification of the 2002 matriculation results revealed that there was a markedly
better performance at Higher Grade in Mathematics and Physical Science by Indian
and White female candidates. Perry and Fleisch (2006) reported that African boys
outperformed African girls, both in the number of candidates participating and in the
percentage that passed. They also said that tentative cxplanations emerged through
studies which belicved that girls were more mature and had better learning styles; girls
had better communication skills; while boys tended to reject academic work and
lacked reading skills. Perry and Fleisch (2006) had no brcakdown between the
chemistry and physics questions and the performances of girls and boys in cach

section.

According to Howie (2001), the Third International Mathematics and Science Survey
(TIMSS) had revealed a significant gender difference in overall national performance
with boys performing better than girls but therc was no significant difference in mcan
performance by girls and boys in South African schools two years later. However,
significant gender differences were obscrved in two content areas: Earth Sciences and
Physics. On Physics, boys achicved an average of 5% higher than girls (Howie,
2001). Reddy (2003) reported that there were no gender differences in achicvement
among any of the groups in eleven countries, including South Africa, which were also
categorised according to ex-racial departments The difference in boys and girls
performances decreased, from TIMSS 1999 to TIMSS 2003, in ex-DET and ex-HOA
schools (Reddy, 2003). However, in seven countries, the girls performed significantly
better than the boys and in 28 countries the boys outperformed the girls, according to
Reddy’s report. It would have been interesting to see whether culture played a

significant role in the diffcrence of performance.
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Sencar and Eryilmaz (2003) found in their study in which 1 678 learners participated
in Turkey, that the differences in performances between boys and girls depended on
the context of the question. They found that, for the practical type of questions, the
males outperformed the females and in the thcoretical questions there were no
significant diffcrence in scores between males and females. Howcever, carlicr studics
had revealed that girls performed better than boys on practical tests which involved
making and interpreting observations whereas boys did better at “applying physical

scicnce ideas” (Bennett, 2003:211).

Earlier research also revealed that boys tended to outperform girls in the physics
section of science which included identifying variables and interpreting a circuit

diagram (Bennett, 2003; Levinson, 1994).

Rescarch has also attempted to reveal posstble causes for differences in performance
between boys and girls in science.  Although it is beyond the scope of this study to
review the research findings in detail, a bricf outline of possible causes is relevant to
this study. Regarding age and gender differences — the gender gap in science was
found to appear at 13 years and narrowed at 17 years (Shepardson & Pizzini, 1994,
cited in Scncar & Eryilmaz, 2003).

According to a summary based on past research by Bennett (2003), boys and girls
seemed to differ in performances in science with respect to: content area; societal
influences; cultural influcnces; school and teacher eftects; the sex of the teacher; girls
and boys perception of science; attitude towards science and the type of assessment
used. For example, boys outperformed girls in physics compared to the reverse in
biology and chemistry (Bennett, 2003). Also, regarding the typc of assessment used.
boys performed better in multiple choice questions and preferred a writing style to be
“short and factual”, whercas thc provision of course work and project work which
required ‘“‘extended reflective writing” improved girls’ marks morc noticeably
(Elwood & Comber, 1996, cited in Bennett, 2003: 209-210). This finding scemed to
be supported by studies of Howie (2001) which revealed that girls performed better on
more gencral topics, which needed more self expression, than boys who achieved

better in factual knowledge.
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Bennett (2003) stated that improvements in girls’ performances were shown to be
linked to changes in assessment techniques and that research on gender issucs had
identified features of successful intervention strategics.  According to Bennett
teaching scicnce in a co-cducational school should be approached with caution and
certain major issucs should not be ignored. Firstly, gender bias should be avoided,
and contributions towards scicnce development should include both male and female
scientists. Secondly, a wide range of activitics and assessment strategies should be
uscd that would appeal to both girls and boys. For examplc — girls tend to have good
linguistic and imaginative abilitics and so activities relating to this type of assessment

should also be used.

The first survey of the Organization for Economic Co-operation and
Development/Programme for International Student Assessment (OCED/PISA, 2001),
or ‘PISA’ survey, indicated that boys no longer had the edge in academic achievement

over girls.

According to Bennctt (2003), the carlicr studies used multiple-choice questions to
gather their data while the PISA study madc usc of open-ended questions. This
implied that the performance depended on the nature of the assessment and the

construct being assessed.

The above literature review extends Vygotsky’s (1978) thcory of social intcraction
and discourse. Vygotsky’s theory of social constructivism identifies the link between
lcarning and social processes, bearing in mind that knowledge is constructed through
social interactions. Thus, cvery child has some form of prior knowledge which has
been developed over the years through past experiences with their parents and other
adults.  With regard to gender the social processes would refer to the cultural and
social diffcrences between girls and boys. For ecxample, past rescarch has revealed
that girls have good linguistic and imaginative abilitics in comparison to boys who arc
better at revealing straightforward facts (Bennett, 2003). Thus it can be said that
assessment should be carefully implemented to avoid any form of bias pertaining to
gender. The above studies have revealed that the use of different kinds of assessment

resulted in differences in performances between boys and girls, which meant that the
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context, content and style of assessment played a significant role in achievement

between boys and girls (Black, 1999).

In conclusion, the literaturc review in this scction has highlighted particular gender
differences in performance with regard to certain scctions of science and types of
asscssment. Hence, the present study will examine gender differences with regard te
performances in different proccess skills by statistically analysing the CTA results of
learners and whether the results are similar or different to previous studics. For
cxample it was deemed interesting to know how learners performed according tc
gender within a certain age group (c.g. 14 -15 ycar olds) and within a certain school
type based on socio-cconomic status in a South African context. The interviews
conducted with learners and tecachers also shed further insight about the assessment

used.

2.6.4 Ignorancc and misconceptions in science topics

It has been shown that the identification of misconceptions about certain science
concepts 1s very important in the learning and teaching of science (Carmichacl.
Driver, Holding, Twigger & Watts, 1990; Pfundt & Duit, 1994). Therefore certain

misconceptions and arcas of ignorance have been identified in this study as well.

(a) Electricity

Electricity can be a relevant topic to learners from both urban and rural centres
because it relates to their everyday lives, e.g. providing light, being used to boil water
or cooking food, and operating many machines and gadgets. Neverthcless, therce is
still reason to believe that many learners do not have a valid understanding of certain
concepts, since electricity is a challenging topic at all school levels. Learners very

often have difficulty in learning this section.

Extensive research in schools has indicated that electricity is a difficult topic to
undcrstand and that many learners have a range of misconceptions regarding the topic
(Arnold & Millar, 1987; Cohen, Eylon & Ganiel, 1983; Duit & von Rhéncck, 1998:
Evans, 1978; Fredette & Lockhead, 1980; Hendricks, 1999; Psillos & Koumaras.
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1988; Shipstone, 1985a, 1985b). There have been numerous problems related to the

lecarning of electrical circuits. These have been concentrated mainly in:

e the lack of conceptions, where the learners cannot observe directly the quantitics
dealt with (Dupin & Joshua, 1989);

o the relative roles of the different quantities involved, especially current and
energy, mainly with respect to potential difference and power (Rochford & de
Jager, 1990);

e thc diagrammatic representations of circuits and the visual perception of them
(Pudlowski 1988); and

e the relationships between a whole circuit and its parts (Cohen, Eylon & Ganiel,

1983).

As mentioned earlier, studics have also shown that students’ misconceptions regarding
electric circuits could be influenced to a certain extent by students’ gender, age,
attitude towards the topic and prior cxperiences rclated to the topic (Sencar &
Eryilmaz, 2003). Arnold and Millar (1994) found that another source of lcarning
difficulty regarding electrical circuits was that the concepts concerned (current,
voltage, resistance) were very abstract, theorctical ideas used to explain a range of
observations. Added to that is the problem that the simplified circuits now commonly
used in introductory courses of study arc rcmote from children’s experiences of
everyday clectrical applications, and might fail to serve as adequate models for them —

thus preventing effective linkages between ‘school” and ‘everyday’ knowledge.

After conducting an extensive literature rescarch, the main difficulties emerging that

lcarners seemed to have encountered in electricity were the following:

J Some students propose that, in a serics circuit, current will be shared equally by
all the components of the apparatus (Shipstone, 1982, cited in Inal, 2002).

o Current flowing from a battery is thought to be constant and not affected by
changes in the external circuit, i.c. students do not see it as a conserved
quantity (Stanton, 1990).

. Many learners find great difficulty in discriminating between the notions of

current and voltage (Evans, 1978).
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o Students tend to confuse causc and cffect, believing that voltage is dependent
on current flow, and frequently they cannot comprchend why a potential
difference can be maintained over a gap in the circuit (Shipstone, 1985a).

. Few students usc the concept of “voltage’ in their reasoning to solve problems
conccrning an clectric current (Stanton, 1990).

. Many students do not think that identical bulbs connected in scries light up
with cqual brightness. With parallel connections, there is a tendency for some
students to say that the current splits equally, irrespective of the resistances in

the branches (Stanton, 1990).

Inal (2002) recorded that his students tended to over-generalise simple clectricity
problems sampled from physics texts. The students then applicd these over-
generalizations to new complex problems with negative consequences. Therefore it is
important to teach learners many different cascs regarding current, voltage, resistance.
parallel and series circuits, and so on. If not, this could possibly result in learners

being taught only special cases without informing them that many more cases existed.

Arnold and Millar (1987), adopted a constructive approach to teaching clectricity by
cliciting children’s idcas and then building on thosc cxisting beliefs in attempting tc
produce accommodation towards the accepted scientific view. In their study.
importance was attached to teaching the logical scquence most appropriate for
lcarning, rather than trying to tcach the logic of the subject matter as seen by
scientists. In their introductory lesson, topics ‘traditionally’ included - namely voltage

and parallel circuits - were omitted.

Research findings indicated that ‘voltage’ was a particularly troublesome concept.
best introduced later in the secondary school years, after current had been grasped.
using a few simple operating rules (Amold & Millar, 1994; Shipstone, 1985b).
Similarly no attempt to introduce branching (parallel) circuits was made in the
introductory teaching. Past studies had shown that children cxperienced great
difficulty in discriminating between current and voltage (Evans, 1978; Shipstone.
1985b). However, it has been argued more recently that the notion of voltage be
taught alongsidc the concept of current so that the usual ‘voltage equals current’ idea

— which appeared because of an carly focus on current — be dispelled to make lcarners
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more ‘voltage minded’ (Driver, Squires, Rushworth & Wood-Robinson, 1995:122).
Psillos, Koumaras and Tiberghicn (1988), supported this suggestion and proposcd a
lot of measuring of voltage alongside current mcasurements. Psillos er a/. (1988)
believed that if the teaching of ‘voltage” was to be introduced at the lower sccondary
level (Grades 8 and 9), then a conceptual model should be used to make learning
casier. An appropriate conceptual model designed. presented and analysed by Psillos

et al. (1988:33) included teaching about:

o the brightness of a bulb in a simple battery-bulb circuit;
e the brightness of a bulb in a series connection of two batteries to one

bulb;
e the brightness of a bulb (and the duration for which it is lit) in a parallel
connection of two batteries and one bulb:
e the volume of a battery and what it contains:
e the readings of a voltmeter and an ammeter in open and closed
circuits;
o the spark between the terminal of a Winehurst machine
Psillos er al. introduced the ‘voltage’ concept as a primary onc, instcad of what was
usually done at sccondary school through relationships with other circuit variables.
They believed that their instructional design was an important step in the development
of teaching materials to promote mcaningful conceptual learning by the students.
Voltage was to be regarded as a property of a battery, i.e. it was to be taught as one

variable which describes the state of the battery. This meant that:

o voltage referred to ordered pairs in space, i.e. to battery terminals;
o voltage corresponded to the potential of the battery and not to any action to

which it gave rise.

Hendricks (1999) conducted a study on 108 learners (15-16 year olds) in Physical
Science randomly selected from 21 schools in the Western Cape. He investigated:
their understanding of circuit symbols; distinguishing betwcen a single cell and a
battery being a group of cells; distinguishing between the symbolic representations of
parallel and scrics connection of cells; distinguishing between the symbolic
representations of parallel and serics connection of light bulbs; and featurcs of parallel
circuits. His findings indicated that most learners could identify the circuit symbols
but that there was confusion between a cell and a battery. The majority of learners
could identify correctly light bulbs and cells connected in parallel but 31% of the

lcarners could recall only one feature of parallel circuits, i.c. when two lights are
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connccted in parallel, they operate almost independently of cach other. The problem

scemed to arisc from learners’ deficiencies in their prior knowledge.

According to Jaakkola and Nurmi (2004), teaching electricity in Finland had becn rarc
for clementary school learners, and all previous studics had concentrated on 15-year-
olds or older. They examined whether a simulation-laboratory-combination with
structuring assignments could enhance 10- to 11-ycar-old Finnish e¢lementary school
lcarners’ understanding of clectricity and whether it could help them to overcomce
known difficultics with the subject matter. According to the results of the study, the
simulation method was able to improve learners’ achicvement of learning outcomes
compared to the laboratory work method. One explanation for the success of the
simulation-laboratory-combination was that simulation possibly hclped learners to
understand the theorctical principles of clectricity by revealing the behaviour of &
dircct current (DC) circuit and visualising the current flow in the circuit. After
understanding the basics of clectricity on a theoretical level it may have been easier
for a learncr to transfer acquired knowledge into the laboratory exercises with real
circuits and, as a conscquence, acquire a morc coherent and holistic comprchension off
the topic. Thus thc combination of laboratory and simulation work appcared to be

able to bridge the gap between theory and reality.

Hence, in terms of the above literature on clectricity, the present study identified
whether certain misconceptions regarding electricity or lack of prior knowledge
regarding the topic exist, or whether there were other factors that could influence
lcarners’ performance, through an in depth analysis of the leamers’ responscs to cach

item on clectricity and through interviews conducted with learners and teachers.

(b) Graphs

Graphs are usually used in newspapers and on television as a form of communicating
information on the economy, population, pollution and thc state of the environment
based on sustainability. Consequently the new curriculum has placed emphasis on

this important skill, ‘interpreting graphs’ (DOE, 2002c:14).
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According to Hegarty, Carpenter and Just (1991) graphs and diagrams are spatial
representations. However, graphs differ from diagrams because they show the
relationship between variables, whereas diagrams describe structures and processes
(Winn 1987). Bowen and Roth (1998) have argued that Icarning to use and interpret
graphs is an important process skill that scientists have to master because of the vital
role that graphs represent in the practicc of science. Studics have revealed that
students of all ages have difficulty using various representations appropriately,
especially graphs (Leinhardt, Zaslavski & Stein 1990; Schnotz 1993). In other studics
it was found that some individuals who had already obtaincd BSc and MSc degreces
also demonstrated difficulties when interpreting simple data scts through
transformations into graphical representations (Bowen & Roth, 1998; Roth &

McGinn, 1997).

Bowen and Roth (1998:86) belicved that the correct interpretation of a graph does not
lic in understanding the rcpresentation itself as a ‘‘static object, but rather in
understanding the social actions through which the graph was originally constructed”.
Therefore it is important that learners know how to use graphs to express their own
data, instead of just identifying the different axes and variables, i.c. looking for trends
and constructing scientific arguments are morc important. A similar argument can be
madc for tables. The gencral public ought to be capable of interpreting graphs and
tables, since they are prescnted with simple graphs and tables either in the newspaper

or in the workplacc cvery day.

Janvier (1978:3.2) described ‘graphical interpretation’ as a genecral process which
consisted of translating data from onc form to anothcr. He also described graphical
interpretation as a “‘progressive integration of the various pieces of information
conveyed by the graph with the underlying situational background”. Janvier’s (1978)
findings indicated that there was a definite link between reading and interpretation.
He found that inadequate reading skills were responsible for many of the failures in
interpreting graphs. Unfortunately the present study does not have sufficient evidence

to support the above finding but it would have been an interesting finding.

According to Janvier (1978) and Preece (1985), learners had difficulty in interpreting

graphs becausc of the many forms of representation presented. They belicved that the
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verbal descriptions, formulas and tables provided were often used to represent the
same relationship which confused the lcarner. Their rescarch was supported by
Chandler and Sweller (1991:293) who showced that poorly organised data caused
lcarners to divide their attention among the various picces of data and this created

“cognitive load” which, in turn, led to poor processing of information by lcarners.

Ferry et al. (2002:2) outlined the steps studied by researchers with regard to how

learncrs interpret graphs and tables. The processcs involved:

reading a graph or table; deciphering the labels on axes and the headings of
columns; describing the global features of the data such as maxima, minima,
slope, turning points, regular trends or the means of data presentation such as
picture form, bars, columns, lines; relating the properties of the graph and chart to
information described in accompanying text; and applying prior knowledge to aid
in the comprehension of the information presented.

They identified the skills involved in the above processes as rcading, interpreting

information and application of knowledge to a different context by inferring.

This difficulty in interpreting points from a graph was also noted in a study by White
(2003) who tested the process skills of Grade 10, 11 and 12 teachers from poorly
performing public schools in Mamclodi and Atterridgeville, in Gauteng, South
Africa. The aim of the study was to test process skills and required no prior
knowledge of content. However, it has been argued by Ogunniyi (1999) that it is
difficult to set test items that separate proccess skills and content. White found that
most teachers gave the incorrect reading from the linc graph but most teachers could

interpret bar- and pic-graphs.

Sadeck and Scholtz (2003) carried out a 40-minute pencil and paper test on first,
sccond and third year science tcachers, at the Peninsula Technikon in the Western
Cape, South Africa. A large proportion of the students (+80%) attended former DET
schools. The study targeted process skills such as mcasurements, tabulating results
and graphing. Most students had difficulty reading and inferring information from

various types of graphs.

Howie (2001) reported that most Grade 8 South African lcarners had difficuities with
the interpretation of tables and graphic representations. The majority of his sample

consisted of high school learners in the Western Cape. A 90- minute pencil and paper
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test were to be answered which included multiple-choice questions. short-answer
questions, extended-answer questions and performance tasks. These questions were
designed based on information on the implemented curriculum for all the schools

participating in the study.

In conclusion, the achicvement of competence in graphical interpretation is a very
important proccss skill that has been emphasised in the new curriculum (DoE, 2002¢).
The importance of further research on how learners lcarn from graphs (Winn, 1987)
has prompted an investigation on problems related to learncrs’ interpretation of
graphs. Hence, this study highlighted the strengths or weaknesses of lcarners by
studying their responscs to questions on CTA papers. so that teachers may be made
aware of them. The study revealed whether there were any shortcomings in the mode
of representation of the particular CTA graphs and whether these representations
affected the learners’ response to the questions, or whether it was a poorly under-
developed skill that necded to be dealt with by proper teaching. In the present study,
in-depth interviews with Grade 9 learners also helped to account for some problems
that lcarners experienced with the interpretation of graphs, with particular emphasis

on performance skills.

(c) Imagery in chemistry

Wu, Krajcik and Soloway (2001) found that many students had difficulty learning and
understanding symbolic and molecular representations of chemistry. In their study at
the University of Michigan, they investigated how cleventh graders devcloped an
understanding of chemical representations with the aid of a computer-based
visualizing tool. The results showed that students’ understanding of chemical

represcntations improved substantially.

Three levels of representations in chemistry have been identified by researchers.
Thesc are the macroscopic, microscopic and symbolic levels (Gabel, 1998 and
Johnstone, 1993).  Wu, Krajcick and Soloway (2001) mecntioned that chemical
processes are observable; at the macroscopic level, for example, burning candles. At
the microscopic level chemical phenomena are cxplained by the arrangement and

motion of molecules, atoms or sub-atomic particles. Chemistry at the symbolic level
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is represented by symbols, numbers, formulas, equations and structures. In scveral
studies, many students were reported as tending to remain at the sensory level and
were unable to visualize and interpret molecular and symbolic representations (e.g.
Ben-Zvi, Eylon & Silberstein, 1986; Gabel, Samuel & Huhn, 1987; Rochford, Fairall.
Irving & Hurly, 1989).

Kozma and Russel (1997) argucd that if students understood representations, they
would be able to generate interpretations, make translations and manipulate thosc
representations.  According to Mammino (2002), an understanding of chemistry
involves a combination of thc macroscopic and microscopic level of the observed
phecnomena and the microscopic level of atoms and molecules. At present the new
Grade 11 Physical Science curriculum has included macroscopic and microscopic
levels of chemistry as part of thc content that learners need to know. The
familiarization with the objccts and cvents at the microscopic level is essential to the
understanding of chemistry. Mammino believed that visualization through imagery

was a powerful tool to facilitate such familiarization.

Mammino’s (2002) study on the use of imagery by students taking general and
physical chemistry courses at the University of Venda revealed problems with
visualisation and imagery. Learners were not familiar with the tcaching activities thar

involved imagery and had difficulty in interpreting it.

Hence, from the literature on using imagery in chemistry teaching, it appears that
imagery can be a uscful and powerful tool for enhancing an understanding of chemical
rcactions at a microscopic level. However, studies have revealed that at least somc

students were not very familiar with the usc of imagery in chemistry.

The present study of CTAs therefore set out to make some inferences pertaining to
lcarncrs’ misconceptions of selected chemical formulae and to discuss the suitability

of using imagecry in the context of assessing by teaching one aspect of chemistry.

The above studics in the literature focused on students at tertiary level and Grade 11.
This study has used CTAs to investigatc how lcarners from a lower grade, who arc

much younger, performed in using imagery. It was interesting to see whether or not
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the use of imagery improved the learners’ understanding of chemical formulac at the
Grade 9 level compared to the studics done in tertiary institutions and at a higher

grade level.

(d) Interpretation of text and diagrams

Today it is very important for learners to be able to read critically and to usc problem
solving skills, as emphasized in the new curriculum (DoE, 2002c¢). This view scemed
to have been supported by Koch (1995). He also stated that “the development of
comprchension skills 1s particularly important today in a period of accelerating

technological change” (Koch, 1995:613).

Rescarch has been carried out to the development of reading strategics (c.g. Condy,
2006; Paris, Wasik & Turner 1991, cited in Koch, 1995). Some of the purposes of
these instructional strategics, based on reading comprehension, are the following: “to
identify main ideas, to make inferencces, to inspect the text, to review and reflect, and
to follow other metacognitive strategies” (Koch, 1995:613). It was found that
successful readers of scientific texts will use strategies such as skimming and
examining pictures, graphs and captions, then move back and forth in the text. To
read a text critically, one must have the necessary skills which include: reading all the
sentences in a passage without skipping; the ability to analyse a passage by breaking it
up into small segments, and the ability to summarise what has been inferred from the

text (Koch, 1995).

According to Hegarty, Carpenter and Just (1991:666), “‘diagrams are a suitable mcans
for conveying scientific information”. To facilitate lecarners’ ability to grasp certain
scientific facts, a visual representation or text presented to Icarners would make it
casier for them to grasp the scientific argument or facts. Certain scientists have
believed that visual and spatial representations arc important tools to use (Ferguson,
1977; Shepard, 1978 & Smith, 1964). Literaturc reviewed in Hegarty er al. (1991)
and Duchastel (1983) suggested that the inclusion of diagrams could be effective in
instruction when they provided the rcader with spatial representations that were often
difficult to derive from text. However, they also mentioned that this depended on the

skills of the reader to be able to cxtract the relevant information from the diagram.
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Onc study found only a very low corrclation obtained between scores for rcading
comprehension and problem-solving scores and concluded that these two skills might
be independent and should be investigated further (Koch, 1995). Koch argucd that the
development of these two skills should receive independent treatment and that
tcaching problem skills alone will not necessarily improve reading comprchension

skills.

In conclusion, after a preliminary study of the nature of the 2004 CTA instrument
used in the present investigation, a literature review on the concepts and certain skills
with which learners scemed to have problems assisted the writer in developing a
rescarch sub-question based on misconceptions and misinterpretations. It was decided
to scck additional insights into possible local factors that might cither support these
earlier findings or contradict them. Although the identification of misconceptions is
not the main issue in this study, it was deemed nccessary to include them for
awareness purposcs so that teachers could be informed of some of the basic problems
their own lcarners encountered and which affected their performances here in the

Western Cape.

(c) Language, technical terminology and performancce on scicnce tests

Various research studies have revealed that language has played a vital part in
learners’ performances. Learncrs who were taught in their mother tongue performed
better than learners who uscd English as their second language. Hence, it is the

intention of the present study to investigate this aspect of the CTA as well.

Howic (2001:27) reported that only 26% of learners spoke the language of the TIMSS
test as their first language and these performed better in both mathematics and
scicnce. The South African National Study in mathematics and science showed thar
learners who took the test in Afrikaans scored higher than learners who took the test in
English (Reddy, 2006b). According to (2006b) language proficiency featured as &

contributory factor to South Africa’s poor and diverse performance.
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On a contextual level, according to a South African report by Laugksch, Muller, Abel,
Soudien and Favish (2005) home language appeared to have affected learners’ success

in school mathematics and science.

According to Inal (2002), English second language participants at high schools
situated in privileged arcas achieved significantly higher scores than those who

attended schools situated in underprivileged arcas (townships).

From the abovc research, it seems that the test language and terminology used in
testing also impacts on the performance of English second language learners who are

taught in English.

2.6.5 Teachers’ under-qualification and inexperience

According to Phurutse (2006), after an intensive interview with South African
teachers from former DET schools in Johanncsburg and Pretoria, it was rcvcaled that
the tcaching of the lower grades by under qualified tcachers and the lack of science
and mathematics knowledge were in their view major contributions to poor
matriculation results. In other words teachers’ qualifications and knowledge of the
subject arc very important in the lower grades (grade 8 and grade 9). Besidces their
qualifications and cxperience, it has been argued that their “voices™ were not heard in
the interest of education even though they were the closest to the school “milieu”.
(Nicto, 2003, cited in Phurutse, 2006:214). According to Phurutse (2006), analysis of
matriculation results and factors that influence their performance are often provided
from a rescarcher’s perspective. Teachers’ “voices’ should also be heard to improve

academic performance as provided for in this study.

2.6.6 Historically, racially disadvantaged schools

Schools also play a major role in learners’ performance. Very few South African
schools are producing a high proportion of learners with sufficient marks in
mathematics and scicnce for university. According to Reddy, van der Berg; Lebani

and Berkowitz (2006) there are many problems in the schooling system that warrant
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attention. These include the former racial character of the schools which has an
influence on learners’ performances. For cxample: African schools have been
disadvantaged from the previous racial dispensation and their results are notably
weaker in subjects like mathematics and science (Reddy er al., 2006). However.
studies have shown that commitment by both tcachers and learners has a positive

influence on performance (Reddy et al., 2006).

2.6.7 Implications of this overview for the present study - its design and direction

The above literature review identifies possible factors that influence learners’
performance. It is quite cvident that the socio-economic status of schools, gender.
language, ignorance and misconceptions, racially disadvantaged schools, teachers’
under-qualifications and incxperience played a significant role in the achicvement
levels of learners. This prompted a further study on the above factors using the CTA
as an instrument for assessing the Grade 9 learners from schools of different social
and racial backgrounds. Since the CTAs were compulsory for all Grade 9 learners.
the above known factors had to be studied in depth for future recommendations to

curriculum planners, teachers and policy makers.

2.7 Common Tasks for Assessment: a recent form of assessment

The notions of the CTAs were introduced in Chapter 1. Its purposes were outlined

and its implementation problems discussed.

Like any test, its suitability should be judged using certain criteria. In Australia, the
criteria include: knowledge, skills and understanding; demonstration of higher-order
thinking skills; cmphasis on recall and prior knowledge; degree of ambiguity in test
items; any learning styles advantaged; and the level of asscssment of learning
outcomes (Department of Education and Training: Government of Western Australia.
2000). For this study the ten criteria for evaluating the quality of an achicvement test
specified by Ebel (1972), together with three additional criteria appcaring in DoE
(2002c¢) have been used (see Chapter 4).
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Any form of assessment has its limitations and it is therefore difficult to satisfy every
lcarner, teacher or school. Somc of thesc limitations have been identified by Gipps

and Stobart (1997) as follows:

. Content tested - the examiner has to decide on which content to test.
J Type of questions - the examiner has to decide on style of questioning.
. Administration and marking — developing reliable tests and a fair

asscssment criteria.
. Score interpretation — national tests should be used carefully since it

only reveals limited information.

Since the CTA 1is a recent form of assessment, little rescarch has been conducted on its

usefulness and effectiveness.

2.7.1 Studies using CTAs in South Africa

During 2002, the History and Geography teachers from two well resourced schools in
Grahamstown participated in a trial run of the CTA for the Grade 9 Human and Social
Sciences (HSS) Learning Area of C2005 (Wilmot, 2003). While the teachers were
generally positive about thc new asscssment tool (the CTA), they identified a
significant disjuncturc between the ‘rich’ knowledge outcomes of national policy
documents and the CTA Teacher’s Guide on the on¢ hand, and the Section A and B
assessment tasks on the other hand. This prompted the writing of a report by Wilmot
who provided a detailed cvaluation of the CTA for the Human and Social Sciences
(HSS) Learning Area which was implemented and trialled at the two schools. The
report acknowledged that the CTA, as a new instrument for assessment, was exciting
and innovative; but the report also explained a number of problems and issucs arising
out of the teachers’ expericnces of implementing the new assessment instrument in the
classroom. The teachers who participated in this study reported that they had gained a
great deal through reading and attending workshops on the theory which informed
change. In addition to studying the national policy documents, the tcachers also read
articles on a variety of educational topics such as learner-centred education, critical

thinking, constructivism and assessment (Wilmot, 2003).
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In 2004, Wilmot (2004) analysed thc October-November 2003 HSS CTA
performances from the same two schools. She stated in her report that there was a
pleasing link between the attainments in Section A and Section B and that there was a
big improvement in the content and structure of the previous CTA (2002) in terms of
the questions asked and the types of learning assessed. The teachers said that they felt
they were better preparcd for the CTA. The remark, “It has cnabled us to develop and
think”, made by a geography tcacher, summed up the value of the CTA as a tool for
initiating and supporting the transformation of teaching and learning in South Africa

(Wilmot, 2004:81).

No rubrics were used in Section B of the 2003 HSS CTA. Wilmot (2004:83) belicved
that the shift away from rubrics assumed “a high level of teacher competence and

subject knowledge, and the responsible usc of professional judgement™.

Recently the national Department of Education (DoE) and the Independent
Examinations Board (IEB) contracted Khulisa Management Services to conduct a
General Education and Training (GET) — Grade 9 curriculum and assessment study to
inform decision-making processcs related to the General Education and Training
Certificate (GETC). The study was carried out from the end of 2003 to 2004 after the
first national CTAs werce implemented.  The overall purposc of the study was to
investigate the situation in Grade 9 with particular reference to asscssment practices.
to inform national policy and to inform preparation for the (GETC); and this was
reported in an overview document in the “Research Study on Curriculum and

Assessment in the General Education and Training Band — Grade 97 (DoE, 2004b).

The research study reported on a number of areas, but this review of the literature will
focus only on the implecmentation of school based assessment (Continuous
Assessment) in Grade 9 and on external assessment (Common Tasks for Assessment)
in 2003. A total of 1500 schools were selected by the DoE from nine provinces for
the study. Findings from the study reported that:

e Most of the schools completed the CTAs — but there were some responding
schools, mainly rural, who stated that they had not completed the CTAs.
e Morc principals than teachers stated that they were confident to implement the

CTAs.
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e Morc than two-thirds of the respondents indicated that moderation of CTAs for all
learning areas had taken place.
e Most schools had been supplied with internal marking guidelines but fewer found
these to be available and user-fricndly.
e Overall, the cducators felt that the CTAs were somewhat appropriate in terms of
the age of Grade 9 lcarners.
e Problems that cmerged in the data relating to the CTAs were:
- many schools indicated that the academic level was too high;
- late arrivals of the documents at the schools occurred; and
- there was a lack of sufficient external monitoring of the CTAs.

(Emphasis supplicd)

The report stated that provincial officials, district officials, teachers and Heads of
Decpartments were positive about the impact of the CTAs on school-based asscssment
and that they could be used as a model for school-based assessment. However, only a
few schools reported that they were able to utilise the CTAs as a model for school-
based assessment. Several schools requested more guidance, in the form of training

and support, in order to utilisc the CTAs as a modecl for CASS.

The report recommended that:

e the content and impact of the CTAs be highlighted in terms of their
importance for the assessment of Grade 9 learners;

o the language of the CTAs be made morc accessible, i.e. be made more
contextualised:;

e the CTAs be delivered earlier to schools to provide more time for moderation
of performances in both Sections A and B; and that

e the absentecism of learners from schools during the conducting of CTAs be
addressed, since educators were confuscd about what to do when learners had not

completed CTAs duc to absentecism.

Assessment tasks arc mainly set in a ‘real life’ context. This context demands
language skills since it requires reading skills and interpretation skills. Cooper and

Dunnc (1998), reported on a study done in the U.K. which examined 10 -11 and 13 -
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14 year-old learners on national mathematics asscssment tasks. The study revealed
that asscssment tasks set in ‘real life’ contexts disadvantaged working class lcarners.

These results were similar to a study done by Bansilal (2008) and Boaler (2003).

Boaler (2003) belicved that standardized testing discriminated largely against certain
learners at low SES schools and against those lcarners who never spoke the language

of the test.

According to Bansilal there was a mismatch between the intended curriculum and the
perceived curriculum.  She did a study on the Grade 9 Mathematics CTAs (2004).
The CTAs, which was used as a form of assessment, was based on ‘real life’ situations
and therefore a certain context dominated the questions. She argued that the intention
of the department of education to crcate an asscssment tasks, with ‘real life’ contexts
that will be fair to all lecarners from different social backgrounds, has not transpired
(Bansilal 2008). She found that lcarners had problems answering certain questions
because the information given was too wordy. As a result lcarners never fully read
the information provided and missed out on crucial information. This study is very
useful for the present study since it deals with the samc type of instrument, the CTA
and contextualised assessment tasks. However the present study identifies the process
skills used to decal with problems in a ‘real life’ situation and an in depth analysis of
the learners’ performances on the process skills in the Natural Scicnce CTAs will

establish whether the above remarks can be supported or not.

2.7.2  Implications of this review of CTA studies for the dircction of the present
investigation

Any form of cducational transformation lends itsclf to certain problems — either

internally or externally. Since this study was about the performance of Grade 9

learners on the Natural Science CTA, the rescarcher also looked at any possible

administration problems that could have developed during its implementation.

In summary, assessment has been highlighted as a crucial tool in education. Recently
the CTAs have been introduced as a form of systemic assessment, as described in
Chapter 1, and their stated purposcs were used as criteria for judging the quality of the

instrument uscd in this study, the CTA test. This scction of the literature review has



Chapter 2 . Literature Review 67

also raised issucs of accountability, the usc of external assessment and the poor use of
formative assessment. Therefore one objective of this study was to reveal whether or
not the CTA could be used as a tool to measure the overall performance of learners
from diffcrent categorised schools. Another objective was to measure the quality of
the instrument used and to decide whether the issucs of accountability and lack of

formative assessment could be answered fairly.

Knowledge of these problems related to the CTAs implementation fostered an outlook
for similar problems that could have hampered the performance of learners in 2004.
The above studics looked at diffcrent learning arcas but this present study considered

only Natural Science.

2.7 Chapter summary

In this chapter the litcrature review was presented in three sections. Firstly an
overview was given of the issues and debates in the field of academic performance
testing and assessment. Secondly, possible factors that have been identified as
influencing academic performance have been discussed.  Thirdly, an overview of
assessment has been given, with emphasis on the CTA - and past problems discussed

involving its implementation.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

The approach adopted in this study engaged a combination of both quantitative and
qualitative research methods, as indicated in Figure 1.1 (Flow diagram) on page 29 of

Chapter 1.

In section 3.2 beclow, a description of Phasc 1 presents the aims, purposcs, justification
for and outcomes of the small-scale feasibility study that was conducted using an vx
post facto research methodology. This section describes the origin, source, usc and
composition of the 2004 Natural Science CTA examination paper as a whole, and
briefly introduces the process skills and Assessment Standards it contains. The first
data-gathering instrument (the sccond part of the 2004 Grade 9 Natural Science CTA
examination, namely, section B) is presented and explained in more detail in terms of
its composition, length, content and rcadability. This includes a more detailed analysis
and classification of the process skills, Learning Outcomes and Assessment Standards

pertaining to cach onc of its 25 CTA items in turn.

During the feasibility study trialled in Phase I, the completed CTA cxamination scripts
of twelve classes of learners were obtained from three conveniently available high
schools - one of low socio-economic status (SES), one of medium SES and onc of high
SES. A preliminary analysis was made of the raw scores of 511 Grade 9 learners —
lecading to the formulation of several recommendations for planning and extending the
study to an cnlarged Phasc I, the main study (thc findings which arc reported
subsequently in Chapter 4), involving twelve new high schools. The raw score data
generated by the pilot study in Phasc I was also used to cstablish a satisfactory

rchiability coefficient for Section B of the Grade 9 Natural Science CTA.

In scction 3.3, Phasc II of the methodology of the main study presents the two focus
questions and the seven research sub-qucstions. It describes the arrangements made for

the large-scale collection of quantitative data once again utilising an ex post facto
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research methodology. The selection, size, context and nature of the twelve high
schools arc described. Next, the data collection procedures for Phasc IT arc described in
terms of their ethics, management, permission, sequence and time-table. Then the lists
of dependent and independent variables are presented and, finally, the intended data

processing procedures and techniques are introduced.

In section 3.4, Phase HI of the methodology and procedure introduces the triangulating
qualitative data generation strategies. The roles and design of the follow-up interviews
and their procedure are outlined in terms of their purposcs of data corroboration,
cxplanation, validation, claboration, clucidation and clarification. The sclection of six
tcachers and 52 learners for the follow-up interviews in 2005 is described, and their
contexts are also noted. The sccond and third data-gathering instruments — namely, the
interview schedules (for both learners and tecachers) — arc cxplicated, and then the
interviewing procedurcs and precautions are outlined. Phase [T ends by describing the
synthesised methodological contributions of Phases I, II and III to producing data for a

final discussion of various aspects of the validity of the CTA in Chapter 5.

Scction 3.5 summarizes the chapter.

32 Phase I:  The feasibility study

3.2.1 Aims and purposes of the feasibility study, and their justification

The focus of the preliminary feasibility study carly in 2005 was on studying the
responses of conveniently available classes of lcarners to the 2004 Grade 9 CTA
Natural Science test paper, a copy of which is reproduced in Appendix 1. The learners’
performance scores on each of the 25 items were readily at hand for the purposes of the

investigation.

In the Phase I pilot study three conveniently accessible schools were randomly selected
- one in a high status suburb, one in a middle-class suburb and one in a low SES
suburb. When approached, the principals of all threc schools willingly loaned their
lecarners’ scored CTA cxamination scripts to the writer (the researcher) for preliminary
analysis.

The aim and purposcs of the feasibility study were to:-
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1.

10.

detect whether the two-hours-long CTA test paper as a wholc might be interpreted
by cducators as too casy, too hard, or at a rcasonable level of difficulty;

calculate a preliminary reliability coctficient for the CTA (using the lcarners’
performance scores from the three schools) to determine whether it was
sufficiently high to justify its use in the continuation of the rescarch;

gauge whether there might be a possible association of ranked SES lcvels with
overall levels of performance among the three schools;

find out whether the CTA scripts were readily accessible from various schools
and whether teachers and lcarncers were acccssible for possible follow-up
interviews when required;

rchearse and establish an efficient procedure for cntering the data on Excel sheets
for easc of analysis;

develop a formal proccdurc for securing permission from the Department of
Education and from school principals;

anticipate problems that might develop during an extended collection of the CTA
data and the recording of marks from more schools (for example, the possibility
of some learners’ scores being missing; or the chances of incorrect score totalling
within the schools; etc.);

rchearse the feasibility of using appropriate statistical methods on items’ scores
(c.g. mcans, standard deviations, tcsts for normality, correlations, exploratory
factor analysecs and the correct sclection of either parametric or non-parametric
statistical tests);

establish and define scveral possible pertinent dependent and independent
variables (such as SES and gender);

detect whether there were statistically significant differences in performance
between the three schools of different socio-cconomic status (SES) on sclected
CTA items of interest, to direct further possible research in an enlarged analysis

with more schools in Phase II.

3.2.2  Origin, sourcc and use of the instrument

The grade 9 CTAs (Common Tasks for Asscssment) were introduced and piloted by the

Western Cape Education Department in six different learning areas in a few schools in

2003. The prescribed CTA cxamination was sct externally but marked internally in 503

schools in the Western Cape in 2004. 1t served as a common moderating tool for CASS
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(Continuous Asscssment) across schools, and learners were allowed two hours to

complete it.

Continuous Assessment is school-basced and, at present. it constitutes 75% of the total
assessment of a Grade 9 lcarner. All lcarning arcas, including the science CTA, have
two components. In the first component, learning, tcaching and asscssment activitics
arc created for learners to demonstrate their achievement of a varicty of skills,
knowledge, attitudes and values (SKAV). For example. the first component of a CTA —
Section A — might specify that a group practical investigation be carried out in class
through co-operative learning. However, in Section B of the CTA., cach learner would
be obliged to perform this second component individually instead (DoE, 2002b). Each
task in Section A and Section B was contextually designed. This meant that “links arc
made right at the start of the topic, and used as a starting point to introduce and develop

scientific ideas™ (Bennett, 2003:102).

3.2.3  Process skills and Assessment Standards in the 2004 CTA Science instrument,
and 1ts readability

The Grade 9 Natural Science CTA Sections A and B (Appendix 1) contained questions

involving certain process skills. Classified by a panel of four collegial specialists in

Natural Science and a subject advisor, and expanded in more detail in Appendix 2, the

seventeen process skills (DoE, 2002c¢) that were evident in the 2004 science CTA were

mainly the following:

o Inferring

. Interpreting information

. Communicating science information
. Planning science investigations

. Identifying variables

J Recording information

. Decision making

. Problem solving

o Drawing a conclusion

. Recalling meaningful information
. Obscrving and comparing

. Sorting information
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) Hypothesizing (infcrred)

. Evaluate information

J Raising question about a situation

. Applying knowledge

. Justifying an argument (scicntific rcasoning)

Appendix 2 also records the various agrced RNCS Assessment Standards associated
with items 1.1 to 5. The acceptable minimum score was decided upon by the pancl of
experienced teachers, after consensus was reached. According to Sicborger (2004:39),
“asscssments of outcomes n practice will need to be flexible™, and educators should
discuss with other *‘teachers or asscssors” what can be regarded as acceptable to
achieve the outcome. This was done, based on the percentage of lcarncrs who reached

the achievement level.

A readability index was calculated on three paragraphs in the Natural Science CTA
using the Flesch’s formula nomogram (Harrison, 1980: 77-78). This showed a reading
casc score of 74, which implied that thec 2004 CTA test was close to being fairly casy to
read at the 15-ycar-old level.

The degree of competence levels were identified by using Green and Naidoo’s (2006)
framework. This was established by classifying the diffcrent process skills under cach
level of cognitive competence (sce chapter 2, page 40). This was donc to establish the

level of the tasks presented in the Natural Science CTA.

3.2.4 Data collection procedurc for Phase |

The pilot study research design entailed an ex post facto approach; in other words, the
raw data werc alrcady available for a quantitative analysis, which included preliminary
stages of refinement, systematisation and purification. According to Kerlinger (1986)
an ex post facto research methodology is one in which the independent variable or
variables have already occurred and in which the researcher starts with the obsecrvation
of a dependent variablc or variables.

Early in 2005, the pilot data collection procedure for Phase I was as follows:

o Permission was granted by the Department of Education to conduct the necessary

rescarch. Appendix 8 contains a copy of the letter of permission.
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. Preliminary meetings were arranged separately with the three principals to discuss
what the research entailed.

J A qualitative aspect of the data production cntailed rchearsals of interviewing
teachers and curriculum planners telephonically and face-to-face using a tape
recorder.

. Data were collected from the three pilot schools, involving 51 Grade 9 Science
learners. during February 2005.

. The item scores from cach individual CTA. supplied by the schools, were

capturcd in Microsoft Office Excel and then exported to Statistica carly in March,

2005.

Finally. the items were provisionally classified taxonomically by the writer, with
assistance, utilising the RNCS (DoE, 2002c) catcgorics, with specific reference to

proccess skills and Learning Outcomes (see Appendix 2).

3.2.5 The pilot school samples A, B and C

(a) Selection procedure

Three schools were chosen purposefully to represent the different levels of SES as
defined on page 27 of Chapter 1. To preserve their anonymity and to prevent their
recognition or identification, they are described below in broad detail only. Former
House of Asscmbly schools arc designated HOA; former House of Representatives
schools are designated HOR; former Department of Education and Training schools are

designated as DET.

(b) The samples and their contexts

Sample A was a very well resourced school with learners coming mainly from middle
to affluent class backgrounds. School A’s sample consisted of approximately 150
Grade 9 learners in a high SES school in the Western Cape. It was a former HOA
school. This was an all-girls school with English as the predominant first language.
Only 3% of the lecarners spoke Xhosa as their first language with English as their
second language. The annual school fee levy was in the range R10 000 to R12 000.
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Sample B consisted of leamers mainly from working class to middle class backgrounds.
School B’s sample comprised 121 Grade 9 learncers in a medium SES school in the
Western Cape. It was a former HOR school. 52% of the learners were female and 48"
were male. Only 2% spoke Xhosa as their first language, with English as a sccond

language. The annual school fee levy was in the range R900 to R1500.

Sample C consisted of learners from a working class background. School C’s sample
comprised 240 learners in a low SES school in the Western Cape. It was a former HOR
school. 52% of the lcarners were female and 48% were male. 14% spoke Xhosa as their
first language, 52% spoke English as their first language and 34% spoke Afrikaans as

their first language. The annual school fee levy was in the range R400 to R600.

3.2.6  Outcomes of the feasibility study

(a) Most of the scripts proved to be readily accessible from the schools.

(b) Problems arising during the collection of the CTA were noted. For example: it
was discovered that procedurally one should first speak directly to the principal,
and only then to the Natural Sciencc teacher instcad of to the head of
department who did not necessarily know where the learners’ CTA examination
scripts had been storced.

(c) Data for computing were entered cfficiently by itcmising cach CTA question.
Data capturc was conducted cither in adult pairs — where one person rcad out
thc marks and the other rccorded the marks on the computer - or data were
entered by the rescarcher alonce.

(d) Figure 3.1 presents the distribution of the raw scores for the 511 Grade 9
learners from the three pilot study schools, A, B and C taken as a whole, for
their performance totals on Scction B of the 2004 Grade 9 CTA. The scorcs
were highly skewed and ranged from 1 to 73 marks out of 80, with a mean scorc
of 28.8. Thc percentages on the top of each column designate the percentage of
the whole sample that scored in the specified 10-mark range; c.g. 18% of the

learners scored between 10 and 19 marks.
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Frem the resulis of the pilol study (mean score of only 36%), 1t appeared that the CTA

tost paper may have been oo hard for the majority of leamers sampled in Phasc 1,

(e} For the 511 learners, the compated Cronbach alpha reliability coefficient of the
CTA in the pilot study (Phase I¥ was found to be o — .94, This was a very
acceptable value and indicated that the intended investigation could continue as

planned with an enlarged sumple of schools in Phase 11, the mam stuady.

if) Table 3.1 presents a comparison of the performance score tals of the samples

of Jearners in the three schools A, B and C on the Natural Scicnce CUTA 1est,

Table 3.1: A comparison of the sampled Natural Scienee C'TA
performance score totals of the high SES schoal., the
medium SES school and the low SES school in the
pilot study

School SES © Samplesize  Mean < SD Mean seore
i {r:m\'c.niﬂnt} | (uut ol B0} : ")
Ex T 130 SHA=10.2 68.0%
1§ Medium ] 43T 126 43.0%
C Low ' T 00t b6 T

The findings reported in Table 3.1 suggested that the 2004 science CTA may
have heen too easy for the Grade 9 learners in school AL Furthermore, it scemed
that level of SES or peographical location was related 1o the performance levels

in the samples taken from the three schools. The gher the SES of the schoal.
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(1)

the better was the mean seore, although the sampling was convenient, rather

than purcly random.

The independent variables identificd 1or mvestigaton in Phase 11 were then
selected as: fearner's home lungnage, name of learner s school, gender and SES
fas determined by school fee level).  The identificd dependent variables
selected were the fearners” separate scoves for all 25 items indivadually in the

CTA. and ihe fearsers CTA rest seore feerds out of 800

Appendix 3 records the 511 |eamers’ wean scorcs tor cach item. Learners
scorcd partticularly low marks for certain items compared to others, notabhly
items 210 2.5, 2.6 and 2.7, The whole of question 2 was an investipatory
guestion on the topic of “vartables™. The mean scores recorded for porformances
on item 2.1 were generally very Jow across the three schools.  Despite the
infowemation given, the learners could not identily the correct variable, i.¢. the
thickness of the pencil lead, The overall response to iem 2.5, which related to

variahle wdentification by the learners, was also inadequatce,

According to the mean values. the lcamers i schools A and 13 performed well
in “interpreting information” for the ollowing tems: 4.2 (b1, 4.2 (b)2 and 4.2
(h)3 on chemical formulae (sce Appendix 4). However, the mean scores for
these items in school C (low SES) were very low (with values of (.25, (110 and
(02 respectively) compared (o the scores in the other schools.  In these
particular 1tems, three straight Ime graphs were given and questions were
broken down.  This finding possibly implied: either those learncrs from the
other two schools (high SIS and low o medium SES) had spent a lot of time
previously working theough these types of problems, or that the CTA problem

itselt had not been sufficiently clearly stated.

Appendix 4 presents an exploratory factor analysis ol the 25 items using the
scores from the three schools A, B and C. There was a prelinmnary mdication
that the structure of CTA may have contained four discernable components
accounting tor perhaps 73%; of the total vananee in the scores. which was a very
promising [Inding, although tentative on account of the relatively small sample

size in the pilot study.
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1)

Extended permission was granted from the head of the Western Cape Education
Department (WCED) who was favourably disposed to enlarging and widening
the study. Subsequently, appointments were sct up to meet with ten more

principals to ask permission to use the learners” CTA cxamination scripts.

Recommendations emerging from the pilot study (Phase I), for the subsequent

planning and design of the main study (Phase 1I), werce as follows:-

The number of schools involved could now be cxpanded from three to twelve
(with three schools to be purposcfully selected in each of four levels of defined
SES: high, medium, medium-low and low respectively).

At each school the CTA examination scripts would be sought from a person
who was involved with the tcaching of Natural Science, instead of “‘just
anyonc”. This should spced up the process of collection. The pilot study
cxperience had suggested that people approached also tended to develop an
interest in the outcomes of this study. This was pertinent for arranging follow-
up interviews about the CTA with teachers and lcarners.

It would be pertinent to remind the designated teacher to collect the CTAs, by
repeated telephoning if necessary.

It would be important to seek permission from teachers and principals for CTAs
to be borrowed for a reasonable period of time, since entering the large amount
of data would be time-consuming. If scripts were required to be returned to
schools as soon as possible, it would be important to do so.

Also it would be important to cnquirc about the total number of Grade 9
learners who wrote the CTAs and whether the CTAs given would be a
rcasonably representative sample of learners; for example, some samples of
learners available might not nccessarily be graded according to past academic
achievement.

A thank-you note would be written to the principal and teacher after collecting
the CTAs, since finding scattered and discarded CTAs in the store rooms in

schools could be a tedious task itself.

Overall, the pilot study worked well, with no serious complications.
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3.3 Phase II: The large scale quantitative study

3.3.1 The research questions

1. How did a sample of 1572 lecarncrs and their teachers experience the 2004 Grade 9
Natural Science Common Tasks for Assessment (CTA), Section B, as a potential
instrument of performance and cducational achievement?

2. Why did the learners perform in the ways that they did, and what deeper insights
into the learners’ achicvements on the CTA were gained when their responscs

were analyzed?

In order to probe the two focus rescarch questions, the study considered scven
dimensions: lcarner performance, learners’ misconceptions, SES, the quality of the
CTA as a test, gender, home language and the intcraction between gender and home

language. These gencrated several sub-questions, as follows:-

Sub-question no.1 - Learner performance

On which of the 25 items in Section B of the 2004 Grade 9 CTA in Natural Science
did the mean scores for thc combined sample of 1572 learners from 12 schools, taken
as a whole, mcet or cxceed the specified minima for acceptable levels of

performance?

Sub-question no.2 - Lecarners’ misconceptions

Were the learners’ misconceptions in knowledge and skills found to be similar to
thosc already known in the published literaturc; and did there appecar to be any
misinterpretations of certain questions when representative samples of English-
speaking, Afrikaans-speaking and Xhosa-speaking learners had their CTA answers
scrutinized in depth through interviews with teachers and learners, as well as their

scripts?

Sub-question no.3a - The quality of the CTA

Did the in-depth interviews conducted with the sclected teachers and learners reveal
possible short-comings in the wording and composition of each one of the items 1 to 5
(c.g. in respect to clarity, length, layout, degrec of abstraction, sequencing, weighting,

appropriateness for RNCS 2002, ambiguity and diagrammatic reprcsentation?)
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Sub-question no.3b - The quality of the CTA

Did the in-depth interviews produce triangulating evidence that clearly illuminated,
explained. corroborated or amplified the empirical findings presented as answers to the

research sub-questions 1 and 2?

Sub-question no.3c — The content of the CTA
To what extent did the CTA cover process skills, Learning Outcomes and Asscssment

Standards?

Sub-question no.4a — Socio cconomic status considerations

When the 12 sampled schools were grouped into four bands according to SES (threc
highest SES, three second-highest SES, three third highest SES and three lowest SES),
did the levels of the 12 CTA average scores (totalled out of 80) correspond uniquely

with cach of the four bands?

Sub-question no.4b - Socio economic status considerations
Were there significant differences between the mean total CTA science scores of the

four bands of 12 schools grouped according to their SES?

Sub-question no.4c - Socio economic status considcrations
Did the high level SES schools perform better than the lower level SES schools on all

25 items in scction B of the 2004 CTA examination in Natural Science?

Sub-question no.5a - Gender considerations
Was there a significant difference between the total achievement score totals of the

912 females and the 660 males on the 2004 Grade 9 Natural Science CTA?

Sub-question no.5b - Gender considcrations

Woere there significant differences between the achievement scores of the 912 females
and the 660 malcs on cach onc of the 25 items of the Grade 9 Natural Science 2004
CTA?

Sub-question no.6a - Home language considerations

Were there significant differences among the total achievement scorces of the Grade 9

Natural Science CTA between Xhosa -, Afrikaans - and English-speaking lcarncrs?
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Sub-question no.6b - Home language considerations

Were there significant differences in academic achicvement among Xhosa - .
Afrikaans - and English — spcaking learners on each onc of the 25 individual items of

the Grade 9 Natural Science 20047

Sub-question no.6¢ - Home language considerations
Were there significant differences among Xhosa- , Afrikaans- and English-speaking

lcarners on the total mean CTA scorc when sub-grouped according to their SES?

Sub-question no.7a - Gender, home and language interactive cffects
Were there significant differences between males and females on the total
achievement scores of the Grade 9 Natural Science CTA 2004 when sub-grouped

according to language?

Sub-question no.7b - Gender, home and language interactive effects
Were there significant diffcrences between males and females on each one of the 25
individual items of the Grade 9 Natural Scicnce CTA 2004 when sub-grouped

according to language?

3.3.2 The samples

(a) Selection

Purposive sampling was implemented to include learners at all levels of socio-
economic status, as rccorded in Table 3.2. In purposive stratificd sampling the
researcher chose the sample to be included in the study to suit and satisfy the specific
nceds of the rescarcher (Cohen, Manion & Morrison, 2003). In order to group the
schools appropriately, school fee levels were selected as the criterion (Fiske & Ladd,
2004). Some ecarlier studics in the UK, USA, Australia and RSA had shown that
student achievement varied with the social types of school attended, 1.c. their SES (c.g.
Ainley, Gractz, Long & Batten,1995; Ekstrom, Goertz, Pollack & Rock, 1986, cited in
Attwood; Riddcll & Nyagura, 1991 and Rothman, 1997).

Each of the twelve sclected Western Cape schools was grouped within onc of the four
SES bands (ranging from low fees to high fecs). I divided the schools in this manner,

based on the school fees and my assumption that the main reason for the majority of
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learners attending the school was because of affordability purposes as reasoned by
Fiske and Ladd (2004). Parents who send their children to a particular school are able
to afford 1it. However, schools situated in a high status suburb arc attended by “middle-
income lcarners™, whose parcnts can afford the school fees or “lower-income learners™
who are cither exempted from school fees or pay partial school fees. (Fiske & Ladd,
2004:71). Table 3.2 summarizes a description of the twelve samples of schools and

their learners in terms of sceveral of the selected parameters (including three of the four

independent variables).

Table 3.2 The 12 Western Cape schools selected for the main study, grouped
according to socio-economic status, background and school fee levels

School SES Annual school fee Gender Number of
code level (Rands) composition of learners
name learners who tested in Grade 9

wrote the CTAs (and the
proportion
used for
statistical
analysis
expressed as a
percentage)
Female Male

BLUE 1 R10 000-R15 000 0 51 124 (41%)
RED i R10 000-R15 000 150 0 156 (96%)
PINK i R10 000-R15 000 178 0 178 (93%)

PLUM 2 R7 000-R9 000 76 53 198 (65%)

GRAPE 2 R7 000-R9 000 50 48 139 (84%)

APPLE 2 R7 000-R9 000 126 104 341 (82%)
BETA 3 R4 000-Ré6 000 53 48 138 (73%)

ALPHA 3 R4 000-R6 000 40 32 87 (82%)
GAMMA 3 R4 000-R6 000 74 78 226 (67%)
MARS 4 RO-R1 000 36 64 210 (48%)
VENUS 4 RO-R1 000 66 56 122 (49%)
Neptune 4 RO-R1 000 114 126 240 (100%)

(b)

Description and contexts

First level SES schools

School Blue was a former “whitc” school (model C school) situated in a “high status

suburb™ in the Western Cape. English was the predominant first language. It was a well
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established boys’ school. The majority of learners came from middle class or affluent
backgrounds. The school had a capacity of 700-750 lcarncrs and 50 teachers. The
tcacher:pupil ratio was 1:30 in Grade 9. Most Grade 9 lcarners completed
matriculation (Grade 12) so there was no ‘drop-out’ problem. Of the 51 learners who
wrote the CTAs, only 3% spoke Xhosa as their home language, with English as a

sccond language.

School Red was a well established girls’ school in the Western Cape and was a former
“white” school (model C school) that belonged to the former House of Assembly.

The majority of lecarners came from middle class or affluent backgrounds. The school
had a capacity of 700-750 Icarners and there were the equivalent of 55 teachers. The
teacher: pupil ratio was 1:30 in Grade 9. Of the 150 lcarners who wrote the CTAs, only

3% spoke Xhosa as their first language with English as a second language.

School Pink was a girls’only school that belonged to the former House of Assembly.
The total number of learners in the school was of the order of 800-900 and there were
59 tcachers. The majority of learners came from middle class or affluent backgrounds.
The teacher:pupil ratio was 1:25 in Grade 9. Of the 178 learners who wrote the CTA,
only 3% spoke Xhosa as their first language with English as a second language. The

majority of the learners completed matriculation.

Second level SES schools

Schools Plum, Grapc and Apple were all former House of Assembly schools in the

Western Cape. The majority of learners came from middle class backgrounds.

School Plum had a capacity of 1100-1200 learners of whom approximatcly 600 werc
girls and approximatcly 500 boys. The teaching staff consisted of 72 teachers, and the
teacher-pupil ratio was 1:36 in Grade 9. 1t was an English medium school. Two
percent of learners spoke Xhosa as their home language, and the rest spoke English.
Of the sample of 129 learners who wrote the CTA, none spokc Xhosa as their first

language.

School Grape had a capacity of 550-600 learncrs with equal proportions of boys and

girls. There were 30 tcachers, and the teacher:pupil ratio was 1:35 in Grade 9. The
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majority of learners spoke English as their home language; 5% spoke Afrikaans and 3%

spoke Xhosa. About 80% of Grade 9 learners reached matriculation.

School Apple had a capacity of 1300-1400 learners of whom approximatcly 540 were
girls and 800 boys. There were 36 tcachers and the tcacher: pupil ratio was 1:35 in
Grade 9. It was an English-medium school with the majority of lecarners English-

speaking.

Third level SES schools

Schools Alpha, Beta and Gamma were all former House of Assembly schools in the
Western Cape. The learners who attended these schools came from working class

backgrounds.

School Alpha was an Afrikaans medium school in the Western Cape with a capacity of
300-400 lcarncrs. There were 19 tecachers and the teacher:pupil ratio in Grade 9 was

1:30. A high percentage of learners who were in Grade 9 reached matriculation.

School Beta was an English-medium school with the majority of learners using English
as their home language. The school capacity was 600-700 Ilcarners of whom
approximately 400 were girls and approximately 270 boys. There were 32 teachers and

the teacher: pupil ratio in Grade 9 was 1:37. However, it varied per subject and grade.

School Gamma was an Afrikaans-medium school with a capacity of 1000-1500 learners
of whom approximately 650 were girls and approximately 550 boys. There were 54
teachers and the teacher: pupil ratio in Grade 9 was 1:35. About 85% of learners who

were in Grade 9 matriculated.

Fourth level SES schools

School Mars was a former Department of Education and Training (DET) school in the
Western Cape with a capacity of 1400-1500 learners of whom 900 were girls and 550
boys. There were 45 teachers and the teacher:pupil ratio in Grade 9 was 1:40. All the

learners spoke Xhosa as their home language. Only 60% of Grade 9 learners reached
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Grade 12. The school was situated in a working class arca and the lcarners who

attended the school were all from working class homes.

School Venus was a former House of Representatives school.  This school had a
capacity of approximately 650 learners with boys and girls in approximately cqual
proportions. There were 28 teachers and the tcacher:pupil ratio in Grade 9 was 1:51).
Most of the learners (64%) spoke Xhosa as their home language; 15% used Afrikaans
and the rest spoke English. According to a teacher who had been teaching at the school
for a long time, only about 50% of the learners in Grade 8 rcached matriculation. The
rest either took longer, after failing a grade or two, or left to attend other schools.
Although the school was situated in a working class arca, the lcarncrs who attended the

school were all from working class homes.

School Neptunce was also a former House of Representative school in the Western
Cape. It had a capacity of 900-1000 lcarners with more than 500 boys and 400 girls.
There were 30 teachers and the teacher:pupil ratio in Grade 9 was 1:45. 55% of the
lcarners spoke English as their first language, 40% spoke Afrikaans and 5% spoke
Xhosa. According to a teacher who had been teaching at the school for a long time,
only about 50% of the learners in Grade 8 rcached matriculation. The school was
situated in a working class area and the lcarners who attended the schoel were all from

working class homes.

3.3.3 Data collection procedures

An appointment was set up to mect each principal. A letter of permission from the head
of the WCED and a letter drafted by myself, cxplaining my research study and its
value, were handed to the school’s sccretary. Once permission had been granted by the
principal, the tcachcr who was involved with the Natural Science CTA assessment
collected the CTA examination scripts from scveral classes, and either the sccretary or
the teacher telephoned me to collect the CTAs. Each letter was signed by the principal
to ensure that permission had been granted. Confidentiality with respect to the school

and learners’ names was discussed with either the principal or the teacher concerned.

The CTAs from the different schools were collected from mid-April to the end of Junc
2005. Each school suggested that a period of about a week be allowed for them to
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locate and collect all the CTAs. During the interim period telephone calls were made to
the various schools’ sccretarics to remind the teachers about locating and retrieving the

CTA cxamination scripts.

3.3.4 Sclection of dependent and independent variables

For the quantitative study the independent variables selected to be investigated were the
learners’ home language, gender and SES of the school. The dependent variables were
the learners’ scores for all CTA 25 items taken scparately and the learners” CTA test

score totals as a whole.

3.3.5 Trcatment of the quantitative data

The marks allocated to cach CTA task varied from item to item. as recorded in

Appendix 5, and the whole test totalled 80 points.

The software package Statistica was selected to perform the statistical analyses. The
spreadshcets were preparcd by naming each column according to gender, home
language, SES of the school, item number and total score. The scores generated by
cach correctly marked item were entered into the computer by the rescarcher. The
methods of analysis involved calculations of means, standard dcviations, tests for
normality, the correct selection of either paramectric or non-parametric tests,

corrclations and factor analysis.

34 Phase III: Production of the qualitative data

3.4.1 The interviews with the lcarners and the teachers

(a) Purposc

The purpose of the interviews was to obtain data to judiciously corroborate, explain,

clucidate or moditfy, with caveats, the main findings emerging from Phasc I, in a

process of methodological triangulation. Details of the interview schedules are given

and explained below in sections (g) and (1).
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(b) Procedure

Focused intervicws were conducted with groups of purposcfully selected learners.
Each group of Grade 10 interviewees contained learners with representative patterns of
characteristics, i.c. cach interviewed group included a combination of learners who
scored cither a low, medium or high percentage total for their CTA. A focused
interview research strategy was appropriate for the study at this point since it
concentrated on lcarners’ responscs to certain CTA questions which were written by the
particular lcarners themselves in 2004 and subsequently analyzed prior to the

ntervicws.

(b) Focused interviews

In a focused interview, all the people interviewed have been involved in the same
situation. In this instance, all of them wrote the CTA in 2004. Another featurc of this
particular interview is that the researcher has a basic idea of what to focus on during the
interview sincc the rescarcher has had an opportunity to identify certain clements
during the pilot study (Mecrton & Kendall, 1946, cited in Cohen, Manion & Morrison,
2000).

For example, if — in the current study — learners under-performed appreciably on the
CTA items when required to interpret graphs, compared to their better performances on

other CTA items, then this finding was raised for discussion in the interviews.

In the present study the rescarcher selected and based the interview questions on the on-
going analysis and findings of the cxisting, most recent data. For example, a decision
was taken to interview learners on Question 2, since most learncrs across schools had
performed so poorly on this question. The actual interviews also concentrated on the
subjective experiences of the people who had been exposed to the cducational CTA
situation. Their responses cnabled the researcher not only to test the validity of the
hypotheses but also to ascertain unanticipated responses to the CTA test situation, thus

possibly gencrating additional hypotheses before the cnd of the study.

Data obtained from an interview might substantiate or refute a previously formulated

hypothesis (Cohen, Manion & Morrison, 2000). Merton and Kendal (1946), cited in
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Cohen, Manion and Morrison, (2000:290), cxplained the advantages of the focused

interview as follows:

Fore-knowledge of the situation obviously reduces the task confronting the
investigator. since the interview need not be devoted to discovering the objective
nature of the situation. Equipped in advance with a content analysis, the
interviewer can readily distinguish the objective facts of the case from the
subjective definitions of the situation. He [sic] thus becomes alert to the entire
field of ‘selective response’. When the interviewer, through his familiarity with
the objective situation, is able to recognise symbolic or functional silences,
“distortions” avoidances or blockings. he is more prepared to explore their
implications.

Triangulation is defined as *‘the process of checking the findings from one source of
data with thosc from another™ (Vulliamy, Lewin & Stevens, 1990:106). Thus the
interviews conducted helped to ‘triangulate’ the data obtained from the previous CTA

analysis.

(d) Selection of learners for interviews

Grade 10 learners were selected for interviewing because they had already written the
prescribed CTA the previous year. Purposive stratificd sampling was used in order to
select learners from six different schools. Based on their performances in the CTA, the
names of learners were suggested by the rescarcher to the teacher. Since the researcher
had possecssion of the learners’ scripts, it gave her freedom to consult with class
teachers and select a group of twelve to fifteen learners from cach school. These were
re-grouped further, in the analysis stage, according to their overall score in the CTA.
They were divided (on paper) according to low, medium and high achicvers, i.e. the
tcacher chose two or three learners from each group who expressed willingness to be
interviewed in either English or Afrikaans. Learners were chosen in this way in order

to get a good spread of achicvement levels.

(e) Construction of the interview schedule for learners

A tentative interview schedule was designed, based on the carlier data analysis of the
learners’ performances on items in the CTA in Phase 1. As cxplained in section (f)
below, it consisted of six main or lcading questions accompanied by follow-up or
probing questions (see Table 3.3). The interview questions were linked directly to

certain CTA items which learners had difficulty in answering, which had been
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determined from low mcan scores. Having drafted the questions, the proposed
schedule was given to two cxperienced qualitative rescarchers to face-validate

(Khanyane, 2002). The face validation was performed to cnsure that:

e the questions asked were clear, simple and straightforward to accommodate for
English second-language lcarncrs;

e lcarners would have little difficulty understanding what was being asked;

e the questions were not ambiguously phrased; and

e the questions were designed to mecet the research objectives.

(H Piloting the interview schedule for lecarners

According to Verma and Mallick (1999), a pilot study can be helpful when researchers
arc incxpericnced in administering research techniques. However, as an experienced
teacher, I, the researcher, had developed many of the necessary questioning skills like
insightful probing and allowing learners cnough time to answer the questions without
any interjection. [ also had thc opportunity to interview learners during the previous
year in onc of my BEd (Honours) courses and this cxperience and practice assisted mc
in avoiding certain pitfalls associated with conducting interviews; c.g. “lecading the

witness” (Nkopodi & Rutherford, 1994:300).

For my preliminary pilot study of the proposed schedule of questions, six Grade 10
learners who had written the CTA were interviewed solo and tape-recorded. I chose a
school where Icarners spoke English as a second language so that it would be casier to
detect and simplify any awkwardly worded questions. My supervisor was present
during some of the earlier interviews so that suggestions could be given after the
interview. Because the learners in the first set of interviews were Xhosa-speaking, their
normal classroom science tcacher suggested that she be present as well during each
interview in case her assistance was required to translate questions to any onc lcarncr
who was not clear. The interviews took approximatcly 15-20 minutes cach, and they
were conducted in a specially arranged office in which learners were made to fecl
comfortable and relaxed. The following methodological procedures were incorporated
into the interviews:

The pre-determined questions were asked cxactly as they were written.  Altering

questions might have changed the intended meaning and therefore might have failed
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to clicit the required information. This was explained to the school’s science teacher
present.

If the lecarner’s responsc was not clear, probing was donc by me, the intervicwer, for
explanation and clarification. Trochim (1999:130) suggested that the most effective
way to encourage somconc to claborate is to pausc and wait, and this he refers to as
the *“silent probe™. It suggests that the interviewer is waiting and listening for what
they will say next.

I made an attempt not to finish questions for the respondent, as this could “lecad™ the

interviewee, hence affecting the response.

After completion of the pilot study, comments were made by my supervisor on the
questioning technique and how it could be improved. According to my supcrvisor the
interviews went very well. However it was suggested that I should sometimes ask the
learners to raise their voices, and also repeat what learners said, for clear transcribing
purposcs later. Besides this one change, no major changes were made after the piloting
phasc. Since this change was relatively small, results from the pilot study werc also

included in the final data set.

(g) Interviews with learners in the main study

Although the original interview schedule ensured uniformity of questions across
participants, each particular interview in the main study was cventually slightly
different from the others due to the further probing elicited following the interviewees’

responses?

I, the researcher, ensured that appointments were madc prior to interview dates. In total,
52 learners were interviewed (Table 3.3) during a seven-day period in September 2005.
Tcachers looked for an available room within the school premises (such as a library, an
interview room, a vacant officc or a laboratory). As a visitor, I was already familiar to
the school’s staff, having collected the CTAs from cach school carlicr at the beginning
of the year. However, I again explained the purpose of the study and, after teachers

were assurcd of confidentiality, the interview sessions began.
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Table 3.3 presents the interview questions with the necessary reasons for selection.

Table 3.3: An interview schedule for learners

learners was, with regard
to the test.

Main question Reason for question Possible probing
Questions
1. Do you think the questions were set in To find out what the - Did you
an unfair or fair way? overall opinion of find specific

questions difficult?
Give me an example.
- Why?

2. Did you find the language used in the
test difficult or not?

To find out whether the
English used in the

test was of a standard
level or too difficult.

- Why?

- Would you

have preferred the
the Natural Science
CTA to have been
written in Xhosa?
(this question was
specifically asked for
Xhosa learners)

3. Referring specifically to CTA Question
2, this question is about the
investigation method. Many teachers
complained that this question needed
attention.

o Do you know what a variable is?

¢ Explain to me in your own words
what a variable is.

¢ Did you learn about variables in your
class?

¢ When or where?

The overall
performance of learners
on this question was
very poor and the
researcher needed to
find possible reasons for
the under-performance.

4. Referring to CTA Question 4.2 and
Question 5, could you, or could you not,
make sense of the graphs?

To find out if there was
anything about the
graphs that learners
might have had
problems with or
interpreting graphs in
general.

- Why?

5. Referring to item 4.1(a):-
(i) What do you understand about these
diagrams?
What are they showing you?
(i1) Did the key in item 4.1(a) help you
find the formula?

To find out: if the
diagrams were useful

or not; whether

the learners could
interpret them; and if they
knew that the balls
represented atoms.

- Was it useful?

6. Are the types of questions asked in the
CTAs different from what you are used
to getting in class?

To find out if learners
were familiar with the type
of questions asked and
their opinion on the style
of questioning compared to
their usual classwork.

- In what way?

- Did you get these
kinds of questions in
your classwork?

The Afrikaans learners werce interviewed by me, the rescarcher, in Afrikaans, after the

interview questions had been translated most accurately by a high school Afrikaans
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teacher. Details of the numbers of learners interviewed face-to face at the different
schools are summarised i Table 3.4.

Table 3.4: Details of numbers of learners interviewed in
seven schools in Phase 111 of the investigation

School SES Number of learners
Level Male Female Total
Pink (level 1) 0 6 6
Plum (level 2) 4 4 8
Beta (level 3) 4 6 10
Alpha (level 3) 3 4 7
Mars (level 4) 4 4 8
Venus (level 4) 4 3 7
Neptune (level 4) 3 3 6
[Total number of fearners 22 30 52
interviewed

I was aware that the lcarners might feel intimidated by the tape-recorder, so
introductory remarks were made prior to the interview to make each learner feel at case.
This included an cxplanation of the purpose and value of the rescarch and the need for
the interview and tape-recorder. I also reassured the learners that the interview was not
a test, and I emphasized the importance of the learners expressing their own thoughts as

honestly and freely as possible.

(h) Interviews with tcachers — the introduction

Interviews with teachers were used as a complimentary means to corroborate not only
the information collected from the quantitative analysis but also the learners’ responses
obtained from thc interviews. Once again I ensured that the appointments were made
prior to interview dates. The interviewed tcachers were chosen purposcfully, based on
the school’s overall performance in the CTA and the teacher’s experience in teaching
Grade 9 Natural Science. Six tcachers were interviewed during a five day period in

September 2005, sclected from various schools with different levels of SES.

Teachers were presented initially with extracted learners’ comments to rcad concerning
their reactions to the CTA. This presentation was then followed by the introduction of

two open-ended more gencral questions:
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o “How did you find the CTA of last year?”
(referring to the Section A booklet)

e Do you think they should continue or be discontinued?”

Sufficient time was allowed to cnable the participant teachers to think through cach
question before responding to it.  The interview questions were designed to elicit
tcachers’ considered professional cvaluation of the value of the CTA; their attitude

towards it; and their possible rccommendations for the formulation of subscquent

CTAs.

(i) Construction of the more detailcd interview questions for the tcachers

The intervicws with teachers had two main goals. These werc to assess the perceived
quality of the test using profcssional and academic criteria such as those suggested by
Ebel (1972) and RNCS (DoE, 2002c); and also to obtain recommendations for

improving the format and content of a Natural Science CTA in the future.

The more probing, follow-up interview questions were framed according to the critcnia

suggested by Ebel (1972) and was used to assist tcachers to judge and cvaluate the

cducational quality of a test such as a CTA. Ebcl’s criteria are summarised as follows:

e Relevance — Did the items included in the classroom test provide tasks appropriate
to the purpose of the test?

e Balance — Were the number or proportion of test items cvenly distributed among
various categories?

e [Lfficiency — Did the test yield a large number of independent scorable responses per
unit of time?

e Reliability — Did the test yield scores that agree with those obtained from cqually
good independent measurements of the same achievements?

o Objectivity — Were the questions clear enough - with no ambiguity?

e Specificity — Did the questions require prior knowledge specific to the content
covered by the test?

e Difficulty — Were the test questions and the test as a whole appropriate for a Grade 9

learner, 1.e. neither too hard nor too casy for the learners?
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e Discrimination — Did the individual questions discriminate sharply between learners
of higher and lower achicvement and was there a fair distribution of scores for
learners who differ in achicvement?

o Fairness — Was the test constructed and administered so that cach learner had an
cqual opportunity to demonstrate his or her real achievement in the process skills
tested?

o Speediness — Was the test appropriate in length for the time available, so that cach

lecarner had sufficient time to answer the last question in the test?

Furthermore, according to the RNCS (DoE, 2002c¢), the Natural Sciences Learning

Area covers content validity by:

e Icaming Outcome 1 — the development and use of science process skills in a
variety of settings;

e Learning Outcome 2 — the development and application of scientific knowledge and
understanding; and

e Learning Outcome 3 — appreciation of the relationships and responsibilities between

science, society and the environment.

Therefore the CTA test should also have clear Assessment Standards and a clear rubric
to mark cach secction. This was consistent with Ebel’s fourth criterion of objectivity

(clarity).

During the interviews the tcachers were also asked about the specificd purposes of the
Common Tasks for Asscssment as specified in RNCS (DoE, 2002¢:79), namely to:
“ensure consistency in teacher’s judgements™ — which was similar to Ebel’s criterion of
reliability; “increase the accuracy of the assessment process and tools” — which was
similar to Ebel’s quality of specificity; and “cnsure that the school-based assessment
tasks properly assessed competencies and achievements™ — which resembled Ebel’s

criteria of balance and relevance.

Three new criteria that seem to have been added to Ebel’s earlier criteria for testing

were: to “strengthen the capacity for school-based continuous assessment™; to “ensure
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expanded opportunities for learners”; and to “promote common standard setting™ (DoE,

2002¢:79).

With these criteria in mind, 1 sought rclevant evidence by listening to the tape
recordings, requesting teachers and learners to cvaluate various aspects of the quality of
the CTA test. Where possible, this new evidence was used to support or cnlarge or
otherwise modify the existing findings derived from the quantitative analysis. Thus the
data derived from the interview analysis, which is reported in detail in the next chapter,
was used to link or triangulate both the quantitative and qualitative data gencrated from

the responses produced by the utilization of the various instruments of investigation.

() Ethical considerations

Confidentiality was a central ethical issue in this study. The identities of the willing
participants and the namecs of the schools werc withheld. Also, the names of all

learners whose CTA responses were analyzed remain anonymous.

3.5 Chapter summary

This chapter has outlined the research design used in the study. It has described the
research questions, the selection of multiple methods of data collection, validation and
analysis via pilot testing, focused interviews and large scale testing prescribed in the
classroom, It has described in some detail the characteristic profiles of the samples
with respect to their origin, context, background and size, gender and SES. The
quantitative study was rcgarded primarily as an ex post facto investigation with
additionally generated qualitative findings that were subsequently triangulated,
explained, illuminated, moderated, expanded or corroborated through the production of
supplementary interview data. The rescarcher has described the scveral phases and
components of the study in sufficient operational detail so that its format can be

replicated elsewhere if and when required.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Introduction

This chapter presents both the quantitative and gualitative findings of phascs 11 and 111
of the investiation i an integrated manner. I analvses and discusses the
pertormances of 1572 learncrs in Section B of the Grade 9 Natural Science Common
Tasks for Assessment (C'T'A) (20064) (see Appendix 1) n lerms of the process skills.
Learning Oulcomes and Assessment Stundards specificd in the Revised National
Curriculum Statement {RNCS) Grades R-9 (Schools) Policy of the Department of
Education (D2oE, 2002¢),  To begin, the Commeon Tasks for Assessment (CTA)
cxamination scripts were collected from 12 different schools in the Western Cape in
2005, The learmers” scores for each item in Section B of the UTA (2004) were then
recorded systematically using Exec] sheets and the Windows compuler programme

Statistica. Version 7.

In this chapter, a range of statistical analvses are performed using the scores and
parameters for each item, and on the dala 18 a whaole as done 1n a study by Beaumont-
Walters and Soyibo, (2001). At the samce time, qualitative supporting data obtained
during interviews conducted with 52 learners sampled from all twelve schools in the
Western Cape, and subsequently with therr teachers, are also presented.  These
mstances and examples of evidence illusirate or moderate the stattstical [Indings (with
cavedls) in a vanety of school contexts. The Iindings of the study are presented using
both descriptive and inferential statistics. with excerpts from the interviews and

explananons being incorporated into the narrative to support the empirical findings,

Patterns in the porformances and responses trom tcachers and learncrs are also reported
and analyzed. A discussion of the results - and how they corroborate the findings of a
number of previous studies on process skills, content und misconeeplions - follows at
the cnd of cach scction, Because of the length and complexity of this chapier, a
convenient summary of the mam findings s presenled at the end of the chapler on

section 4.9, 10 which the reader may refer,
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4.2 The pertormance of the learners on the Nagural Science CTA as a whole

Figure 4.1 presents the disttibulion of the raw scores ol the 1572 learners from the 12
schools, grouped as a whole, lor their performance totals on Section 13 of the 2004
Grade 9 Natural Science CTA.  The highest score obtained by any lcarner was 73
marks out of 4 possible maximum ol 80 marks, or 91%, The lowest score was | mark

out of 80, The mean and standard devianon were 306+ 175 e (3R 3%+ 21 9%,

The raw score totals of the 1572 fearners were not normally distributed, secording to
thie Lilifors test for normality (p=0.01) and the K-S test tor normality {p=(L01). which
implics that non-parametric statistical tests will more appropriately be used as wools of
analysis i this chapter. The percentages on the top of cach column designate the
percentiage ol the whole sample that scored m the specified Y-mark range; ce. 14% of

the learners scoved boetween 28 and 36 marks m Figure 4.1,

Figure 4.1:  Distribution of the performance scores on Section B of the 2004
Grade 9 Natural Science CTA for the learners from 12 schools
in=1572)
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For the detailed item analysis which follows in scetion 4.3 below, according to Ebel
{1972:386) leamers” scores in the “upper”™ range are defined as those lying in the wp
27% of the distribubion, viz. those with high score totals between 44 and 73 marks out

of 80 (i.c. achicvements from 33% (o 91%) in this instance. Leamers delined ay falling
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in the “lower” range (i.c. thosc with scores in the bottom 27% of the distribution) have

score totals ranging between 1 and 17 marks (i.c. they score from 1 % to 21 %).

At its lower end, the positively skewed distribution of scores in Figure 4.1 did not
follow a normal curve at all. Furthermore, the fact that 23% of the lcarners scored less
than 11 out of 80 may be rcgarded as a concern to teachers and curriculum planners if

their focus is on the attainment of basic levels of achicvement.

According to the Declaration of the framework for the asscssment and promotion of
learners in Grade 9... (Government Gazette No. 25699), the descriptor code for
“partially achieved™ is 35%-39% and 1-34% for “not achicved™ (DoE 2003c:9). The
mean score for learners’ overall performance was 38.3% which meant that the learners

had an average rating of “partially achicved™.

The following section 4.3 will present the findings for research sub-questions 1 and 2:

stated on page 78.

4.3 Learners’ performances on understanding scientific concepts, recall of
previous knowledge, use of process skills and their misconceptions

Research sub-question no.1 asked:

“On which of the 25 items in Section B of the 2004 Grade 9 CTA in Natural
Science did the mean scores for the combined sample of 1572 learners from
12 schools, taken as a whole, meet or exceed the specified minima for
acceptable levels of performance?”

4.3.1 Learners” achievement on CTA Question | (Topic: Electricity)

CTA Question 1 tested the learners’ abilitics to achieve Learning Outcome 1 (LO1)
(scientific investigations), Learning Outcome 2 (LO2) (constructing science
knowledge) and Learning Outcome 3 (LO3) (science, socicty and the environment).
The process skills were ‘interpreting information’, ‘inferring’, ‘communicating

science information’, ‘decision making’, ‘observing’ and ‘comparing’.

For CTA Question 1 it was found that, for the combined sample of 1572 learners taken

as a whole, acceptable levels of achievement (as determined in Chapter 3, page 74)
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were attained on items numbered 1.1, 1.3 and 1.4 but not on item 1.2 for which fewer
than 50% of learners achicved the acceptable Ievel, as recorded in Table 4.1.

Table 4.1: Basic descriptive statistics for the performance scores of the
combined sample of learners on Question 1 of Section B in the
2004 Grade 9 CTA examination in Natural Science (n = 1572)

CTA | The scicnce Mean Possible Acceptable f (%)
item | content of the | Mean® SD | score (%) | scores minimum
No. | item score
1.1 | Draw a circuit 1.8711.37 47% 0 368 (23.4%)
diagram. ] 244 (15.5%)
2 2 428 (27.2%)
3 293 (18.6%)
4 239 (15.2%)
1.2 | Canthe TVbe | 1.19£1.08 40% 0 586 (37.3%)
connected in 1 311 (19.8%)
series? 2 2 460 (29.3%)
3 215(13.7%)
1.3 | Do you think 1.19+0.85 60% 0 441 (28.1%)
the children 1 1 386 (24.6%)
can use the 2 744 (47.4%)
plug for the
TV to boil
water in a
kettle rated at
220V, L.5kW
AC?
1.4 | The children 2,671 1.53 53% 0 150 ( 9.5%)
priced what 1 243 (15.5%)
they need to 2 313 (19.9%)
carry out their 3 3 391 (24.9%)
plans. 4 224 (14.3%)
Should they or 5 251 (16%)
should they
not buy these
items?

SD = standard deviation
f = frequency of the score (out of 1572 respondents)
(%) = the percentage of the sample obtaining a particular score

4.3.2 Learners’ misconccptions on CTA Question 1

Rescarch sub-question no.2 asked:

“Were the learners’ misconceptions in knowledge and skills found to be similar
to those already known in the published literature, and did there appear to be
any misinterpretations of certain questions when representative samples of
English-speaking, Afrikaans-speaking and Xhosa-speaking learners had their
CTA answers scrutinized in depth through interviews with teachers and learners,
as well as on their scripts?”
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This rescarch SLlh-qucstion will now be answercd. analysed and discussed for CTA

iems o 1.4 one by one.
4,3 2{a} Misconceptions related to item 1.1
Figure 4.2 reproduces the textual presentation of CTA item 1.1, It also supplies the

memorandum ol expected correct answers and responses, the process skills tested and

the acceplable minimum perfurmance score.

Figure 4.2:  CTA itemn 1.1 and its expected responses

A number of allemative answers and variant responses Lo item 1.1 were noted in the
learmncts’ Su:'fﬁls, and these also became apparend during the recorded mterviews. Figwre
4.3, for example, reproduces a 15 vear-old learmer’s incorrect adempt Lo construcl a
circuit diagram in response to item 1.1, This leamer may have uscd ncorrect
knowledge of a practical, perhaps performed in class or demonstrated by the teacher, as

seen i lhe leaner's faulty attempl o draw the diagram, and explained below.
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Figure 4.3: A learner's response to item 1.1 showing a misconceplion in regard
fo circuit diagrams

When using representations in physics, the purpose of 4 cireunt diagram is to show how
the various components of a ereult must be sequenced and connected o praclice.
Instead of drawing pictures of what the components actually look ke, cerlam standard
symbols are used fo epresent cach component instead (Brink & Jones, 1984 Moudie,
1990, 1t seems that the above learner had a misconception about cirenit diagrams, I
Figure 4.3 he drew a picture of what cach component looks like, mstead of using the
convenlional svmbols. Perhaps the test-setter’s wording ol the item v this guestion
shoutd have been more specifically divected in order for the leamers to have used

symmibols to represent cach component 1 Lhe circuit diagram.

Figure 4.4 depicts another learner’s writlen ¢ffort in response Lo item 1.1
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Figure 4.4: A second learner’s response to item 1.1 showing a misconception with
respect to batteries and cells

L i T T 13-,
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In Figure 4.4 i1 can be seen that the leamer drew only one cell o represent a batlery and
did ol wndicate that a battery conststs of two or more cclls conneeted together, s
defined in many science textbooks (e van Zyl er of, 2000:9).  The learncr's
confusion between a ‘battery’ and a “cell” was evident n various responses, and this
type of error has been noted in a previous study by Hendricks (1999183 i which

learers indicated that thev regarded cells as batteries, and balteries as celis, and they

did not make the distinetton.

Fignre 4.5: A third learner’s response to item 1.1 showing a misconception with
respect to series and parallel connecrions

e
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In order to understand CTA ftem L1, all leammers should have had an existing working
knowledge of parallel and series connections, In Figure 4.5 11 can be observed that the
learnar drew the positions of the bulbs incorrectly, The bulbs should have been drawn
conneeted in parallel, and not i series: and cach bulb in the diagram should hive had
its own switch. The above respouse by the learner depicted o nusconception with regard
to parallel and serics conneetions. Knowledge ol these prineiples was based very much
on prior leanung. with an Assessment Standard being specified as “recatl meamingful
information™ in the ‘Resource Materials for the Senior Phase” of the South Alrican
Department of Education’s (WCOED, 2005:17),  Application of this knowledge was
required in this item, TIn the RNCS (Dok, 2002¢). the minimal requirements for a
Grade 9 leamer with regard to knowledge of concepts have not been mentioned, Could

this be the reason why many learmers did not know how to draw a circuit diagram?
These CTA problems. manilested and depicted by learners o the representafion of
circuit dingrams, were consistent with carlier research findings (Podlowskr. 198%;
Hendricks, 1999 Shipstone, 1485a).

4.3.2( Misconceptions related to atem 1.2

Figure 4.6 reproduces the lextual presentation of CTA item 1.2 and supplies the

DX]}ECIDd COrrect answers,
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Figure 4.6: CTA item 1.2 and its expected response

Item 1.2: Can the TV be connected in series with the light bulbs?
Give two redsons for your answer.
Process skills tested:
o Decision making

o Recall meaningful information
(intellectual skill)

o Application of prior knowledge.

Expected response: No.
Reasons (any two):

® You would not be able to switch on or off the TV and the lights
independently.

o The TV (or bulb) would not operate at the correct voltage (or potential
difference) because the 12V supplied by the battery would be divided across
both.

o An incorrect current would flow through the TV.

Acceptable minimum performance score: 2 out of 3.

This item tested the learners’ ability to make a decision based on connecting electrical
appliances correctly, and it assessed the application of knowledge. A lcarner had to
have both prior knowledge and a comprchension of parallel and scries connections
before answering the question correctly. Although the acceptable minimum score was
set at 2 out of 3, normally onc would have cxpected the majority of learners to have
attaincd 100% for this item. Sincec it is assumed that this section had alrcady been
taught thoroughly in Grades 8 and 9, it was anticipated that learners should have been
able to answer such questions easily. However a number of alternative answers and
variant responses to item 1.2 were noted in the lcarners’ scripts and during the

interviews. These arc recorded verbatim and discussed below.

At the end of each lecarner’s cited response, an additional record has been attached of
that particular learner’s status or overall performance score on the CTA as a whole (i.c.
on all 25 items collectively), expressed as a percentage. As defined carlier in section
4.2 on page 96, a “strong” lcarner had a score between 55% and 91%:; a “middle” range
learner scored between 22% and 54%; and a “weak™ lcarner had a CTA total score of

less than 22%.
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Responses were observed as follows, in the language category indicated, followed by a

bricf explanation, comment or discussion.

Learners’ responses in the English group:

“Yes it can, but it would be better if it was not. If it is, then when vou switch the
TV off the lights will go off. Thev will react together”. (68%)(strong)

This “strong” lcarner did not know that the 12 volts supplied by the battery would be
divided across both components in the circuit, and therefore the bulb in serics would
not operate at the correct voltage. It scems that the learner found great difficulty in
distinguishing between current and voltage which has been found in other studics

(Evans, 1978).

“Yes, if one light bulb blows the others will still burn, therefore the TV will still be
able to play. Less power is being used . (48%)(middle)

This learner did not seem to understand that the 12V supplied by the battery would be
divided across both and thercfore the TV (or bulb) would not operate at the correct
voltage. The lcarner also did no scem to know the difference between a series and a

parallcl connection.

“No. The light bulbs and the TV would stand a high chance of exploding from
all the electricity”™. (50%)(middle)

This learner got the answer partially correct but it scems that this lcarner does not sce
current as a conscrved quantity. This learner does not seem to take ‘resistance’ into
consideration. This has been noted in prior research as a common alternative

conception of ‘current’ (Stanton, 1990).

“No because the used-up electricity has to go to the negative side of the battery
and it can’t do that if the TV is in the way . (45%)(middlie)

This learner appears to think that only one terminal of the battery is active. This
response relates to a prior notion of batteries, 1.c. some students belicve in the “unipolar

model” (Freddette & Lockhcad, 1980:196).

These items 1.1 and 1.2 were designed to clicit the prior knowledge of leamers, and

were intended to exposc whether or not they understood certain concepts.
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“Yes, series circuits are very strong as in high voltage: it will pick up anything on
the circuit ™. (25%)(middle)

This learner had a serious misconception about serics circuits. Although the ammeter

readings are the same cverywhere, the potential is actually divided.

Learners’ responses in the Afrikaans group:

“Ja. As dit in serie geskakel is, dun sal die gloeilumpe brand”.  (6%)(weak)
Yes. Ifitis connected in series. the bulbs will bumn.

This learner did not realise that the 12 volts supplied by the battery would be divided
across both of the components in the circuit, and thus the bulb or TV would not be able

to operate at the correct voltage.

“Ja, want as een van die gloeilampe breck dan gaan die TV nogsteeds werk. Die
TV kan jv an/af sit en dan sal die ligte ook nie aan gaan as die TV aan is nie
behalwe as jv dit aansit . (40%)(middle)

Yes, if one of the bulbs break the TV will still work. The lights will not be
switched on if the TV is switched on or off, unless you switch it on separately.

It appears that this learncr did not know the difference between parallel and scries
connections. When the circuit is connected in parallel, the TV will still work if one of

the bulbs breaks, but this cannot happen if the circuit is connected in serics.

Learners’ responses in the Xhosa group:

Yes. Because each bulb has its own switch”. (24%)(middle)

In this responsc, the learner assumed that if cach bulb has its own switch, the TV and
lights could be switched on or off independently. Again, a misconception had occurred

that might lead to problems in further learning, if not made clear to the learncr.

“Yes because the light bulbs are charging the batteiv and yvou can operate low
energy. One fluorescent light to charge a battery ™. (13%)(weak)

From the response given by this “wcak™ learner, onc may speculate whether the learner
was ever taught the concepts of series and parallel conncections, since the answer did not

makec sense at all.
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“Yes. Because you can switch TV when other places not switched, and vou can
watch TV no matter there is no electricity in other room”. (21%)(weak)

It scems that this learner belicved that, if the TV were connected in scrics with the ligit
bulbs, then the TV could be played independently, which is wrong, since this is related

to a parallel connection.

From the above excerpts, there was cvidence that individual learners possessed an
inadecquate understanding of scrics and parallel connections. Recall of prior knowledge
can occur only if lcarners are initially taught properly and thoroughly. The fact that
voltage was not used in the reasoning of lcarners for item 1.2 indicates that learncrs
cithcr were not taught the concept properly or were not taught at all.  Another
explanation could possibly support many previous studics that reveal how few students
tend to use the concept ‘voltage’ to solve problems, since it is not seen as a causc of
current flow but is merely induced by the current (Stanton, 1990). Decision making,
which is a process skill emphasised in the ‘Resource Material® of the Natural Scicence
Learning arca (WCED, 2005) and the RNCS (DoE, 2002¢) can be accomplished only if
the learner has sufficient knowledge of a particular concept and principle. I also agree
with recommendations given from previous research that learners should be exposed 10
a variety of different questions when practising scries and parallel connections
(Hendricks, 1999). If learners are given a variety of different manageable questions,
authentic understanding of certain concepts can be consolidated. However, it can be
argucd that specifications in the Grade 9 curriculum (DoE, 2002c), as far as content is
concerned, are far too vague. The extent of knowledge relating to an clectrical circuit
can vary from school to school. At a Grade 9 level, concepts and minimal requirements
should be made more clear and simplc to understand. This is a crucial yecar since the
basics that form the foundation for further lecarning are essential. Parallcl and serics
networks are only referred to very spectfically in the Grade 11 curriculum (DoE,

2004a).

4.3.2(c) Misconceptions related to item 1.3
Figurc 4.7 reproduccs the textual presentation of CTA item 1.3, and it supplies the

expected correct answers.
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Figure 4.7: CTA item 1.3 and its expected response

Item 1.3: Do vou think the children can use the plug for the TV to boil water in a kettle rated at
2208 1.5Kw AC? Give a reason for your answer.

Expected response: No.

Reasons (any of these reasons):
o The voltage of the TV is too low.
o The kettle is rated for AC but the battery is DC.
o The bartery cannot supply enough energy to make it
practical.
o The time to boil water using a 12V supply is too long.

Process skills tested:
»  Decision making

o Recall meaningful information
(intellectual skill).

Acceptable minimum performance seore: / our of 2.

A number of alternative answers and unanticipated responses to item 1.3 were noted in

the learners’ scripts and during the interviews. Scveral examples were:-

Learners’ responses in the English group:

“No. because the TV and kettle are two different items altogether ™. (18%)(weak)

The concepts of voltage, AC and DC, were not necessarily dealt with in Grade 9. Only
47% of the lecarners obtained the full two marks. This learncr got the first part of the
question correct but could not give an adequate reason.

“No because, if the water overboils, they can electrocute the TV s wires .

(35%)(middle)

This learner also respondced correctly to the first part of the question but could not give
the correct scientific reason. It seems that the learner gave only a safety measurc
precaution which related to the spilling of water on electric wiring or plugs. The word
‘electrocute’ had been used out of context since to be ‘clectrocuted’” means to be killed

by electricity.

“Yes, vou can change any plug to a different wire . (59%)(middle)
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The response of this learner showed how vaguely worded the question was. The
lcarner correctly thought that a plug (cither two point or three point) could be connected
to other wires. Possibly the learner had scen this done. However, the correct response
refers to the lead of the TV, not just the plug. According to a consulted qualified
clectronic technician, the wording of this item was very vague. It should have becn

77

written as: “Do you think the children can usc the lead for the TV....” Instead of

“....can usc the plug...”

Also, from a practical point of view, the kettle and TV had different sockets depicted in
the diagram, and therefore the samc lcad could not have been used. This should have
been given as another possible reason. Examiners of any standardised test should be
awarc of the concepts that have been taught thoroughly enough in schools and the

practical nature of the question. Otherwise certain questions could be rendered unfair.

Although an extract was given in the CTA describing the different voltages uscd for the
kettle and TV, the learners quoted above could not give a reasonably good cxplanation.
A possible cxplanation for this might be that the concepts of voltage, AC and DC cither
were not always taught in depth in Grade 9, or were not taught at all. As mentioned in
the literaturc review, studies have indicated that learners have difficulty in
understanding the concept ‘voltage’ and that it is recommended that it be taught in the
latter years of secondary education (Levinson, 1994; Shipstone, 1985b). Teachers and
cxaminers should be awarce of this and choose appropriate questions. Therefore it is
important that teachers be given an outlinc of the CTA content or syllabus well in
advance so that they can prepare learners for the CTA tests. However, this suggestion is
sometimes regarded by some rescarchers as a pitfall in asscssment for standardisation
sincc it involves teaching specific content and thercfore weakens the inferences made
about learners’ knowledge (Mehrens, 1989). According to Mehrens, proper inferences
can only be made when assessing a broader range of skills instead of specific content.
However, it can be argued that tecachers and learners should have a fair chance to tackle

novel questions put to them.

The above argument was mentioned by one teacher in an interview in 2005 who

responded to the introduction of CTAs by the Department of Education by saying:
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“If they give us a syllabus and indicate to us the kind of content that we need to be
reaching the students, as well as giving us a sample, the CTA that evervhody does,
we can work throughout the year doing that and we can also see the level und the
kinds of questions asked so that we can adapt other sections of the work in a
similar fashion — but doing the CTA at the end of the vear ....uhm... [ don’t think

it is a good idea”.

Although the above comment scemed to dispute the basic premise of outcomes-based
cducation (which claims to be not content-driven), it was relevant if one took into
account the interest of the learner. As Wellington (1989:18) stated, a morc structured
syllabus could create *‘an idcal balance between process, content and context”. It could
be argued that the processes of science are important to develop a “scicntifically
literate™ individual as emphasized in the RNCS (DoE, 2003b). However, one can
develop these skills properly and fairly only if the content is also made explicit for the
learners over a long cnough period of time, in order for them to grasp certain concepts
so that they can use important skills like ‘decision making’ efficiently. A report done
on the implementation of the CTAs also recommended that the CTAs be delivered
earlier to schools to provide more time for the modecration of performances of Scction

A and Section B (DoE, 2004b).

Nevertheless, there was also a concern that the introduction of national and
standardised tests into schools could narrow the scope of the curriculum if tcachers
were pressured by the demand to produce higher test scores. Referring to the above
tcacher’s comment, teachers might end up spending a considerable amount of time
giving to lcarners selected practicc items that are similar to thosc that would be
forthcoming on the test. Possibly this would result in the test becoming the curriculum
wherce teachers taught too closcly to the limited content of the test (Mehrens, 1989).
Therefore, it would scem important that a CASS mark, which accounted for 75% of the

total mark, be kept separate from thc CTA mark which accounted for 25%.

Learners’ responses in the Afrikaans group to CTA item 1.3:
“Ja, want die battery is baie vol krag™ . (5%)(weak)
Yes, because the battery is full of power.
“Ja, want die TV kry krag by die gloeilumpe en die ketel kan krag krv by
die TV (8%)(weak)

Yes. because the TV can get power from the light bulbs and the kettle can
get power from the TV.
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“Ja, omdat 'n krag prop het 240V wat genoeg is dat die ketel ook daarop
kan werk”. (63%)(strong)

Yes, because a plug has 240V which is enough power for the kettle to work.

This lcarner belicved that any plug had a voltage of 240V.

“Ja, want i kragprop kan vir enige clektrise toestel gebruik word(63%)(strong)

Yes, because a plug can be used for any electrical appliance.

Learners’ responses in the Xhosa group:

“Yes because a plug is to plug a TV or stove or kettle . (8%)(weak)
“No because that steam came from the boiling water affect the TV " (24%)(middle,
“No, because they can touch wire and burn up . (6%)(weak)
“No, you can’t mix two plugs of electriciry together it is dangerous ™. (16%0)(wedk)

It seems that the above learners did not take into account the different operating
voltages between the kettle and TV. Their responses were non-scientific and related
instead to the general safety measures uscd in electricity. The fact that one full mark
was allocated for answering ‘No’, plus only onc mark for the correct reason, explainced
why the mean was above average (1.2 out of a total score of 2). Many of the learncrs
might have had the first part of the qucstion correct but then gave the wrong

explanation.

It was felt by some of the interviewed tcachers that the mark allocation for this item
was not defensible, becausc supplying a reason required a great deal of thought and two
marks were insufficient. Correct reasoning is a truc indication of the learner’s grasp of a
concept, and one can also arguc that these learners might have guessed an answer to the

first part of the question.

Figure 4.8 reproduces the textual presentation of CTA item 1.4 and supplics the

cxpected correct answers.
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Figure 4.8: CTA item 1.4 and its expected responses

Item 1.4: The children priced what they need to carry out their plans.

TV (2" hand) R100.00 Solar battery charger | R200.00
4 Fluorescent bulbs | R30.00 Switches; plug socket | R50.00
Battery R300.00 Connectors-scrap 0

The children know their father has R1 000 which he keeps for emergencies.

Think of the circumstances in which these children live.

a. In one sentence advise the children as to what you believe they should do.
Should they or should they not, buy these items?

Expected response:
o Buy the battery, bulbs, TV.

® Do not buy the battery, bulbs, TV.

Acceptable minimum score: 3 out of 4.

b. In two or three sentences give the most important reason for your advice.

Expected Responses:

Buy
1. Allowing the children to install and run
this system will give them self confidence.

father’s R 1000 and make more money.
7. TV means exposure to new ideas, new
knowledge.

Process skills:
o Interpreting information

s Observing and comparing

*  Decision making.

Do not buy

1.

A TV is a luxury that the children
cannot afford.

2. The children will have light with which to 2. They cannot afford recharging
study. and maintenance.
3. It gives the children responsibility. 3. They have managed without light
4. Parents show trust in the children. and TV already.
5. Improvements in living conditions will lead 4. TV is anti-social; they will stop
to a desire for more improvement and talking to friends.
innovation and harder work. 5. Thev will have to work harder to
6. Light means the day can be extended:; make more money to maintain the
productive study and work can be new life style.
undertaken after dark — they can recoup their 6. They will have no money for

emergencies.

A number of alternative answers and unexpected responses to item 1.4 were noted in
the learners’ scripts and during the interviews. These responses were observed as

follows, in the language category indicated.
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Learners’ responses in the English group:

“I think they should not buy the items because someone might break into their
‘hok ™ and steel it. They can only buy it if they live in a stable house. And with
burglar bars and safety gates . (16%%)(weak)

The learner related his situation to the question posed. This is an example of how the
CTA clicited responses from learners by relating scicnce in context to the individual

and socicty.

These type of questions make learning more interesting and is a typical example of a
“real life” approach to science tcaching where lcarners have to make a decision
relating to socicty and their own situation. This view is supported by (Aikenhead.

1994:49 and Rillero, 1998:3).

“Thev should not buy the items because what if someone in the family gets hurt
badly then they can use the money for the emergency”. (13%)(weak)

“[ think that the children should definitely buy these items. These items are all
relatively cheap and affordable plus after purchase, there still would be a
reasonable amount of emergency money left over. Electrification of a house will
bring extra comforts and benefits to the family”. (74%)(strong)

“Theyv should buy all essential items because this will improve their standard of
living and as they claim make studying easier for them’”. (59%)(strong)

Learners’ responses in the Afrikaans group:

“Nee, hulle moet nie. As iemand daadlik siek gaan word sal hulle daardie geld
nodig hé. Die pa mag dalk die plaas verloor en dan daardie geld gebruik om hulle
weer op hul voete te kry'. (60%)(strong)

No, they must not. If someone should get sick, they would need that money. The
father could lose the farm and therefore need the money to put them back on their
feet again.

“Hulle moet dit koop, want dus goedkoop en goed vir hulle huis. Hulle ma kan kas
maak as daar elektrisiteit is. Hulle kan leer sonder om n kers aan te steek”.
(18%)( weak)

They must buy it because its cheap and needed for their house. The mother can
make food if there is electricity available. They can study without having to use
candles.

Learners’ responses in the Xhosa Group:

“They should buy it. They can learn from TV how to use or connect electricity. It
will be easier for them to study”. (9%)(weak)

“Thev should not buy the items. Their family is poor and need the monev. There is
no income either than the one they get from their vegetables.
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It will take a great amount of time to bring back the moneyv .
(35%)(middle)

Judging from the above responses from the learners, it was clecar that this was an open-
ended question. There was no clear-cut right or wrong answer. It was based on
decision-making and targeted some of the attitudes and values of learners which arc
cncouraged under the new curriculum. However, only half of the learners achicved the
acceptable minimum scorc. The other half must have struggled with this open-ended

question.

433 Learners’ achievement on CTA Question 2 (Topic:Variables and Graphs)

Research sub-question No.l on page 97 will now be answered for the learners’

achicvements on CTA Question 2.

For CTA Question 2 it was found that, for the combined sample of 1572 learners taken
as a whole, acceptable levels of achievement were attained only on item 2.4, but not on
items 2.1, 2.2, 2.3, 2.5, 2.6, 2.7, 2.8 and 2.9 for which fewer than half of the lcarners

achicved the acceptable specificd level, as recorded in Table 4.2.

Table 4.2 presents the details of the overall performance of the combined sample of

1572 learners on CTA Question 2.
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Table 4.2: Basic descriptive statistics for the performance scores of the combined
sample of learners on Question 2 of Section B in the 2004 Grade 9 CTA in
Natural Science (n = 1572)
CTA The science Mean £ SD Mecan Possible Acceptable f1%)
itemn content of each score scores minimum
no. item (%) score

2.1 Describe a variable 0.12£0.33 12% 0 1380 {87.8%)
that they should | 1 192 (12.2%
control.

2.2 Which variable do they] 027 £ 0.45 27% 0 1142472.7%)
change? (independent 1 I 430 (27.4%)
variable)

z3 Which variable do 0.77+0.90 39% 0 858 (34.6%)
they measure? I I 215 (13.7%)

2 499 (31.7%)

24 Which variable do 0.53+0.50 53% 0 738 (47%%)
they calculate? 1 1 834 (53.1%)

2.5 Which variable is 0.13£0.34 13% 0 1361 186.6%)
the dependent 1 I 211 (13.4%)
variable in their
investigation?

2.6 Write down the matter | 0.351 0.70 18% 0 1214 (77.2%)
they investigate. 1 1 158 (10.1%)

2 200 (12.7%)

2.7 Describe, in writing, | 0.91 % 1.09 18% 0 734 (46.7%)
the method they 1 450 (28.6%)
follow to answer the 2 240 (15.3%)
problem they are 3 3 100 (6.4%)
mmvestigating. Include 4 36 (2.3%)

a circuit diagram. 5 12 (0.8%)

2.8 Draw a graph of the 1.09% 1.21 36% 0 750 (47.7%)
magnitude of the 1 263 (16.6%)
resistance against the 2 2 226 (14.3%)
length of the pencil 3 333 (21.2%)
lead included in the
circuit.

29 Give the conclusion 098+ 1.45 25% 0 886 (56.4%)
that the children 1 280 (17.8%)
reach using the graph 2 174 (11.1%)
of their results. 3 3 118 (7.5%

4 8 (0.5%)
5 106 (6.7%)

Mean = average score
f = frequency of the score
SD = standard deviation

(%) = the percentage of the sample obtaining a particular score
p g

CTA Question 2 focused on LO1 and LO2. The skills tested were ‘planning scicnce

investigations’ i.c. ‘identifying variables’; ‘communicating science information’ and

‘interpreting information’.
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For the combined sample of 1572 learners, the mean scores on almost all the items
were low, ranging between 12% and 53%. For item 2.1, most of the learners could not
describe the variable that they had to control; for item 2.2, 73% of learners could not
identify the variable that had to be changed (the independent variable); and for item 2.5,
most could not describe the dependent variable in the investigation. These results were
strongly consistent with the findings of Sadeck (1999) in which 173 Grade 7 lcarners
were tested on the investigative method.  Their performances showed that they were
unable to identify a dependent or independent variable and the need for a control. This
might mean that they were unablc to deal with the cognitive demands of the question
which was classified under a high level advanced cognitive competenee, i.e. scientific

investigation (Green & Naidoo, 2006).

4.3.4 Learncrs’ misconceptions on CTA Question 2

Research sub-question No. 2 asked:

“Were the learners’ misconceptions in knowledge and skills found to be
similar to those already known in the published literature; and did there
appear to be any misinterpretations of certain questions when representative
samples of English-speaking, Afrikaans-speaking and Xhosa-speaking
learners had their CTA answers scrutinized in depth through interviews with
teachers and learners, as well as their scripts?”

This rescarch sub-question will now be answered, analysed and discussed for CTA

items 2.1 to 2.9.

Figurc 4.9 reproduces the textual presentation of CTA items 2.1 to 2.9 and it supplics

the memorandum of cxpected correct answers and responses.
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Figure 4.9:  CTA items 2.1 to 2.9 and their expected responses

Item 2.1: Describe a variable that they should control (keep constant).

Expected responses:

e The thickness of the pencil lead.

o The type (hardness) of the pencil lead.
Process skills:

e Planning science investigations

o Interpreting information.
Acceptable minimum score: ! out of |
Item 2.2: Which variable will they change?
Expected response:

o The length of the piece of pencil lead connected in the circuit.
Process skills:

e Planning science investigations

*  Interpreting information.
Acceptable minimum score: / outiof 1

Item 2.3: Which variables do they measure using meters?

Expected response:
s Voltage across the pencil lead and the current through the pencil lead.

Process skills:

»  Planning science investigations
o Interpreting information:
Acceptable minimum score: / ourof 2

Item 2.4: Which variable do they calculate?

Expected response:
s The resistance.

Process skills:
o Planning science investigations
o Interpreting information.
Acceptable minimum score: [ our of [
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Item 2.5: Which variable is the dependent variable?
Expected response:

o The resistance.

Process skills:
e Planning science investigations
o [nterpreting information.

Acceptable minimum score: / out of |

Item 2.6: Write down the matter they investigate.
Expected response:

s How is the resistance of ‘pencil lead’ affected by its length?

Process skills:
o Planning science investigations
o Interpreting information
®  Raising questions about a situation.

Acceptable minimum score: / out of 2

Item 2.7: Describe in writing, the method they follow to answer the problem they
are investigating. Include a circuit diagram.

Expected responses:
*  Method for the investigation
o Vary the length of ‘pencil lead’ in the circuit.
o Control variables, e.g. ensure the hardness and thickness of the pencil lead is
always the same.
e Take voltmeter and ammeter readings.

Process skills:
e Planning science investigations
o [nterpreting information
o Communicating science information.

Acceptable minimum score: 3 our of 5

Item 2.8: Draw a graph of resistance against the length of the pencil lead included in the circuit. Fully label

the axes and give your graph a heading.

Expected response:

Resistance against length of ‘pencil tead’

1008
(€)
8,0
g 60
s
2 @
2 40
. < 1 o
Process skills: @
o Application of knowledge 2.0 pt 2t
o Commmunicating science information.
. ording i jon. ] >
Recording information 0 3 o s 50 e

tength {cm)

Acceptable minimum score: 2 out of 3
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Itern 2.9: Give the conclusion the children reach using the graph of their results. (Give the conclusion
in words and mathematical symbols.)

Expected responses:

. The greater the length of the * pencil lead,’ the greater the resistance of the ‘pencil lead’.
. Resistance of the ‘pencil lead’ is directly proportional to the length of the ‘pencil lead’.
. Resistance of the ‘pencil lead’ is directly proportional to the length of the ‘pencil lead’

provided that the thickness, the type and the temperature are kept constant,

Process skills:
. Communicating science information
e Application of a formula i.e.proportionality
L Interpreting information.

Acceptable minimum score: 3 our of 5

Responses of learncrs to items 2.3 and 2.4

A possible reason for lcarners performing better on items 2.3 and 2.4 could be that,
while being tested, a table was given to learners which indicated the variables that were
being measured and calculated (Appendix 1). For the other items, however, learners
had to understand the diffcrence between an independent and dependent variable
themselves in order to give the corrcect answer. Although the answers to items 2.3 and
2.4 produced higher mean scorcs compared to the other items in question 2, item 2.3

was noted to be an ambiguous item that could have puzzled some learners.

Quoted below are a few examples of strong and middle-of-the range learners’ responses

to item 2.3: “Which variables do they measurc using meters?”

“The pencil lead”. 36% (middie)
“Pencil lead and a ruler” . 45% (middie)
“Length of wire and pencil . 58% (strong)
“Pencil lead”". 38% (middle)

It sccms that learners interpreted the measurement to be in meters, according to the way
the question was asked. The question was badly phrased and displayed signs of

ambiguity, from the word ‘measure’ onwards.

Responses of learners to item 2.6

The overall achievement score for item 2.6 had the third lowest mean value of 18% in

that particular scction, which was very low. This question required lcarners to write
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down the malter that needed to be imvestigated. The expected response was: How iy e
reststance of pencil lead affected by ity length?  Bul according to an expericnced

science cducator and subject advisor, this 15 un ambigueus question:

“Tire weeed recitter' {x g very amdgmeens ene, It condod rather have been weitten ay
“what iy the grestion they are oving o answer . Bue wost ks foek op Tmatter”
as fredng o pdnesdood thing andd st an abstract thing ™.

Learners” responses in the English group:

Commening on jlem 2.6, one learner said:

“Whethor or mof percil fead iy o condieior of electricin { 3RS micile)

This waus a common comment by the tearners. [t appeared that many ol the learners
iterpreted ilem 2.6 as an answer lo be given and not as an investigative question,
which was required. The item was not clear enough and needed 0 he more specific by

replacing “matter” with “question’.

Anwiher learmer commented:

“Ther are dnvestivating how electricity and o cirenit oiauvram warks, They are
imestipening fow fitde electrieiny vow wse, how cheap eleciviciny is. Haw eavily
avaifafle elecricing i (A1) s trang)

The ambiguity ol the gueshon was clearly reflected in this response. The learncr
seemed to think that he had to describe the question nstead ol responding i a scientfic

manner,

Learners’ responses in the Xhosa Group:

" The dmvestiventerd the method, the chitdren plaa an fmvestigation that they use o

sk thefr krowledie aid skiffs " 30 e micdlle )
“lhe electvicion sers the meter o pead curvent roamps asd the otlter o Peod
porential difference fvaltare) ieovalts ™ [ 3% Jiweaky
s hartery, cureter o voltareter ", NS bweaks

Learners” responses in the Afrikaans Group:

Ut olie steocnroon aangien en dit foat werk " i f 4 ipfweak)
Tl the current contues aod produees work,

“Helle wil dre weerstamd hé faika futichdivr
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They want the resistance

T te Besan ot fooed el nomeleir van eleftensitent s
To show that lead is o comductor of cleetricity $ 2%l feichlle)

This ambiguity was also reflected in the Xhosa and Alrikauns groups.

Responses of learners to item 2.8

Learnery” responses in the English group:

Figure 410 reproduces the response ol a learmer who appeared to have ditficulty while

presenting data using the approprate graph,  This kmd of response has been quile

commwn with a number of leamers.

Figure 4.10:  Example of a learner’s incorrect display of dala in response o item
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The presentation of data by using graphs is onc of the process skills ciophasisced 1n the
‘Resource Material’ of the Natural Sciepce Learning arca (WCED, 2005) and the
RNCS (DeL. 2002¢). It is important that leamers are compelent encugh to be able o

give a good presentation of data.

Adler checking many seripts, a tvpical example ol an mappropriate use of the bar graph
has been selected and displayed in Figure 4.10 for this particular ttem 2.8 This
lewrner’s representation of data was sciennficallv incorrect and misleading, Tirstly, on

the CTA test paper., the umit of the penal was given in centimetres and the unit of
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reststance was m ohms, These different units cannot be displayed correetly on the same
axis as drawn by the learner in the above diagram. Sceondly, the axes were not labelled
by the leamer. and the units on the honzontal axis as wntten by the leamer are
meaningless since thew did not represent any form of data given in the table (Appendix
1), This learner (Figure 4.10) used the bar graph inappropriately. This 15 an example of
the incorrect display of o composite bar graph where two sets of data are displayved on
one graph (the peneil is presented mocor and Lhe resistance in odwg (Colyvn, Hasson &
borrison, 2000 ),

Perhaps the mode of test instruction could have been worded more specitically. For
example: “Draw a line graph of resistance against the length of the pencil lead included
m the cireuit” instead of! “Draw a graph...... T (Fgure 4.9), It seems from the above
responses of learmners that they did not know exactly what tvpe of graph was appropnate
o Use when presenting certain data. However. the new curriculum requires learners Lo
think more scientifically and this gquestion required the [carmer o decide firstly on the

chotce of graph before drawing it and then showing how it should he drawn,

Figure 4.11:  Example of the confusion by a learner of the terms *dependent
variuble” and “independent variahle’
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In Figure 4,11 it seems that when adcmpling item 2.8 Lhe leamer did not know the
dilference between the dependent and independent vanable. Many learners could not
deduce what label to put on the axcs: for example. on the x-axis of the zraph they olten
located the resistance instead ol the length. These [ndings were comsistent with those
af Sadeck and Scholtz (2003) who used samiples ol first. sceond and third vear pre-

service scicnee teachers at the Peminsula Techmkon i the Western Cape.  Farlicr
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sludhes in England on 13-15-vear-olds also revealed a low mcan score n plagimg the
correct vanables on the comrect axis (Schotield, 1989} A [uture follow-up interview
with leamers on how they understond variables might possibly produce a reason why

learners under-performed.

One might have expected high values for the correlations caleulated between the scores
lor the above Htems 2.2 and 2.8 and 2.5 and 2.8, since onc would have expected that —if
lcarners wdeniified the vanables — they would also know how 1o draw the line graph.
Alternatively, i they had not wdentified the vanahles, they would not have known how
to draw the praph. However, the occurrence of relatively low corrclations of r—0.32
between the scores Tor items 2.2 and 2.8, and r—(1.25 between the scores for items 2.5
and 2.8 scemed to indicate that some lcamers may have guessed the dependent and
independent variables and that the answers in 2.2 wnd 2.5 were not necessarily

conseguential or cemplimentary to the item 2.5,

Figure 4.12:  An example of incorrect plotting of points and incomplete labelling
of axes in response to item 2.8
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The learner whose work s fealured m Figure 4.12 plotted the points incorreetly, The
learncrs plotting of peints did not make sense since no labels were used for the axes,
Instead of starting to plot from the top of the table, the learner started at the bottom.
This immediately showed a neganve slope which implied that the length of the pencil
and iz resistance were inversely propertional 10 cach other. which was not the case in

reality.

As the rescarcher, my impression is that, in [uture, a varlety of examples should be

given to learners during nermal classroom lessons so thal they can see and study
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relationships between two variables represented in tables, i.c. cither inversely
proportional to cach other (as the length of the pencil lead increases, the resistance
decrcases) or directly proportional (as the length of the pencil lead increases, the
resistance increases). As a mathematics and science teacher and rescarcher, 1 strongly
belicve that teachers should integratc more mathematics and science in their tcaching.
The link between the x- and y-values; the notions of independent and dependent
variables; the concepts of inverse and direct proportion and the depiction of positive
and negative graphs would most likely become less abstract to the learner. This kind of
teaching practicc was recommended long by Janvier (1978:14.22) who stated that

“science and mathematics tcachers should complement each other™.

Responses of leamers to item 2.9

Learners’ response in the English group:

“The greater the length of the conductor (cm), the greater the electrical resistance
(QY) will be. Therefore. with an increase in length (cm), there is an increase in
resistance (Q) (66%0)(strong)

This strong lcarner did not attain the full 5 marks because the anticipated conditions
that type and thickness of the pencil should be kept constant were not specified in his or
her answer. Many of the learncrs answered in this manner. Proportionality in the graph

should havc been recogniscd by the learners.

“The conclusion is that the longer the piece of lead used in the circuit the more
resistance vou end up with’. (34%)(strong)

“In conclusion, the pencil with the length of 10cn created the most resistance and
the pencil with the length 2,5¢m created 1,5 ohms of resistance making it the least
of the pencils. The pencils with the length 5 and 7.5¢m created resistance of 3
ohms and 4,5 olins making them the middle amount. So, in conclusion, the pencil
with the longest length creates the most resistance and a pencil with a shorter
length creates less resistance ™. (60%)(strong)

This strong learncr wrote incorrectly about the length of the pencil instcad of the Iength
of the pencil lead. It sccmed that this learner related the length of the ‘pencil’ to the
resistance instcad of the length of the actual ‘pencil lecad’ itself. It might have been that
this learner referred to the table supplicd which had an incorrect heading along onc of

the columns (Appendix 1). The ‘length of pencil in circuit’ should have been “length of
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pencil lcad’. Diagrams with crrors in labelling can causc confusion and

misconceptions.

Learners’ response in the Afrikaans group:

“Die gevoltrekking is dat Ampere sterker is as die volt 0.28". (21%)(weak
The conclusion is that the Ampere is greater in strength than the volt.

“Die kinders se gevolgtrekking is dat hulle hul ouers oortuig het dat dit kan werk
en "x” kon toe vir v wys " (19%)(wedk)

The children reached a conclusion that they convinced their parents and that *x”
will show “y™

These arc examples of some of the meaningless responses from learners. It secemed that
these learners had little or no idea of what the question was about and it appeared that

they simply wrote down anything.

“Die lengte van die potlood in n stroombaan was 2.5¢m en sy weerstand was 1.5.

Sit...0 cm potlood sy weerstand 3.0 en sit 7.5¢m potlood sy weerstand 4.5 en
10cm potlood is 6,0. Die stroomsterkte het elke keer groter met 1.5 gegaan’.

The length of the pencil was 2.5cm and the resistance was 1.5. A 5cm pencil had
a resistance of 3€2, a 7.5cm pencil had a resistance of 4.5(2 and a 10cm length
pencil had a resistance of 6 (2 . (40%)( middle)

This learner described the table instead of using it to draw a conclusion. Many lcarners

answerced in this manner.

Learners’ response in the Xhosa group:

“They can multiply the symbols to find the conclusion . (10%)(weak)
“They use pencil to add the circuit and they multiply the resistance and the ruler
to do the circuit”. (23%)(middle)

These learners’ responses did not make any sense. It scemed that they used

multiplication because the question stated that they should use mathematical symbols.

“They reached how to use electricity ™. (15%)(weak)

It seemed that this weak learner had difficulty understanding the question. It might
possibly have been a language issue since the learner used “reached” incorrectly. The
learner probably meant “lcarnt”.  Only 7% of the lcarners (140 out of 1572) attained
100% for itcm 2.9 (Table 4.2).
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‘Drawing a conclusion’ involves number of skills, such as ‘communicating scicnce
information” when lcarners report on an investigation. When answering this item,
‘interpreting information’ was also a skill with which learners were required to make
inferences from given data. These particular skills are all categorized under medium
level complex cognitive competences. The results indicate that the majority of learners
have not recached the cognitive level and cannot therefore *relate two or morce concepts”
(Green & Naidoo, 2006). “Application of knowledge’ is rccognised as another skill
with which learners had to apply the formula of proportionality in item 2.9; i.c. in an
clectric circuit the magnitude of the resistance is proportional to the length of the lecad
in the pencil. Only 14% of the learners scored more than 50% for this question. Again,
these findings were consistent with carlier studies reported on planning science

investigations with Grade 7 learners (Hendricks, 1999).

The scores of the learners’ responscs to item 2.8 and 2.9 correlated r=0.60 which gave a
fair indication that the learners who performed well in item 2.8 tended to perform well
in item 2.9, and vice versa. This suggested that lcarners who knew how to draw the
graph In item 2.8 may have seen a relationship between the length of the pencil lecad
and the magnitudce of its resistance, and thereby have drawn a conclusion. However, if

they did not get item 2.8 correct, it was likely that they got 2.9 incorrect as well.

It seemed that the overall performance of learners on Question 2 was grossly
inadequatc compared to their achicvements on thce other questions. This question
involved mainly the skill of *identifying variables”.  Studics conducted on the
performance of certain process skills with Jamaican Grade 9 and 10 Iearners
corroborated these findings (Beaumont-Walters & Soyibo, 2001). Voltage was not
mentioned specifically in the Grade 9 Revised National Curriculum Statement (DoE
2002c) but it has been referred to in the Grade 10 syllabus.  Although the new
curriculum places emphasis on skills and application of knowledge, and attitudes and
valucs, teachers should have sufficient guidance on which concepts to teach and to
what extent.  For cxample, the electricity scction should have specific concepts
outlined, 1.e. ‘battery’, ‘cell’, “parallel’, ‘scrics’, ctc. In this manner all schools would
have a common minimum requirement outlined for them in Grade 9 and this could

possibly develop consistency among schools.
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4.3.5 Learners’ achicvement on CTA Question 3 (Topic: Wetlands)

Rescarch sub-question No.1 on page 97 will now be answered and discussed for the

learners’ achievements on CTA Question 3.

For CTA Question 3, it was found that, for the combined samplc of 1572 Icarners taken
as a whole, acceptable levels of achievement were attained only on items 3.2 and 3.4,
but not on items 3.1 and 3.3 for which less than half of the lcarners achieved the

acceptable level, as recorded in Table 4.3.

Table 4.3: Basic descriptive statistics for the performance scores of the combined
sample of learners on Question 3 of Section B in the 2004 Grade 9
CTA in Natural Science (n = 1572)

CTA | Content of the item Mean+ SD | Mean Possible Acceptable f (%)
item Score scores minimum
No. (%) score

3.1 Give four reasons for 3401263 | 57%
preserving wetlands.

311 (19.8%)
146 (9.3%)
205 (13.0%;
173 (11.0%;
4 233 (14.8%
97 (6.2%)
179 (11.4%
48 (3.1%)
180 (11.5%)

3.2 | Give four more 1.79£ 1.32 60%
problems threatening

334 (21.3%
353 (22.5%)

this wetland. 2 397 (25.3%

280 (17.8%

208 (13.2%)

33 Choose one of the 1.46+ 1.11 49% 412 (26.2%"
problems in 3.2 and 395 (25.1%

list three (or more) 2 399 (25.4%

W — Ol W — Ol B — O

steps that should be
taken to solve the
problem.

366 (23.3%;
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Table 4.3 (continued)

CTA | Content of the item Mean £ SD | Mean Possible Acceptable (%)

item Score scores minimum

No. (%) score

3.4 | There are eight people | 2.63+1.62 53% 0 153(9.7%

taking part in the ] 328 (20.9%)
conversation about the 2 276 (17.6%)
wetland above. Read 3 3 295 (18.8%)
their opinions and 4 232(14.8%)
decide with which one 5 288 (18.3%)

of the people you
agree most. Identify
that person and then
describe, in about two
or three sentences,
why you agree with
their argument.

Mean = average score

SD = standard deviation

f = frequency of the score

(%) = the percentage of the sample obtaining a particular score

CTA Question 3 focused on the assessment of LO2 and LO3. The skills tested were
‘problem solving’ and ‘interpreting information’ given about wetlands. This question

specifically dealt with sustainability with regard to the wetlands and the environment.

The majority of learners had difficulty answering items 3.1 and 3.3. Satisfactory
performance on item 3.1 demonstrated the attainment of LO2 where the learner has to
recall meaningful information on wetlands (sce Figure 4.13 on page 128). Item 3.3
assesscd LO3 where the learner has to use problem solving skills. Although ‘recalling
information’ bascd on wetlands had been identified as a skill, learners were supplied
with sufficient information via text and illustration to answer the questions adequately.
This question 3 referred more to the skill of ‘translating diagrams into text’ as opposed
to ‘recalling prior knowledge’. Whereas traditional education has placed a high value
on the learner knowing answers to standard questions, through rote learning — which,
according to Verhage and DcLange (1997), is the lowest level of competence — the
Revised National Curriculum Statement has also placed stress on the learner being able
to solve problems and think of ethical alternatives (DoE, 2002¢) — which is regarded as
a higher competence level. Despite the illustrations given to learners in the CTA, it
seemed that many learners could not gather sufficient evidence from the text to
substantiate their arguments for having a wetland. Possible reasons for their inadequate

performance will be identificd in the interviews with learners and teachers.
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4.3.6 Lcarncrs’ misconceptions on CTA Question 3

Rescarch sub-question No. 2 asked:

“Were the learners’ misconceptions in knowledge and skills found to be similar:
to those already known in the published literature; and did there appear to be
any misinterpretations of certain questions when representative samples of
English-speaking, Afrikaans-speaking and Xhosa-speaking learners had their
CTA answers scrutinized in depth through interviews with teachers and
learners, as well as on their scripts?”

This research sub-question will now be answered, analyscd and discussed for CTA

items 3.1 to 3.4.

Figure 4.13 reproduces the presentation of CTA item 3.1 to 3.4 and it supplies the

memorandum of expected correct answers and responses.
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Figure 4.13: CTA items 3.1 to 3.4 and their expected responses

Item 3.1: Give four reasons for preserving wetlands. The reasons you give should make clear your
understanding of what a wetland is.

Expected responses:

o Wetlands are water traps that help prevent flooding.

s Places that maintain biodiversity, or preserve: plants, birds, fish, animals specific to the wetland
environment.
Provide unique types of recreational activities; or hiking, bird watching, fishing, boating.

s A source of unique products — ¢.g. sedges; baskets, mats, house building material, any other
correct answer.
Economic activity; or mats, baskets, fishing, rourism, medicines, any other correct answer.
Food source; or plants, animals, fish, any other correct answer.
Culturally related activities; or reed dance, medicine, any other correct answer.

Process skills:

o Recall meaningful information
o [nterpreting information

s Problem solving.

Acceptable minimum score: 4 out of 8

Item 3.2: One way we can describe the underlying problem which makes people a threat to this wetland is
the need people have-for land, water and shelter. Give four more problems threatening this
wetland.

Expected responses:

Chemical pollution.

Contamination with nitrogen rich fertilizers.

Contamination with pesticides.

Invasion by exotic plants.

Invasion by animals.

The draining of the wetland — need for jobs and increasing industrial output; also increases use

of water by industry, which already uses more water than agriculture.

o The draining of the wetland — need for increased food production, a need for more farming; a
need for more water and increased irrigation; creates a threat to drain the wetland of its water.

® & » o o &

Biological pollution.
Invasion by humans — possibility that the wetland can be overrun by fisherman, boatman,
birdwatchers, ...

Process skills:
o Recall meaningful information
o Interpreting information
o Application of knowledge
*  Problem solving.

Aecceptable minimum score: 2 out of 4
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Item 3.3: Choose one of the underlying problems that you gave in the answer to part 3.2 and list three
(or more) steps that you believe should be taken to solve the problem,

Expected responses:

. Law : ensure that there are laws in place to stop dumping of waste of any kind into wetland.

this includes certain pesticides by farmers.

Policing: Need for policing to enforce the laws.

Resources to police - - a programme of ongoing water testing for chemical and biological
contamination as well as water quality; on site inspections to ensure no dumping.

. Prevention: Need for chemical plants to remove: chemical impurities and for biological
purification to treat plant and animal waste so that they do not get into he water in the first
place.

. Education: Change people’s attitudes — provide information and encourage responsible use
of wetlands by industrialists.

o - Any other.

Process skills:
s Application of knowledge
o Problem solving.

Acceptable minimum score: 2 out of 3

Item 3.4: There are eight people taking part in the ¢onversation about the wetland above. Read their opinions
and decide with which one of the people you agree most. Identify that person (e.g. farm community
leader, .....) and then describe, in about two or three sentences, why you agree with their argument.

Expected responses:

This answer is worth 5/5

o Persons with whom I agree most: Officials from DEA.
Reasons for agreeing with officials from the DEA.
Sustainable development is the key — long term.
Most people come out winners ~ it is a sensible compromise.

. 00

Other possible responses:
o Only the proposer, and is short term (e.g. farmer; community leader) (0-Imark)
o The proposer and one or two.more and is short term ( e.g. business woman, mother) (2marks)
o The proposer and one or two more and has long term possibilities ( e.g. birdwatcher)(3marks)
e Many different interest groups and is really long teym ( e.g. DEA official) (4-5 marks).

Process skills:
o [nterpreting information
o Justifying an argument.

Acceptable minimum'score: 3 our of 5

A number of alternative answers and variant response to items 3.1 and 3.3 were noted in

the learners’ scripts. These are recorded verbatim and discussed below.
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The majority of learners who achicved a fairly good mark (i.c. above 50%), answered
Question 3 adequately. Thercfore I will concentrate on the learners who attained lower

SCOrcs.

Item 3.1 was presented in two parts (sce figure 4.13). The rcasons given by learners

had to reveal a clear understanding of what a wetland is.

Learners’ responses in the English group: Item 3.1 (see Figure 4.13 on page 129)

Four reasons offered by one learner were:

“So it does not get polluted ™.
“So it can attract animals and birds .
“To protect children”.
“To attract tourist .
(25%)(middle)

The reasons given by this average learner indicated only to a certain extent whether or
not he or she had understood what a wetland was. *“To protect children™ was given in
the learner’s answer as a rcason to dry up the wetland instcad of prescrving it
(Appendix 1). It scemed that the learner could not use the picture and text illustrations

together successfully, as intended by the examiner, to answer the question completely.

According to Duchastel (1983:4), illustrations scrve to “enhance comprehension, and
reinforce the argument in the verbal part of the text in order to assist the reader in
understanding the message.” Although the CTA examiner presented the illustrations
accompanied by “talking heads” to provide the learner with a better understanding, it
scemed that most learners had difficulty interpreting the illustration as the examiner
intended. Another reason could have been that lecarners cxperienced an increase in

“memory load” from the text and illustrations given (Gobert & Clement, 1999:40).

Learners’ responses in the Afrikaans group: Item 3.1

Two learners responded as follows:-

“Die kinders kan baie siek raak’”.
“ Dit is vuil water”.
** Die kinders kan seer kv’
“Die diere kan dood gaan”.
(53%)(middle)

The children can get very sick.

It is dirty water.

The children can hurt themselves.
The animals will die.
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* klamigheid”
“ sicktes”
“ruim’”
“water”
(19%)(weuk)

dampness

sickness

empty
water.

It appcars that these learners also misinterpreted the question, and their rcasons for

prescrving the wetlands were not clear cnough.

From the above responses there was evidence that language, skill of expressing
themselves and comprchension skills may have been factors that influenced the
learners’ ability to answer correctly. According to Ramsden (1998) and Osborne and
Collins (2001), (cited in Bennett 2003), writing was viewed as the least liked activity in
science lessons because it required added linguistic skills that demanded lcarners to
express themselves more clearly. In science this problem was exaggerated by the
conventional usc of a certain scientific language that entailed “impersonal language in

reporting” (Bennett, 2003:166).

Learners’ responses in the Xhosa group: Item 3.1

“The children are not safe near the wetland .
“They abways seem to be ill”.
“The wetland is smelly because of the pollution”.
“dir pollution from the factories’.
(36%)(middle)

It seemed that this learner may have misinterpreted the question. The learner appcared
to have used the picturc of the wetland and described it as a hazardous situation, instead
of giving rcasons to preserve it as a valuable asset. In this instance, it seemcd that this
response could possibly have indicated a language issue, when a learncr who uscd

English as a second language struggled to interpret the question correctly.

Another learner wrote:-

“The wetland they must drain because of illing children’.
“The wetland they must drain because of the farmers must get
some more land to plant for people .
“The wetland must drain because pollution come with different
way "
(19%)(weak)
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This academically weak learner misunderstood the question completely. The learner
appeared to experience difficulty comprehending the question, and it seemed possible
that language may have been a contributing factor. This was detected from the
lcarner’s use of incorrect grammar. Perhaps the learner did not understand the

meaning of the word “preserve” and interpreted it as “getting rid of the wetland”.

4.3.7 Lcarners’ achicvement on CTA Question 4 (Topic: Chemistry)

Research sub-question No.l on page 97 will now be answered and discussed for the

learners” achievement on CTA Question 4.

For CTA Question 4, it was found that, for the combined sample of 1572 learners taken
as a whole, acceptable levels of achievement were attained only on items 4.1(a), 4.2(b)1
and 4.2 (b)2; but not on items 4.1(b), 4.1(c), 4.2(a) and 4.2 (b)3; for which fewer than

50% of learners achieved the acceptable level, as recorded in Table 4.4.

Table 4.4 presents the overall performance details for the combined sample on CTA

Question 4.
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Table 4.4:

Basic descriptive statistics for the performance scores of the
combined sample of learners on Question 4 of Section B in the 2004
Grade 9 CTA in Natural Science (n = 1572)

Item Question Mean * SD Mean Possible Acceptable f (%)
score % scores minimum
score
4.1(a) Study the 198+ 1.39 50% N/A 96 (6 %)
following 0 239 (15.2%)
diagrams 1 244 (15 5%)
representing 3 2 2 407 (25.9%)
different types 3 294 (18.7%)
and numbers 4 292 (18.6%)
of molecules
(A, Band C).
Use the key in
the above
diagram and
give a formula
for each.
4.1(b) Use the key 1.01x£1.59 25% N/A 121 (7.7%)
with the 0 953 (60.6%)
diagram and 1 49 (3.1%)
write down a 2 2 88 (5.6%)
balanced 3 90 (5.7%)
equation for 4 271 (17.3%)
the reaction
that occurs
when ethane
burns.
4.1(c) Balance the 0.39%0.72 20% N/A 124 (7.9%)
following 0 1055 (67.1%)
equation. 1 1 175 (11.1%
2 218 (13.9%
4.2(a) Use the 1.58%£1.50 40% N/A 126 (8.0%)
information in 0 475 (30.2%)
the graph to 1 188 (12%)
draw up a 2 2 284 (18.1%0)
table giving 3 265 (16.9%)
the 4 234 (14.9%
information
conveyed by
the graph.
4.2(b)1 List one 1.09+ 087 55% N/A 126 (8.0%)
advantage and 0 408 (26%)
one 1 1 360 (23%)
disadvantage 2 678 (43.2%
for the
children’s
family of
using wood.
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Table 4.4 (continued)
Item Question Mean *+ SD Mean Possible Acceptable f (%)
score % scores minimum
score

4.2(b)2 | List one 0.98+0.90 49%, N/A 127 (8.1%)
advantage and 0 525(33.4%)
one 1 ] 303 (19.2%)
disadvantage 2 617 (39.3%)
for the
children’s
family of
using propane
2as.

4.2(b)3 List one more 0424 0.49 42% N/A 127 (8.0%)
advantage or 0 806 (51.3%)
disadvantage 639 (41.9%)
for the family 1 1
of using wood
or propane.

Mean = average score

SD = standard deviation

f = frequency of the score

(%) = the percentage of the sample obtaining a particular score

Items 4.1(a) — 4.1(c) tested the learners’ ability to achieve learning outcome 2 (LO2)
(constructing science knowledge). The skills tested were ‘interpreting information’;
‘recalling information’ and ‘application of knowledge’ (Appendix 2). Question 4
linked with the section in the chemistry syllabus on balancing equations. This section
was taught in grade 9, and it was assumed that learners already had an adequate prior
knowledge relating to this topic. However, what was tested in the CTA was a skill in
‘interpreting diagrams and illustrations’ and not neccessarily content. In order to
answer this question, prior knowledge of chemistry at the atomic/molecular level
could be considered highly relevant (e.g. Gabel, Samucl & Huhn, 1987; Gabel, 1993).
According to Nurrecnbem and Pickering (1987), this prior knowledge of chemistry at

the atomic/molecular level is a major tool to enable conceptual understanding in

chemistry.

In general, students’ familiarization with the microscopic level of description does not
prove to be casy duc to the difficulty of perceiving invisible entities as concrete
objects and of dealing with them accordingly. Imagcry can prove to be a powerful
tool to facilitate this familiarization. In Italy learncrs and teachers found the use of
imagery to be very attractive and helpful when presented alongside the text
(Mammino 1994, cited in Mammino 2002:237). Dircct experience with students in

another context (Italy) showed that an approach involving a systematic use of imagery
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- by offering an explanation through imagery parallel and complementary to that of’
the text - received particular favour among chemistry teachers and encouraged

students to perceive chemistry as “attractive”.

It sccmed possible that in 2004 the CTA examiner tried to present the combustion of
gascs and chemical rcactions as realistically as possible, but this depiction gencratcc
mixed feelings from teachers at different schools when they were interviewed (scc

Section 4.4.4 on page 149).

To utilise different forms of gases, the CTA test sctter sclected the examples of
methanc and propane (given ecarlier in CTA Scction A).  These kinds of gases arc
classified as alkanes and - in both the past and at present — currently they are taught
later only in Grade 11 and Grade 12 under the scction on organic chemistry. All of
these CTA items 4.1(a) to 4.1(c) used imagery to represent the different atoms and
molccules. Learncrs were required to interpret the diagrams given, then to develop a
formula and balance an equation. This question displayed a good example of the use
of chemistry and balancing equations in everyday life. Although it can be argucd that
it cannot always be possible to provide cveryday life examples — it may make the
lesson more exciting and interesting. However, assessment tasks set in “real lifc”

contexts disadvantaged working class learners (Cooper & Dunne, 1998).

The performance results of the 1572 learners on item 4.1(a) were somcwhat diffcrent
from the findings reportcd by Mammino (2002) at the University of Venda, when first
ycar chemistry students had to write the formulae of a few molccular structures drawn
on the board. Although the mean scorc in the Western Cape for this Grade 9 CTA
item was 50%, only 19% of the 1572 learners in the current study managed to write
the formula correctly. A possible explanation for this could have been the ages in my
own sample ranged from 14 — 15 years when compared to the Venda study done with
first year university students, who were probably 18 to 20-year-olds who scemed to
perform better in excrcises using imagery to write a formula. However, the students
in the Venda study performed poorly when they had to draw ball and stick models of
selected molccules on the basis of the formula (i.e. representing the chemical formulac

using sketches).
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It would have been interesting to know how the Grade 9 learners might have performed
in a similar exercise in Section A if they had been asked to represent the chemical
formulae using sketches.  This particular approach to teaching chemistry should
possibly be required in the teaching of basic chemistry at the Grade 9 level, since some
Gradc 9 textbooks - such as Study and Master (van Zyl, et al., 2001) - which contain no
visual representations of atoms or molecules and their combinations — tend to prompt
teachers to rush into a particularly abstract approach to chemistry. Instead chemistry
teachers might be guided in the futurc to tcach more in this manner using visual

presentations, since these current (CTA) attainments were not very successful.

According to Mammino (2002:237), visual presentations express perceptions and
mental images about the object concerned, and they also prove to be a powerful tool to
clicit learners’ misconceptions about the two fundamental issues of chemistry: “how

molecules are made and what molecules do .

In this current CTA study, it was difficult to attain a complete quantitative cvaluation of
the extent to which utilisation affected the learners’ understanding and acquisition of
knowledge. Nevertheless, it appeared that the majority of learners cither had never
grasped the skill of using the given diagrams to balance the equation, or they had not
been given sufficient examples and exercises to do in class, according to the findings
for items 4.1(a) and 4.1(b). More research might be done to ascertain if this is indeed

SO.

Despite the information given in item 4.1, the learners’ performances on question 4 as a
whole were inadequate, although item 4.1(a) had a reasonably acceptable mean score of
50%. It seemed that lcarners had particular difficulty answering items 4.1(b) and
4.1(c). Initem 4.1(b), the lcarncrs were expected to writc down a balanced equation for
the reaction that occurs when cthane burns, using the given key and diagram. The
learncrs in their classes should have attempted a similar cxercise in Section A in the
preceding weeks, and therefore should have been familiar with this particular skill.
Nevertheless, 8% of the learners did not respond at all. Either they ran out of time or
they had no idea how to answer the question. Only 17% answered correctly and 61%
scored zero which was an alerting finding in relation to classroom pedagogy, learners’

understanding of the skill and learners’ interpretation of the imagery used in chemistry.
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Perhaps too few practice examples had been given to learners in classroom lessons
prior to formal testing, which could have rcsulted in their poor standardized CTA

performance.

Item 4.1(c) presented a question on balancing an cquation. Although no diagrams were
supplied to assist the learners, the learners should have acquired enough prior
knowledge in their classroom chemistry lessons to have been able to answer the
question correctly. For item 4.1(c), only one quarter of learncrs achicved 50% and
above. Two thirds of the learncrs obtained 0%. This was something for high school
science educators to be concerned about, since the teaching and understanding of basic
chemistry is fundamental for promoting future scientists. Gradc 9 remains a crucial
year for lcarners when subject choices arc made, not only on the basis of their
performance during the year, but also bascd on their impression of the school’s own

introductions to chemistry and physics courses.

For somc time, it has been argucd that content-led tcaching can be unsuccessful in
terms of learners not being able to apply their new knowledge in familiar contexts
(Simpson 1987, cited in Wellington, 1989). This view has been supported by
Wellington (1989) who believed that skills could be transferred into different contexts
and arc therefore morc relevant than content knowledge. However, I do belicve that
content and skills are difficult to separate as expressed by Ogunniyi (1999). Hence, it
can be suggested that cnough time should be given for learners to grasp a particular
skill and its different contexts in order to be able to apply the knowledge. If the aim of
the new curriculum is to teach learners to usc certain skills successfully, then my
impression 1s that everyday applications of certain skills might be made more specific
for teachers, by giving examples, so that learners can become more familiar with the
practical relevance of skills required. In CTA Section B it scemed that most Icarners
could not independently apply the knowledge recently taught to them in CTA Section A
in previous lessons, cither because they had not been taught it thoroughly cnough or

because they had not been given cnough time to grasp it in class.
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4.3.8 Learners’ misconceptions on CTA Question 4

Resecarch sub-question no. 2 asked:

“Were the learners’ misconceptions in knowledge and skills found to be similar to
those already known in the published literature, and did there appear to be any
misinterpretations of certain questions when representative samples of English-
speaking, Afrikaans-speaking and Xhosa-speaking learners had their CTA
answers scrutinized in depth through interviews with teachers and learners, as
well as on their scripts?”

This research sub-question will now be answered, analysed and discussed for CTA

items 4.1(a) to 4.2(b)3.

Appendix 1 reproduces the textual presentation of CTA items 4.1(a) to 4.2(b)3. It also

supplies the memorandum of expected correct answers and responses.

A number of alternative answers and variant response to items 4.1(a) were noted in the

learners’ scripts. These are recorded verbatim and discussed below.

Figure 4.14 reproduces the most common answer given by learners for the chemical

formula sought for each molecular diagram presented in the CTA item 4.1(a).

Figure 4.14: Example of a learner’s incorrect representation of a water molecule
(the middle response)

O, O.H, C.H,

The learner whose response is depicted in Figure 4.14 gave the correct formula for
oxygen (on the left hand side) and methane (on the right hand side) but wrote an
incorrect representation for the water molecule (in the centre). After inspecting their
scripts it became apparent to the researcher that many learners either had no idea of the
standard formula for water or they believed that each substance had a particular formula
that cannot be modified. A previous study also disclosed that many first year chemistry
students at the University of Venda also failed to realise that the water molecule has a

standard formula of H, O and that only the coefficient of the written formula can be
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changed, e.g. 3H, O or 4H, O etc. (Mammino, 2002). This implies that more concrete

examples and exercises, like visual representations of molecules, might have to be
given to learners in future to make clear the “law of definite proportions” - which
means that each substance has its own formula that cannot be modified but that the

number of molecules can be changed.

In the reproduction depicted in Figure 4.15 the learner gave the formulae for the oxygen
molecule and the water molecule correctly but either seemed to misinterpret the
diagram of the cthanc molecule (on the right) or did not realise that there was a bond

between the two carbon atoms, thus: CH,- CH,.

Figure 4.15: A learner’s incorrect formula for an ethane molecule (right hand
side answer)

0, 3H,0 2CH,

The learner in Figure 4.15 apparently saw two molecules of methane (CH , ) instead of
one molecule of ethane (C,H ). It seems that the learner did not understand that the

two carbon atoms were bonded together and therefore it is one molecule of ethane
instead of two molecules of methane as incorrectly indicated in the answer. If the
learner had sufficient time to complete CTA science paper section A - which had
similar examples - and if the teacher had gone over the exercise with the learners to
apply formative assessment effectively, then perhaps the learner in Figure 4.15 would

have been better able to give the correct formula.

Another learner whose answer is reproduced in Figure 4.16, had not developed the
skill of translating a visual representation of molecules into the correct chemical

formula.

Figure 4.16: Reproduction of a learner’s faulty attempts to compose molecular
formulae for three molecular diagrams

A =20 B =30 + 6H C=2C+6H
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I appears that the learmmer whose attempts are reproduced in Figure 4,16 merely added
the different number of atoms together instead of producing the formula required for

cach molecule.

These responses from learners supplicd enourh evidence to mdicale that some
learners had problems with chenncal formulae. However. a lurther interview with
lcarners will cstablish whether other  factors may also have miluenced their

performances,

Items 4.2(a) — 4.2(b)3 tested the leammers’™ ability to achieve Learning (Jurcome |
(LOT: serentilic mvestigations) and Learming Outeotie 2 {LO2: constructing scientific
knowledge).  The skills tested were “interpreting information” from straight line

graphs and ‘comnmnicating science information’ (Appendix 2),

For alem 4.2(a). learners were regquired to draw up a table using the information
conveved by the praph. Oualy 15% of the learners atlamed [0l warks, wath 42%,
appreciably underachicving,  After serufinising many sctipts, the problems that
became evident were: difticulty in rcading oft the appropriate dot ou the graph: and
incotiplete labelling of the table. resulting in a meaningless interpretation of data,
These Mndings suggested thal perhaps the skill of wanslating a graph to a tablc had not

been practised sutliciently in many classcs,

In future, although this particular skil! (tabulating a graph} is mentioned in the policy
document (DoE, 2002c) either science teachers could be civen examples to use from
a particular textbook, or additional examples could be developed by science teachers
themselves. There is cvidence 1o suggest that teachers way need specific practical
guidance, not mere policy documents, since there are vanious factors that could affect
the proper teaching of these skills. oy example, currently many Grade 9 teachers
teach mure than one subject: their classes arc big: they have burdensome loads of
admanisitative works they may have appreciable discipline problems to deal with;
tvpically they have onerous marking and deadlines to mect; and many leachers are
teaching Natural Science without an adequate background in the content of scicnce
thenisclves (White, 2003).
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A number of alternative answers and variant responses to item 4.2(a) were noted in
the Teamers’ seripts, and those also became apparent during the recorded interviews,
Figure 4,17, for example. reproduces a 15-year-old’s incorrect reading of points from

the eraph i response to item 4. 2(a)

Fisure 4.17: A learner’s response to item 4.2(a} showing an incorrect display of
puinis from the graph
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This photocopicd reproduction was a tvpical cxample ol the problems that leamers
encountered when rcading off points from a graph,  The correct reading required [or
the propanc value was 008 but the learner gave it as 0.4 It appeared that this learmer
could not sce a difference of (102 between each block. 1t might be said that this
misconception could be attributed as well to the leamer's possibly limited conceptual
undetrstanding ol the svinbolic representatons of decimals. Tt seemcd Lhat the learper
tocused on giving the correel answer withoul checking or verifving whether 10 was
logical or not. It appeared that some learers had delinite problems interpreting
points on graphs. One wonders whether the decimal values displaved on the vertical
axis conlused some ol the learners, This dilbicully i imterpreting pomnts [tom a graph
was also noted in a study by White (2003) who found that maost learners gave the
incorrect reading from the line graph. It appeared that the teachers in White's study
also expenenced dilliculty in scahing and intcrpreting graphs. Although this present
study did not investigate teachers’ ability to teach the process skills, one wonders

whether a possible lack of teacher expertise in teachimg line graphs and scaling was a
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factor that subsequently hindered the learners’ performance in interpreting line

araphs,

Figure 4.1% reproduces how one learner incorrecily drew a graph instcad of a table in
response to ttem 4.2(a). Previous studies also reported learners incorrectly drawing a

bar graph instead of a tahle (Sadeck & Scholtz, 2003

Figure 4.18: A learner’s reproduced response to item 4.2{(a) showing an
incorrect display of data
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Figure 4.19 depicts another learner’s effort in response to item 4.2{a).

Figure 4.19: A learner’s reproduced response to ilem 4.2{(a) showing an
incomplete table
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In this example the learner did not give appropriate headings to the table, nor o the
columns, These crrers corroborated the findings of a previeus study al the Bellville
Peminsula Techntkon in which it was found that very few learners had labelled such
columns {Sadeck & Scholtz, 2003). The dala displayed by the leamer in Figure 4.19
does not make any sense and the values are incorrect. Onee again the leamer whose

work is reproduced in Figure 4,19 had read oft the peints incorrectly.
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Table 4.5: Basic descriptive statistics for the performance scores of the
combined sample of learners on Question 5 of Section B in the 2004
Grade 9 CTA in Natural Science (N = 1572)

Question Question Meant SD | Mean Possible Acceptable F (%)
no. score scores minimum
% score
5 Explain the 1.73% 1.71 28% N/A 127 (8.0%)

influence of 0 428 (27.3%)
the rainfall 1 239 (16.5%)
in 2 255 (16.2%)
2003/2004 3 3 216 (13.8%)
on the bird 4 164 (10.4%)
population 5 91 (5.8%)
in 6 32(2.0%)
particular,
and on the
whole
ecosystem
in general.

Mean = average score

SD = standard deviation

= frequency of the score

(%) = the percentage of the sample obtaining a particular score

Question 5 tested the learners’ abilities to achieve Lcarning Outcome 1 (LO1)
(scientific investigations), Learning Outcome 2 (LO2) (constructing science
knowledge) and Learning Outcome 3 (LO3) (science, socicty and the environment).
The process skills tested were ‘interpreting information’, ‘communicating science

information” and ‘inferring’.

In this question, 32% of leamers could at least interpret the three graphs, but they

were unable to draw conclusions; and only 2% scored 6 out of 6.

According to the rubric for CTA item 5 (Appendix 1), only 18% of lecarners could
make a plausible link between two of the graphs. This finding is of concern since
interpreting graphs and making inferences 1s very much part of the attainment of

Learning Outcome 2 (LO2: constructing scientific knowledge).
4.3.10 Lcarners’ performances on CTA Question 5
In this particular question, learners were required to interpret information by

translating line graphs and a bar graph into text descriptions, and to describe the

relationship between variables and the effect of one variable on the other. Graphs and
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diagrams arc abstract spatial representations (Hegarty, Carpenter & Just, 1991).
However, graphs differ from diagrams becausce they illustrate relationships among

variablcs, whereas diagrams describe processes and structures (Winn 1987:165).

This CTA cxercise presented the lcarners with diagrammatic, graphic and pictorial
illustrations combined with text. The learners faired better at interpreting the picture
illustration represcentations with combined text, 1.c. question 3, when compared to their
performances in the diagrammatic representations (items 4.1a, 4.1b) and graphic
representations (items 4.2bl, 4.2b2, 4.2b3 and 5). However, in view of the small
number of questions presented in the diagrammatic presentations and the larger range
in the graphic and pictorial illustrations, the patterns of the overall scores pertaining to

these items must be interpreted with caution.

Also, a factor that may have influenced these results was that some lcarncrs answered
none of the latter items, most likely because of a limited time constraint. However, it
does seem that the graphs proved to be more complex representations for the learners
- as many of them mentioncd in the interviews — since their insights into the
relationships between variables were tested in these types of questions in particular.
When interviewed, lcarners said that they found the bar graphs to be the casiest to

interpret, which corroborated other authors’ views (White, 2003).

4.4 A critique of the presentation of the test designer’s format and presentation
of the 25 items in the CTA

Research sub-question No. 3(a) asked:

“Did the in-depth interviews conducted with the selected teachers and learners
reveal possible short-comings in the wording and composition of each one of the
items 1 to 5 (e.g. in respect to clarity, length, layout, degree of abstraction,
sequencing, weighting, appropriateness for RNCS 2002, ambiguity and
diagrammatic representation)?”

Research sub-question No. 3(b) asked:

“Did the in-depth interviews produce triangulating evidence that clearly
illuminated, explained, corroborated or amplified the empirical findings
presented as answers to the research sub-questions 1 and 2?”
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The answers to Research sub-question No.3(a) and 3(b) arc presented and discussed as

follows:

4.4.1 Critique of CTA item 1.4

This item tested skills in interpreting information, observing, comparing and decision
making which refer to more middle level, complex cognitive competences (Green &

Naidoo, 2006).

The outcomes tested were LO1 and LO3.

When interviewed on the appropriateness of the wording and composition of CTA

item 1.4, Teacher A said:

“The question on how the father should use their money - I think it is a lot to ask
of a child as to how their father should be budgeting and really it is very difficult
to give anything other than 5 marks because it is their opinion which, by
definition, can't be wrong. I think it was very open-ended and not enough
guidance as to what exactly the student should do .
This question (item 1.4) prompted learncrs to think deeply about a situation and
encouraged decision making with regard to a situation. It reflected what had been

specified in the curriculum:

Teachers are encouraged to view the remaining 30% of the time as available for
extending the core and for curriculum development around contexts which are
significant to learners and the local community. These may be economic,
environmental. social or health contexts.

(DoE 2002c:7).

[ agree to some extent with the teacher’s comment that it was an open-ended
question, but I believe that it encouraged many learncrs to demonstrate their
attainment of outcomes in issues which had relevance to their lives, as mentioned in
the Natural Science policy document (DoE, 2002c¢:7). Therefore it could not be
regarded as an unfair question in the light of the policies of the new revised
curriculum.  However, the tcacher’s response implies that these open-ended
contextually designed questions are not very explicit and they also require learners to
read, absorb and respond. Studies clscwhere have also shown that learners scem to
struggle with thesc types of contextually designed questions (Bansilal, 2008; Boaler,
2003; Cooper & Dunnc, 1998).
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4.4.2 Critique of CTA item 3.1

When interviewed on the accuracy and rclevance of the wording and composition of

CTA item 3.1, Teacher B said:

“ltem 3.1 should have been broken down into sub-questions. It was for 8 marks
and they do break it down to some extent. Your top students are fine with it but
your slower students need to be asked things nuich more specifically.  Perhaps
wording the question differently, like ‘what is a wetland?’ and, using the
description of a wetland, give four reasons, etc... At this level it was too vague,
especially for the slower students. The top ones would probably be alright with it
but the slow ones missed the point completely ™.

It seemed that this teacher believed that the question should have been made more
explicit for the weaker Icarner who could then have had an opportunity to describe a
wetland. Although the new curriculum recently acknowledged the need for lcarners to
recall meaningful information when needed, it did not imply that learners should
memorisc material that has no meaning for them. A morce advanced ability to test was
‘comprehension’, which was presented in this question, where the learner had to
explain in his or her own words the reasons for preserving the wetlands. In this way
the learners’ values were elicited in relation to the environment and sustainability -
which was very much emphasised in the recent new curriculum (DoE, 2003b). The
problem did not necessarily lie in the phrasing of the question, but it was also possiblc
that the lcarners did not know how to interpret the picture and translate it into words,

or text given. One of the learners stated that: “Ir was like an English comprehension test...noi

straightforward "

During 2005 many environmental problems were discussed on television and
presented as articles in the ncwspaper, and many learners should have been able to
defend an argument for or against a particular situation. The manner in which the
question had been asked cncouraged the learners to think analytically, instead of
answering a straightforward question, which was rccommended by the teacher. On
the contrary, it seemed that the learners who under-performed in the overall test, as
well as thosc who spoke English as their second language, answered CTA item 3.1
poorly. There was evidence that the weaker learners - and those using English as their
sccond language - had problems interpreting the question (section 4.4.6). This was
apparent in some of thc transcripts (sce section 4.3.6). These results cxtend
Vygotsky’s theory (1978) of social constructivism which viewed learning as a social

interaction within a certain context, 1.e. there is a strong link between socicty and the
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individual learner. His learning thecory extends to the belief that ““all students can
lcarn™ which runs counter to the belief that only an eclite group of learners can
undertake challenging tasks (Shepard, 2000:7). This implics that asscssment tasks
like these should be designed to accommodate diverse groups of learners well, so as
not to disadvantage them in anyway. However, the CTA - which was the form of
communication in this instance - was written in English and so many learners who
used English as their second language were scemingly disadvantaged. This stands in
contradiction to the intended curriculum with regard to the CTA, which states that the
*...language uscd in the questions and in the texts should be simple cnough to cnable
the learners to engage meaningfully in the activities, 1.e. ensurc understanding” (DoE,
2002b:10). There was evidence of weaker lcarners who were also discriminated

against, since the CTA questions werce not straightforward and explicit.

4.4.3 Critique of CTA item 3.2

When interviewed on the appropriateness of the wording and composition of CTA

item 3.2, Teacher B said:

“I thought thar 3.2 overlapped quite a lot with 3.1. Uhm...that there was a bit of
ambiguity there, that [ find when as I was going through them. I found, well, |
have already given some of this in my previous answer "

The ambiguity in this particular item had also been highlighted by a subsequent

intervicw with a learner (scc later Section 4.4.6, page 152).

4.4.4 Critique of CTA Question 4

When interviewed on the wording and composition of CTA item 4.1, Teacher C said:

“These combustion equations were quite complex equations to do for a Grade 9
student. That work comes from the Grade 12 chemistry section. They could have
used examples that they are more familiar with™.

“This work should be made more clear in Grade 9 work scheme. This is Grade
11 and 12 chemistry”.

Although the examples given in the CTA were traditionally taught in the Grade 11 or
Grade 12 syllabus, it was mainly the skill that was being tested. Recalling prior
knowledge, based on the topic of combustion, it was necessary for lcarners to know
what products were formed from thc reactants. However, in this instance, an
understanding of the particular skill in transforming diagrammatic representations of

molecules into formulae was being tested, not necessarily the content of a section of



Chapter 4 : Results and Discussion 150

the Grade 12 syllabus. This was consistent with what was written in the Natural
Science Policy document (DoE, 2002c¢:9), viz. *“...competence involves process skills
such as transforming information from onc form to another”. It was also consistent
with the draft framework for the development of the CTAs (DOE, 2002¢:9), viz. =
...this is a type of assessment that emphasises the learners’ ability to usc or transfer

their knowledge, understanding and skills and outcomes...”.

The teacher’s responsc implies that at least some tcachers are not satisfied or have not
accepted this type of questioning, which is based on the transference of skills. The
tcachers’ recommendation of familiar problems implies that the level of cognitive
compctence referred to by the question was too high; and that questions based on
‘recall” which were classified under a simple cognitive competence level were
recommended instead. Teachers were finding it difficult to accept the new form of
assessment. A possible mismatch between the intended curriculum and the perceived

curriculum may have been apparent.

As commented earlicr (scection 4.3.8), the technique of using imagery in the teaching
of chemistry is a positive move to making the subject less abstract and facilitating the

learning of chemical formulac.

Teacher D said:

“Ons het die natuur gedeelte oor gebalanseering van vergelykings en formule
baie goed behandel. Dit het ons deur die jaar gedoen, en so die kinders is vertrou
daarmee maar n skool byvoorbeeld wat dit nooit gedoen het nie, jy kan nie nou
binne twee, drie dae vir n kind in die GTA (A) dit verdvdelik en nou verwag hy
moet dit in GTA (B) ken nie .

We handled the section on balancing equations very well. We did this during the

year but a school that did not do this section cannot be expected to know it and

write on it in Section B after been taught only two or three days in class.
This teacher seemed to think that some learners may have had insufficient preparation
time in which to learn the particular skill of transforming molecular diagrams into

formulac. This could possibly be a factor that contributed to some learners’ poor

performances in these particular items.
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445  Critique of CTA Question 5

When interviewed on the wording and composition of CTA item 5, Teacher A said:

“There were three things that I found problematic. The one is having it as a split

question where you have to refer to three graphs and continually going backwards

and forwards. What tended to happen is the slower kids onlv looked at graph C

because that was on the page that the guestion vwus on. The question was quite

clear that you had to use all three. The paper should have been designed so that it

was on facing pages. The second problem was in graph B. The label on the y-axis

savs ‘total poison’, whereas the units of it are actudally in concentration, not

total amount of poison, and also that it is contradicted as well as with page 12

where it savs a factory ' pumps out a large constant’,  and presumably the

constant amount of poison is the total poison. Aguin, that disadvantaged the

clever children who were now very confused as to what was going on. Some of

them realised that the units were concentration and therefore ignored the word

‘toral’, but I think it's bad planning in terms of the person setting it. This question

was way too abstract for the average student. Generally our average to hottom

students wrote close to nothing for it. They were completely overawed by having

1o take three different graphs, pull all the information together and — come up

with something.  Mostly I would say that the question was exceptionally badly

done. It was a good question but it would have been u good question for more like

a Grade 11 or Grade 12 thinker rather than an average Grade 9.
There were obviously many suggested rcasons for the learners’ poor performance in
this particular question (Table 4.5) and the above comment from the tecacher summed
up several possible factors that may have influenced their achievement. According to
this tcacher, the question was a very complex one for an average Grade 9 learncr to
handle. It required the lcarner to work with threc different graphs, but all of the
graphs were not supplied on the same test page, so learners had to turn pages

repeatedly to be able to explain the influence of low rainfall on the bird population.

These comments were supported by Chandler and Sweller (1991) who also showed
that the presentation of poorly arranged data caused learners to divide their attention
among the various pieccs of data. This created ‘cognitive load” which, in turn, led to
an inefficient processing of information. Incorrect labelling of Graph B by the CTA
test constructor also seemed to have confused some of the higher achieving learncrs
who knew what the units for concentration were. Instead of “rotal poison” the phrase
should have read “concentration of poison.” Ferry, Hedberg and Harper (2002)
stated that context played an important part in the interpretation of graphs and tables.
They also believed that it was important that key terms in the text were understood

and were clear to the learners.

The term ‘process skill’ was originally intended “to refer to the learners’ cognitive
activity of creating meaning and structure from new information and experiences”

(DoE, 2002c:13). If this were the case, then - according to the analysis recorded in
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Table 4.5 - many learners in the current large scale study had not rcached this
particular stage of cognitive development. This level of cognitive competence, viz.
complex cognitive competence - which is the middle level (Green & Naidoo, 2006)
requircd the following skills: interpreting information and communicating the science
information. According to the teacher, this question disadvantaged the weaker and
average lcarners, which meant that these questions were not suited for all learners.
Consequently, they should have been given appropriate assessment tasks modified to
suit their cognitive lcvel, and they should not have been expected to tackle tasks that
were beyond the thinking of an average Grade 9 lcarner. Perhaps the level of wording

of this CTA question was morc suitable for a Grade 11 or Grade 12 lcarner.
4.4.6 The interviews with learners: additional results and findings

In general, lcarners in the focused interview were cager to answer the questions and to
highlight certain questions with which they had problems. Although only a few
selected quotations will be given below, it was hoped that cognisance would be taken
of the learners’ comments by tcachers, future CTA examiners and curriculum planners
to develop new teaching strategies and improved questions in the CTA, and to place
morc cmphasis on a description of model classroom lessons. In this section cach
interview question will be presented and integrated with its discussion and the

relevant quotations of learners.

Interview Question 1

Do you think the questions were set in an unfair or fair way? Probing questions: Did you find
specific questions difficult? Give me an example. Why?

The majority of learners interviewed said that they found Question 2 (identifying
variables) to be difficult, followed by Question 4 (chemistry), Question 1 (electricity).
Question 3 (wetlands) and Question 5 (interpreting graphs).

Some of the reasons that learners gave relating to the perceived unfairness of the test

WwEere:

“Yes it was unfair because this English...it was too difficult for me".
(Xhosa learner)

“Yes I think it was unfair because... the questions were so hard for me. I didn’t
understand”. (Xhosa learner)
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The above quotations were quotations from Xhosa-speaking lcarners. It scemed that

language was a factor that resulted in at lcast some of the learners’ poor performances.

Lecarners who were interviewed reported that they found the table in Question 2 of the
CTA confusing and said that they did not understand the question. Typical responscs

WCre:

“I did not understand this...it made e confused”. (referring to the table).
(English learner)

“I don 't really understand voltmeters, currents and amps and reading this table
was a problem ™.
(English learner)

It seemed that many Icarners were not taught the concept of “voltage™, and it appeared
likely that too much unnecessary information had been given in the table (Question 2).

These responses strongly corroborated what teachers had said after being interviewed.

Referring to CTA Question 3, some learners commented that they were not familiar
with the style of questioning, and said that the items were ambiguous - which was also
corroborated by a teacher (scction 4.4.3, page 149). Three examples of responscs
were:
“I don’'t think we were exposed much to this npe of questions .
(English learner)
“Not used to the tvpe of question ™. (English learner)

“They were repeating these questions - because every question we had to,
like, look at the answer before and then tv 1o work out from there ™.
(English learner)

“Too much to read”. (English learner)

“It was like an English comprehension test...not straightforward ™.
(English learner)

These comments supported Bansilal’s (2008) findings which also recorded that
learners had difficulty with contextualized tasks and that thcy were disadvantaged.
These tasks required more reading and were similar to literacy tasks, as indicated by
onc of the above lecarners. This skill of reading and interpretation rcferred to the
complex cognitive competence level which was not based on simple tasks that
required the learncr merely to recall prior knowledge. The above comments also

support Black’s (1999) argument that an assessment instrument should be carcfully
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developed to avoid certain learners from being disadvantaged. His argument is an
extension of Vygotsky’s (1962) theory, cited in Black (1999), that viewed learning as
a social intcraction and that the nature of the discourse (the¢ CTA) would have an

influence on learning, viz. on the learners’ performance in this instance.

Referring to Question 4.1 of the CTA, some learners commented that they
experienced problems with interpreting the diagrams of molecules given. Typical

quotations were:

“Hierdie reaksies was moeilik gewees . (These reactions were difficult).
(Afrikaans learner)
“I thought they gave it to you in this way so you had to write it in this way.
(Referring to the diagrams). So [ didn’t know how to do it in this wav". (Referring
to the symbols given). (English learner)

The learner thought that she had to represent the answer in the form given by the
diagram instcad of using a formula as thc final answer. It also scemed that some

learners did not always read through the questions properly, as one learner admitted

“I don’'t think [ read through the question . (English learner)

Some learners said they found difficulty in reading the points on the graphs in CTA
item 4.2 and that these kinds of questions were different from what they have been

exposed to. One learner said:

“The graphs was OK and evervthing... (pause).. but it was just ...uhm... It
looked quite easy but then... uhm...the whole question itself wasn't asked
the way we would have wanted to. It was in like a high, difficult way ro do
it. So it wasn 't very easy .

(English learner)
“The way the teacher explained it and the way it is in here, it wasn't
exactly the same”. (English learner)

“I could not make out what to do...how to use the graphs...I did not
understand the  question...it wus hard”. (English learner)

It appeared that these learners were used to been tested on what they had been taught.
They found it difficult to answer questions that had been put to them differently, or
that they were not used to. Graphical interpretation is a skill classified under a middle
complex cognitive compctence level (Green & Naidoo, 2006). Once again, learncrs
had a problem in transferring the necessary skills emphasized in the curriculum (DoE,
2002a). In future, if they arc given cnough examples to practice by using different

contexts, then perhaps they may develop the desired skill in interpreting graphs and be
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able to transfer this very important skill in different contexts. The presentation of the
points on the graphs by the CTA test constructor was confusing to some learners, as

reflected in these learners’ comments:

“The way they mark it...like here vou re not sure if' it's on block or on the
line". (English learner)

I found it difficult to read the dots...it was not very clear”.

(English learner)

This reveals that some learners were disadvantaged by the design of the question.

Interview Question 2

Did vou find the language used in the test difficult or not? Probing question: Why?
(Would vou have preferred the Natural Science CTA to have been written in Xhosa?)

Although only 52 learners were interviewed, about half of thesc learners lcarners
rccommended that the language used in the CTA could have been made more simple
and clear. Several learners also pointed out that the CTA was incorrectly translated
from English into Afrikaans. Although many of the learners who spoke English as
their second language said that they found the language used in the CTA difficult to

comprchend, most of them commentced that they preferred to write it in English.

The following quotations from learncrs scemed to sum up what some of them thought:

“Some words...thev ask it weird. Instead of just it saving it more simple, they put
these big words in there . (Xhosa learner)

“The language was too high (meaning difficult) .. it took us long to read .
(Xhosa learner)

“Ja, dit was moeilik. Hulle kan dit meer “straightforward "gevra het .
(Afrikaans learner)
Yes, it was difficult. They could have asked the questions more straightforwardly.

“Die taalgebruik was van die slegste, slegste gehalte want dit was direk van
engels vertaal. Hulle het dit woord vir woord vertaal en nie sin vir sin nie”.

(Afrikaans learner)
The language used was the worst since it was directly translated from English. It
was translated word by word instead of sentence by sentence.

This is proof that the language used in the CTA, disadvantaged somce lcarners. Thus,
if a CTA needs to be translated, it can be argued that it should be checked thoroughly

by a language translation expert beforc being printed.
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Interview Question 3

Referring specifically to CTA Question 2, this question is about using the investigation method.
Many teachers complained that this question needed attention.

(i) Do you know what a variable is?

(ii) Explain to me in your own words what a variable is.
(iii) Did you learn about variables in your class?

(iv)  When or where?

Approximately three quarters of the interviewed lcarners could not cxplain what a
variable is. Although many mentioned that they had learnt it in class, they could not
cxplain what it described. This appears to account for the high percentage of learners
who performed very poorly in CTA Question 2. It seemed that the learners were
cxposcd to this type of question for the first time only when doing the CTA, as
mentioned by two learners after being asked whether they had been taught in class

about variables: “No, only in the CTA” and “We didn’t learn about these things”.

‘Planning scicnce investigations’ had been identified in the Revised National
Curriculum Statement (DoE, 2002c:14) as one of the process skills considered
essential for creating outcomes-based science tasks. Possibly, however, either it had
been poorly taught in 2004 or it had been left out completely in Grade 9. Perhaps
some teachers did have the motivation, drive, knowledge and enthusiasm to develop
problems that would facilitate learning of variables but, for various reasons, not every
tcacher would have had these. There was cvidence to suggest that teachers should
have been given a guidance manual or textbook alongside the policy document with

specific examples or references to study for tackling certain difficult concepts.

Interview Question 4

Referring to CTA Question 4.2 and Question 5, could you, or could you not, make sense of th¢
graphs? Probing question: Why?

Approximately threc quarters of the learners reported that they had difficulty
interpreting Question 4.2. Many of the rcasons given were based on the presentation
of this item and on the learners’ insufficient practice. The majority of learners said
they found the bar graphs in Question 5 easier to interpret.  Typical responses

supporting this conclusion were:
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“I think we didn’t understand it because there’s too much things on one
page ™. (English learner)

“Straight line graphs...you can't reud it properly. Bar graphs are easy to
read”. (English learner)

“We didn't do a lot of straight line graphs. It was mostlv just bar graphs
and pie charts”. (English learner)

“I do not know this graphs (pointing to line graph) ...it is roo difficult .
(Xhosa learner)

In his study on tcachers’ process skills, White (2003) stated that the pictorial
presentations in the bar- and pic- graphs were quickly and easily interpreted.
However, the linc graphs were morc abstract and therefore might have required a
deeper understanding of how the numbers on the axis rclate to each other and to the
linc on the graph in order to answer qucstions. In the present study, it also appcared
that a few learncrs had difficulty in rcading the points from the straight line graph

because 1t had decimal numbers. This was one learncr’s responsc:

“Omdat hierdie een is met 0.2 of 0.3 gewerk en hierdie is net ronde getalle... by
die kolom grafiek ™.

Because this one uses 0.2 or 0.3 (referring to the line graph) and these are just
rounded numbers...from the bar graph (referring to the bar).  (Afiikaans learner)

She also mentioned that rounded numbers were casier to work with, as used in the bar
graph, instcad of decimals which were used in straight line graphs. Other responses
were:

“Because it was a line graph, and I'm not quite good in the line graphs, because
most of the time we did the bar graphs. So it is a new thing for me in high school .
(English learner)

“Because we weren 't exposed to such kind of graphs ™. (English learner)

“There were too many graphs...thev confused me " (English learner)

Learners cannot be expected to perform certain tasks if they have had insufficient
practice with them. These responses from learners corroborated prior rescarch on
graphical presentation and the degrec of correct interpretation of certain types of
graphs, as discussed earlier in Scction 4.3.9. When learners interpret graphs (Ferry,
Hedberg & Harper, 2002) they often have to re-sort values in their heads and this
created cognitive load which inevitably led to errors, and therefore time was required
for learners to do this activity. It scemed that learncrs lacked certain skills associated
to graphical interpretation. The learners’ responses imply that not enough time was

available for them to read through the question properly and that they had not enough
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practicc on straight line graphs. This skill of graphical interpretation refers to the
complex cognitive competence level at which learners have to relate two or more
concepts (Green & Naidoo, 2006). However, it is difficult to link these factors with
any theory. It can only be noted that there was insufficient time for them to complete
test and they were not well prepared for the test. This was also revealed in the
interviews with the tcachers. However, whether or not this time factor is crucial for

learning and fair assessment could be questioned.

A quarter of the learners mentioned the time allocated for the CTA test as a mitigating
factor, which might cxplain why many learners did not attempt to answer Question 5.

Onc learner said:

“The graph does not usually tell vou a lot about what is going on. We have to
make out what we see from it. It takes a long time for you to grasp it as well,
because you must think of what you see... and evervbody sees it from a different
perspective. So this stuff takes a lot of time in the exam, and time was very litile in
the exam, and not evervbody finished the paper ™.

(English learner)
“I had to read the question and then look at the graphs. We needed more
time...not use to so many graphs for one question”. (English learner)

Interview Question 5

Referring to item 4.1(a):-

(i) What do you understand about these diagrams? What arc they showing you?
(ii) Did the key in item 4.1(a) help you find the formula?
Probing question: Was it useful?

Although many of the lcarners could not answer items 4.1(b) and 4.1(c) correctly.
about three quarter of the intervicwed lcarners were able to describe the diagrams in
4.1(a), and most of the learners said they found the key helpful. This is how two

lcarncers described the presentation of the question:

“I enjoved this question. They show pictures of the way atoms are bonded. Yes I
suppose it did (referring to the key as being helpful). It told us which ones are
which and, looking at an atom that is bonded in a certain way with certain other
atoms. We can therefore guess the formula, and sometimes it will be a formula
that we know and be able to know exactly what the chemical reaction is”.

(English learner)

“It's like a typical picture story using chemicals. This is perfect. The teacher
writes it on the board and you don't actually have that perfect picture. You just
see how they calculate it, but with the picture vou can actually see... it’s more
interesting .

(English learner)
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It seems that the diagrams were particularly helpful to at least some of the learncrs in
that they madc thc CTA question less abstract by making it more visual and

interesting.

These learners were not always clear when describing the diagrams. One learner

scemed to be confused between products and reactants:
“flere thev give us the key which makes it easier. You combine the
products together and then you come out with the reactants .
(English learner)
One unusual learner incorrectly described atoms as “antonyms’:-
“Uhm...that some are antomyms and that some are oxvgen and hvdrogen.

They showing vou different things? " (English learner)

Interview Question 6

Are the types of questions asked in the CTAs different from what vou are used to getting in class?
Probing questions: In what way? Did vou get these kinds of questions in your classwork?

About three quarter of the learners reported that the questions in the CTA were
different from those with which they were familiar in the classroom. Four main
differences mentioned were: the new style of questioning adopted in the CTA (based
on real lifc situations); the novel language format used in the CTA (too long winded);
its vaguencss (which made it difficult to understand); and the fact that certain
questions in the CTA also involved more problem solving skills. Typical responscs

WCrce:

“Thev are different. When vou get a class test it's more specific, but with this CTA
it was a bit vague . (English learner)

“In a way they are kind of different. They set out differently, different wording, so
it becomes a bit tricky when you get to a question” (English learner)

“Yes, its more advanced I think. It makes vou think more and...uhm...I think its
good though. We were expecting it to be more difficult”. (English learner)

“Yes. In the way the questions were asked...they are different. Like... they asked
in more complex ways'. (English learner)

“A lirle bit different but thev still understandable. Questions in class are a little
bit more straightforward. The CTA was a bit confusing by the way they phrased
ir". (English learner)

“In class Miss... they will ask vou things more .. like straightforward... what you
done and CTA, it's like more problem solving . (English learner)
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“lts based on a story...but this makes it difficult to understand because too much

reading. ” (English learner)

13

Yes..when a teacher writes for you in class he/she makes the words for you to he
easy and professionals don't think about vou..they just write what they
understand . (Xhosa learner)

Thesc findings support those of Boaler (2003), who believed that standardized testing
discriminated largely against certain learners at low SES schools and against thosc
learners who never spoke the language of the test. Thesc responses of learners can be
cxplained in the light of Vygotsky’s (1978) theory of social constructivism, that social
influences cannot be separated from the individual lcarner. Hence, Black’s (1999)
view of assessment is propelled by this theory — that belicves that assessment tasks
should be carcfully designed to prevent any form of bias. Also, this type of
contextualized task raises issues of concern regarding social influences and language.

as this study and past studies have revealed (Boalcr, 2003; Bansilal, 2008).

There were a few child’s who disagreed with the above learners’ responscs. This is

what two other learners said:

“No it isn't very different. Just the variables section’. (English learner)

“A little bit different. In classwork you did not see the drawing (referring to
question 4.1). You just learn about oxygen and nitrogen’.
(English learner)

Thesc learners viewed the style and format of the CTA as not totally different, but

different with rcgard to certain questions only.

Some learners commented that the test had questions based on real life situations. A
typical responsc was:

“They do try to relate to the real world. Thev give examples in 4.1... Hans and

Sally also set (Question 4.1). Whereas in science we get more a divorced view of

things so you'd say methane is a gas... I found it quite irritating because they
were interfering”. (English learner)

“lts based on a story...but this makes it difficult to understand because too much
reading . (English learner)

It secemed that this lIcarner preferred to be questioned in a purely scientific manncr.

without any reference or relevance to a real life situation.
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Ovecrall the responses from these Icarners gencrally appeared to imply that the CTA
had a different, sometimes unfamiliar, style of testing compared to a traditional class
test. Perhaps morc of these questions should be given to learners during normal
classroom lessons so that they can get used to them. However, to benefit the lcarner,
perhaps they should be incorporated regularly during the year, and not be presented as

a once-off separate section altogcether.

4.4.7 The interviews with tcachers : additional results and findings

Five teachers were asked these two open-ended questions:

. How did you find the CTAs of last year?
(referring to the Section A booklet)
. Do vou think they should continue or be discontinued?

The various responses that cmerged from the interviews with teachers could be
categorised as: (i) pedagogical problems identified; (i1) problems pertaining to the
CTA question paper itself, and (ii1) recommendations for future Natural Science
CTAs. Each category will be presented with a discussion, including the relevant

quotations of tcachers.

(i) Pedagogical problems identified

All of the interviewed teachers identificd time as a factor that hindered their ability to
do justice to the CTA. Sufficient time on tasks was one of the factors that were
associated with higher achievement in learners (Reeves, 2005). It seemed that there
was not enough time for CTA consolidation since tcachers had to do other
administrative work. Despite the recommendations suggested by Sieborger (2004), in
1998, the workload of tcachers has not decreased. This was summed up by some

teachers:

“The timing of the CTA exam was a major problem for us because we were
administering the exam, preparing question papers for the other grades as well "

“There was not enough time to go back to students to show them where they have
gone wrong. This is a problem of doing it at the end of the year in a rush fashion
whereas if we do it earlier then we can do the consolidation”.

It also seemed that the estimated time predicted for learners to have been taught CTA

Section A in 2004 was shorter than anticipated. One of the tcachers said:
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“lt takes up a lot of time. We've had to cut back on other sections. It takes longer

,

than we were told it would take .

All of the teachers said they believed that the CTAs should be continued but that
they should have been given sufficient time to tcach thc CTAs thoroughly. Also
emphasised was the nced for the curriculum to be more specific in relation to
sequencing content so that there is consistency in teaching and achicvement levels

required among schools. Typical responses were:

“I do think there's a place for them. [ would like to see them continue simply
because it gives something that is common to all schools. But [ think the proof
reading should be a lot more carefully done and should, maybe, be looked at by
specialists so that we don't get things like total amount of poison being written in
units of concentration, so I think a little bit of specialist input is needed. There
should also be more leeway for the teacher who knows what the kids have been
taught to mark them as we know we have taught them. You do need consistency,
but if you are going to ask for that sort of consistency in your answers you also
have to have the same sort of consistency in vour syllabus in terms of detailing
exactly what must be taught. You can't have the syllabus open-ended but have
your answers very restricted’.

[ think they should continue, I like them « lot. The way they are put together is
very nice. The only thing is we need to get them in time. You don’t do justice to
something which took hours to put together”.

“Ek dink as hulle dit anders deur voor die tyd ..miskien vir 'n mens leiding te gee
oor  die teme - as hulle vir ons 'n bietjie meer struktuur gee”. (They could give
us an idea of the theme to give us guidance - should give it to us in a more
structured manner).

“I think the whole idea of a common task for evervone is a good idea but they
should be giving it to us at the beginning of the year so that teachers can work
with it during  course of year. But the concern is that teachers will only work
through this and not do anvthing else. But I think if they give us a syvllabus and
indicate to us the kind of content  we need to be teaching students as well as
giving us a sample, a CTA that evervbody does, then we can throughout the year
be doing that and also see the level and the kind of questions that we can adapt to
other sections of the work in a similar fashion. But doing the CTA at the end of the
vear, I don’t think it’s a good idea. There was not enough time for consolidation
and there was not enough time to go back to students to show them where they
have gone wrong. This is the problem of doing it at the end of vear in a rush
fashion, whereas if we do it earlier then we can do the consolidation; and If they
can explain difficult words...the meaning of the words (from English into Xhosa)
at the bottom of the page...it will be usefull .

Although it can be argued that the CTAs were not nccessarily content-based but
included contextually-designed skill-based tasks, the responses of some of the
tcachers have implied that the content was the main focus. This is somcthing to be
concerned about, since the teachers did not scem to understand the design and
intention of the CTA, which was the “ability to use or transfer their knowledge,

understanding and skills into action...” (DoE, 2002b:9). However this implication
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supports Ogunniyi’s (1999) argument which claims that it is difficult to set test items

that scparate process skills and content.

Translations from English into Afrikaans werc regarded as poorly done. A teacher

from an Afrikaans speaking school said:

“Die taal gebruik was vir my baie swak, ...uhm...dis nie direk genoeg, dis nie die
taalgbruik wat die kinders gewoond is in vraestelle nie .

The children were not used to the Afrikaans used: it was very weakly translated.

The manner in which the CTA questions were presented also scemed to pose a

problem for learncrs. Typical responses from tcachers were:

“All the questions were all quite wordy "

“You have to refer to three graphs and vou continually going backwards and
Jorwards. What tended to happen is the slower kids only looked at graph C.
because that was on the page that the question was on. The paper should have
been designed so that it was on facing pages”.

“Question 2 was poorly done. The internul resistance of batteries is matric work.
As far as they 've been taught, voltuge across a battery must alwavs be constant.
It was a very, very poorly put together question .
Some of the questions were regarded as being too vague and not specific cnough.

Responscs that supported this view were:

“I felt 3.1 (referring to Question 3.1 should have been broken down into sub-
questions. It was for 8 marks and theyv do break it down to some extent but again
Yyour top students are fine with it but vour slower students need to be asked things
much more specifically”.

It was also felt that certain abstract questions were not well suited for the average and

slower Grade 9 learner, as revealed by this teacher:

“This question was way too abstract for the average student (referring to Question
5). Generally our average to bottom students wrote close to nothing for it”.

Although the first activity given in Section A was not tested in CTA Section B, it was
based on Grade 11 work in which a certain formula was required to derive the

weight. The teacher said:

“l see the first activity is Grade 11 work because they want them to calculate the
weight using the mass and the gravity ™.

From an educational perspective, students cannot be given a problem without having
been introduced to the concept. Even those Grade 9 tcachers who were not familiar

with the Grade 11 work themselves had difficulty understanding the questions, and
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some nceded to consult with scnior teachers, as this teacher, who came from a well

resourced school, said:

“lts not easv, I don't think...It sets a high standard which is good but...we had to
do a lot of preparation. We had to go to our science teacher to ask for assistance
as well in some of the questions .

Therefore it is suggested that the CTA examination papers arrive at schools earlier in
the year, to cnable tcachers to become aware of the skills and concepts required and
nccessary for Grade 9 learners before they enter the FET (Further Education and

Training) phase.

Studies have shown that prospective teachers are not nccessarily familiar with certain
process skills and that they need time and support to be able to grasp these themselves

before teaching them to learners (Sadeck & Scholtz, 2003; White, 2003).

The above teacher’s response and the responscs of others have implied the need to be
given sufficient time to tcach the skills that are necessary for answering Section B.
This finding supported a suggestion made by an article in 2002 in which two schools
trialled the CTA for the Human and Social Scicnces Learning Area of C2005 (Wilmot
2003). The article contained cvidence which suggested that crcative and systemic
curriculum innovation, in this case the performance based tasks, required considerablec
time and effort which created pressure for busy teachers, even in resource-rich schools

with small sizes.

Certain questions were referred to as being ambiguous; for example item 2.6:

“The word ‘matter’ is a very ambiguous one. It could rather have been written as
- What is the question that they are trying to answer?. But the 'matter’ - most kids
look at matter as being physical matter rather than an abstract thing so that was a
problem for some of them just understanding what they were talking about”.

“I thought that 3.2 overlapped quite a lot with 3.1...uhm...that there was a bit of
ambiguity”.

Once again, the instrument, presented problems, which had a negative affect on the

learners answering correctly.
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(ii)

Analysis of interview responses pertaining to the CTA question paper
itself

[ have analyzed the learners’ and teachers’ combined responses during the interviews

in relation to the ten criteria for evaluating the quality of an achievement test specificd

by Ebel (1972:359-360), together with three additional criteria appearing in the RNCS
(2002¢:79):-

(a)

(b)

(c)

Fairness — Scveral reasons suggested that the CTA test might have been partly
“unfair”. These were: the complexity in the language used - especially for the
Xhosa-speaking Icarners; and the incorrect grammatical translation of the CTA
into Afrikaans. The usc of concepts that were not normally taught in Grade 9
(e.g. voltage. resistance) might also have contributed to the unfairness of the
test. Also contextualized questions disadvantaged many learners becausc they
were not familiar with the style of questioning; too much reading created a
problem for lcarners who uscd English as their second language and the

weaker learners, which were revealed in the interviews.

Limited time was definitely a factor that could be attributed towards the CTA
test being “unfair”, since tcachers said they were not given the opportunity to
teach the pre-requisite Section A thoroughly cnough, with no time for
consolidation. This meant that formative assessment was done inadcquately
becausc learners rcceived no feedback with regard to their performance on
Section A. With regard to the ‘speediness’ of the CTA, the time allocated for
completion of the test might have been too short because 8% learners appcared

to run out of time.

The CTA lacked objectivity to a certain cxtent since the words used in certain
qucstions in the test were reported by several teachers and learners to be
somewhat vague and were not specific cnough for the average Grade 9 learner.

There was also a tracc of ambiguity in the wording of certain items.

During the interviews it became apparent from the responses that certain items

in the test discriminated between learners of higher and lower achicvement
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(e)

and seemed to advantage the above average learncr.  Also they may have

disadvantaged the learners who came from a non-English background.

Some responscs obtained during the interviews conducted with particular
lcarners and a teacher made positive reference to the perceived ‘relevance’ ot
the CTA. Relevance is regarded as one of the key aspects of quality in a test.
The criterion of “relevance” is not intended to guarantee high-quality items:
only to increase the probability that the items included in the test will provide

tasks appropriatc to the purposc of the test (Ebel, 1972: 364).

It seemed that the critcrion of rclevance had been met to a certain extent with
regard to the Natural Scicnce CTA. Tasks relating to certain questions in
Section A of the CTA were issued to learners to do in order to bridge and
allow them to attempt particular questions in Scction B. However, whether or

not it was done thoroughly should be further investigated.

Certain process skills like: ‘communicating scicnce information,” ‘recalling
meaningful information’, decision making’, ‘interpreting information’,
‘inferring’, ‘planning science investigations (identifying variables)’, ‘raising
questions about a situation’, ‘problem solving’, ‘applying knowledge’, and
‘justifying an argument’ are all skills that were identified as relevant through
reaching consensus with experienced teachers and a subject advisor, as

mentioned carlier in the previous chapter.

References to “real life situations” emerged during the interviews with learners
and tcachers. The goal of the criterion of rclevance suggested by Ebel
(1972:364) was to provide an answer to the question, “Does an item like this
belong in a test intended to serve this particular purposc in this particular sct of
circumstances?”  This goal is not concerned with such things as item
difficulty, possible ambiguity, grammatical flaws, semantic weaknesses or anv
other characteristics that might affect the discriminating power of the item but
which do not affect its intent. If the intention of the CTA was to create an
opportunity for learners to experience a variety of skills, knowledge, attitudes

and valucs (SKAV) as emphasized by the Western Cape Education
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(h)

(1)

()

Department (DoE, 2002c¢:3) as requirements for the General Education and

Training Certificate (GETC), then it has met these criteria.

Using the CTA test total scores of 1572 lcarners, the computed Cronbach
alpha reliability coefficient of the CTA in the main study (Phase II) was found

tobe a=0.91. This is a very acceptable valuc.

It scemed that the CTA had a fair degree of “efficiency” since provision was
made for analytic and partial-credit scoring, not just all-or-none scoring in its

usc of student’s time.

Since the CTA tested mainly process skills and LOs, it can be said that the
CTA was fairly balanced in that most of the categories mentioned in the

RNCS were tested, as will be discussed later (Rescarch sub-question no.4).

According to Ebel (1972), if a test item has a score below 30% then it is
regarded as too hard, but if it has a scorc above 70% then it can be regarded as
too casy. Of the 25 items tested, ninc had a mean score below 30% but nonc of
the items scored above 70%. For example, the following items could have been
too difficult for a Grade 9 lcarner: item 2.1 had a mean score of 12% and 4.1(b)
had a mean score of 25%. The test revealed that a few items seemed to be too
difficult for the learners but thc majority of items seemed to be satisfactory in
terms of difficulty. However, the majority of learners interviewed scemed to
have found the CTAs different and of a higher standard to that of classroom
work (which made it difficult to understand) (see page 158). According to the
‘Declaration of the framework for the assessment and promotion of learners in
Grade 9...” (Government Gazette No. 25699), the descriptor code for “partially
achieved” 1s 35%-39% and 1-34% for *“‘not achieved” (DoE 2003¢:9). In this
instance, the mean score for leamners’ overall performance was 38.3% which

meant that the learners had an average rating of “partially achieved”.

Although specificity was not used practically as a basis for judging the quality
of the CTA test, it could be argued that the test did have a certain degree of

specificity since it required learners to complete Section A before they could
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(k)

o)

(m)

(n)

attempt the test in Scction B. It would seem unlikely that any novice who did
not have any knowledge of the field covered by the test would be able to have

attained the acceptable level of achicvement.

During the interviews it seemed that the criterion of “strengthening the
capacity for school-based continuous assessment” statcd in RNCS (DoE
2002c:79), was not satisfactorily met duc to limited time. Continuous
asscssment was described as that which covered all the OBE cducational
assessment. However it scemed that the assurances of supporting “the
growth” of learners, supplying “feedback from learning and teaching”
and providing “feedback from learning and teaching” (DoE, 2002¢:78) did
not occur because the tcachers were not given sufficient time for proper
teaching, learning and formative assessment, which were crucial. Many
interviewed tcachers revealed that insufficient time had resulted in poor
consolidation of work which mecant that little or no formative assessment had

taken place.

With regard to ensuring consistency in teacher judgements, this was
reported to be partially achicved. The argument for it being partially achieved
was based on the fact that standard assessment critcria were issued to all
teachers to use. Contrary to this argument was the “mismatch between policy
intention and policy practice” Sayed (2002:29); which was stated by one
teacher:

“...if vou are going to ask for that sort of consistency in vour answers you

also have to have the same sort of consistency in your syllabus in terms of

detailing exactly what must be taught. You can't have the svilabus open-
ended but have your answers very restricted”.

One of the purposes of the CTA - to promote a common standard -
appcared to have been an unlikely achievement judging from the huge
performance gap between the lower SES schools and the higher SES schools

(Figurc 4.20).

Attempted efforts were made in Section A to ensure expanded opportunitics
for learners by asscssing them on different tasks but whether thesc

subsequently materialized has not been investigated during the intervicws.
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The above criteria, taken from Ebel (1972) and RNCS (DoE, 2002c¢), was not as
specific as the Australian criteria (page 62). For cxample: the Australian criteria
included “degrcc of ambiguity” and ‘“‘emphasis on prior knowledge™- which
were not clearly cvident in Ebel and the RNCS. This needs to be addressed and
be brought to the attention of all examiners, especially if prior knowledge has
been taken for granted and not emphasized enough. The criteria of any
standardized test (in the RNCS) should be clear so that forms of ambiguity,

which can be a disadvantage to learners, as mentioned, can be avoided.

4.5 Content of the CTA

Rescarch sub-question No.3c asked:

“To what extent did the CTA cover process skills, Learning Qutcomes and
Assessment Standards?”

To determinc to what extent the attainment of each Learning Outcome had been
applicd in the construction of the CTA questions, a group of qualified teachers
rcached consensus after matching each item with a Learning Outcome (sec Appendix
2). All three Learning Outcomes werc covered by the various items. Of the 25 items,
64% were identified as testing Learning Outcome 1 (Scientific Investigations); 92%
tested Learning Outcome 2 (Constructing Scientific Knowledge) and 24% tested
Lecarning Outcome 3 (Science, Socicty and the Environment). It was evident that each

*Learning Outcome” had been tested.

It was found that Learning Outcome 2 had been tested to a greater extent than the
other two. A learner’s competence in LO2 can be scen in the ability to collect
information from various sources, and to organize and analyze the information. Each
lcarner was building a framcwork of knowledge by using scientific concepts

repeatedly in a widening range of situations.

Building this competence involved process skills such as interpreting information by
interrogating pictures and diagrams, transforming information from one form to
another (c.g. from text to a graph or vice versa), looking for patterns in data, or

expressing a relationship between two variables. It appeared from the results and
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responses obtained from learners and teachers that many learners had difficulty in
achicving the Assessment Standard of this particular Learning Outcome. By
definition, the Asscssment Standards describe the levels at which lcarners should
demonstrate  their achievement of the Lcamning Outcomes and the ways of
demonstrating their achievement (DoE, 2003a). The other process skills identified in
the CTA were: ‘decision making’, ‘recalling meaningful information’.
‘communicating scicnce information’, ‘observing and comparing’, ‘planning science
investigations’ (describing and controlling variables), ‘raising questions about a
situation’, ‘problem solving’, ‘applying knowledge’ and ‘justifying an argument’. It

seems that a wide varicty of process skills were tested in the CTA.

The Assessment Standards that were identified according to the Learning Outcomes
were the following: 9.1.1 (Plans investigations); 9.1.2 (Conducts investigations and
collects data); 9.1.3 (Evaluates data and communicates findings); 9.2.1 (Recalls
meaningful information); 9.2.3 (Interprets information); 9.2.4 (Applies knowledge):
9.3.1 (Understands science as a human endeavour) and 9.3.2 (Understands the
sustainable use of the earth’s resources) (see Appendix 2). The Asscssment Standards
were numbered for convenient reference.  The first digit signified the grade; the
second digit signified the “lcarning outcome™ and the third digit significd the
individual Assessment Standard. Teachers were asked to use this system for their
planning and reccording since the WCED had adopted it for purposes of clarity and
uniformity (WCED, 2005:14). After reaching collegial consensus in classifying the
Assessment Standards as mentioned earlier, I counted the number of times ecach

Assessment Standard had appeared.

Table 4.6 presents the Assessment Standards and the number of times they

appcared in the CTA examination paper.
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Table 4.6: Assessment  Standards and the
frequency with which they appeared in the
2004 Grade 9 CTA in Natural Science
(Section B)

Assessment Standard Number of times the AS
(AS) appeared in the CTA
examination
9.1.1 3
9.1.2
913 7
9.2.1 7
923 17
924 7
93.1 1
932 4

“Interpreting information” (9.2.3) was an Asscssment Standard that scemed to have
occurred the most. It dealt with interpreting information by translating line graphs
into text descriptions and vice versa; by cxtrapolating from patterns in tables and
graphs to predict how one variable will change; and by identifying relationships
between variables from tables and graphs of data (WCED 2005:18). It scemed that all
the Assessment Standards were applied in the CTA except for 9.2.2 (categorising
information) which was not identified. The balance of process skills, Learning
Outcomes and Assessment Standards in this CTA cannot be criticised since each

category has been sufficiently covered.

4.6  CTA performance scores and socio-economic background
(High, medium and low socio-cconomic status schools and total performance CTA
scorce.)

Research sub-question No.4a asked:

“When the 12 sampled schools were grouped into four bands according to
SES (three highest SES, three second-highest SES, three third highest SES
and three lowest SES), did the levels of the 12 CTA average scores
(totalled out of 80) correspond uniquely with each of the four bands?”

Table 4.7 presents the mean CTA scores for the different type of schools grouped

together according to different socio-cconomic background and school fees.
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Table 4.7:  Presentation of the CTA achievements of the different types of schools
according to their school fees and SES
School SES Annual school fee Mecan score Number of
(rands) (out of 80) learners (% of
(%) grade level tested)
BLUE High R10 000-R15 000 45,49 (56%) 51 (41%)
RED High R10 000-R15 600 56.34 (70%) 150 (96%)
PINK High R10 000-R15:600 35.24 (44%) 178(93%)
PLUM Medium R7 000-R9 000 39.99 (50%) 129 (65%)
GRAPE Medium R7 000-R9 000 36.39 (45%) 96(84%)
APPLE Medium R7 000-R9 000 41.10 (51%) 230 (82%)
BETA Normal R4 000-R6 000 30.31 (41%) 101 (73%)
ALPHA Normal R4 000-R6 000 31.58 (40%) 72 (82%)
GAMMA Normal R4 000-R6 000 33.64 (43%) 152(67%)
MARS Low RO-R1000 9.26 (11%) 100 (80%)
VENUS Low RO-R1000 15.76 (20%) 122 (65%)
NEPTUNE Low RO-R1000 9.97 (13%) 240 (92%)

The pertinent schools were ranked in status according to their annual school fees.
From the above results (Table 4.7), it is interesting to sec that the schools from similar
socio-cconomic backgrounds produced more or less similar CTA mecan scorcs.
However, the results also showed that school PINK in the highest SES bracke:
uncxpectedly attained a lower CTA mean score than three schools with a lower SES
bracket (i.e. 2" level medium SES). Possibly this could be due to many factors other
than the SES of the particular school. After interviewing the relevant Grade 9 class
tcacher at school PINK, this is what she said: “Its not easv, I don't think.. It sets a high
standard which is good but...we had to do a lot of preparation. We had to go to our science teacher to
ask for assistance as well in some of the questions ™. 1t became apparent that she had very little
knowledge about the content of certain Grade 9 CTA science tasks herself and shc
required assistance which, she thought, took up a lot of her time. These could be
rcgarded as local classroom lcvel factors which may have influenced the learners’
performance, over and above that of the SES of the school. Teachers’ proficiency and
content knowledge have becn identified as factors that have an effect on learners’

‘success (Laugksch et al., 2005).
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With the exception of ene school, due to other factors besides SES, the mean C'1'A
scores of the tour different groups of schools, arranged according to their SES bands,

decreascd fromn the highest SES schools to the lowest SES schools.

In the light of the learning theory of social constructivism which extends it theory 1o
an asscsament that should be fair to all leamers imespecnive of ther social status
(Black, 1999, it seems thar the Grade 9 Natural Science CTA. has refuled this claim,
Although this study has not only Locosed on the lower achieving schools, enough
evidence of past rescarch has shown that schools of Jow SES  are reported to be
disadvantaged against these national assessment tasks (Boaler, 2003} Although the
CTA, is slightly different in that it provides leamers and leachers the opportunity (o
leamn the approprigic skills to be tested i Section B, by provading leamers and
teachers Scction A, ap cannot be regarded as an cxeeplion i terms of an cqual
opportunity for all leamers 1o achieve ¢ common slandard as expressed in the RNCS
{(2002¢). The social context of the school reveals in this stedy that the socip-economic
status of the various schools. which were grouped together based on school foes (with
the cxception of one), scored similar resulis according o the classified aroup. llence
the overall achievemenlt level of the schools was very much depended on the SES of

the school,

Rescarch sub-guestion No.4b asked:

“Were there significant differences between the mean total CTA scicnce
scores of the four bands of 12 schools arouped according (o their SEST™

A wraphical presenration of the four total mean scores of these government schools.
erouped in threes according to their SES. 15 shown in Figore 420

Fipure 4.20 displays a clear picture of the overall differences in performances of
bands of Jeamers (rom different SES backgrounds, The cxceptionally high I-ratio
shows that there was a highly significant difference in performance scores between
schools with dilferent SES levels. The mean CTA total score ol leamers from the low
SES level {12%) was well below the meun score obtained by the high SHS level
learners (43%0),  This was a disturbing outpul in terms ol “promoting a comnion
standard setting™, enmiphasiscd as one of the purposces of the CTA (DoE, 2002¢:79). It

seemed that the performance gap was not wide between the high SES level learners
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and the mediom SES level leamnoers, but 1l seemed that urgent imtervention measurcs
were needed for learners from the low SES level o reach 4 reasonable standard of

attaimumeni.

Figure 4.20: A araphical presentation of the CTA total mean scores of Grade Y
learners rouped according to their school™s SES.
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Figure 420 displays a clear picture ol the overall differcnces in performanees of
bands of learnces [tom different SES backerounds, The exceptionally high F-rauo
shows that there was a highly significant difforence in performance scorcs between
schouols with ditferent SES levels, The mean CTA total score of learners [rom the low
SES level (12%) was well below the mean score obtained by the high SES level
leamers (43%). This was a disturbing outputl in twerms ol “promotmg 4 commeon
standard setting™. emphasised as one of the purposes of the CTA (DoE. 2002¢:79). 1t
scemed {hat the perlommance gap was not wide between the high SES level learners
and the medium 5ES level learners. but 11 secemed that urgent intervention measures
were necded [or learners [rom the low SES level o reach a reasonable standard of

attaiumeni,

Other stodics on schoel effectivencss have shown that home backeround, socio-
cconoinic status (SES) or class can have a large effect on learners’ academic
performance (Laugksch er al, 2005). The current results seem o have corroborated

the findings of Riddel and MNvagura (1991) in which high student achicvement in
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Zimbabwe also corelated with the lvpe ol school atended.  They also found that
variations in student achievenient were due 1o the schools’ [ailure 1o control the
selections of students on the basis ol prior academic achievement, The learners™ prior
achievements were not asked lor. but their SES was inferred from the school fees.
Unfortunately no private schools wrote the CTAs  lad they done so, the currently

eported findings could have been cven more interesting)!

The tindings in the current study alse corresponded 10 those in Rowan (1999), cited
Porter and Smathson (2001:63). They [ound thal, lor many schools i thair satple,
“prior achievement and SES accounted for as much as cighty percent of the variance
in mcan achicvement among classrooms™, Although | did net investigate other factors
that might contribute to the low achicvement in schanls, it was interesting Lo note that
Riddel and Nyagura (1991} also found that students” perlormances i Zimbabwe were
higher in one school when there was a greater availability of extbooks and when there
was a larger proportion ol trained teachers and teachers who had taught at that school

tor longer periods of tine,

Another factor identified in the South African literature as onc contributing to the poor
achievement in low SES (level 4) schools has been the ditficulty n attracting good
teachers to far outlying areas {Rademeyer. 2006). These are influences that could be
investigaled further. | have assumed that the majonty ol learners attending the local
schools m the Western Cape were there mainly because of their parents” tfinancial
circumstances and that the learpers attending schools in level 4 were from low socio-

gconomic backgrounds.

There appears to be a delimite need for coneern lor those schools ranked the lowest in
achicvement hinked to thelr low level of SES. These findings conrespond with those
of Inal {2002} whe found that Cape Town science learners attending schools tfrom a
lower SES achieved sigmficantly bebow all the other schools of agher SES. The fact
that the learners did nor have English as their home language could also be a factor
that contnbuted to the poor performance ol some leamers n the 2004 Natural Science

CTA,
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Although there was a distinet pattern in the performances of the total mean CTA
seores of learners which decreased from the highest level SES schools fo the lowest
level SES schools. there were a few exceplions Lo this pattern with regard 1o certain
individual test items.

Research sub-gquestion No.de asked:

“Did the high level SES schools perform better than the lower level SES
schools on all 25 items in section B of the 2004 CTA examination in
Natural Science?”

The answer to this queston is “No™. Performiances by all SES bands of learners were

comparable o each other on elghl ol the mdwadual CTA estitems.

Ficure 4.21: A graphical presentation of the lower level SES schools {N-level)
outperforming the higher level SES schools (H-level, M-level) on
item 2.3
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Figure 4.21 is an example of a different kind of pattern of CTA performance means
compared to the pauern depicled wn Figure 4200 The dechming graphical pattern
presented n Figure 420 - where the graph deercased trom the highest SES (o the
lowest SES - was not necessarily common. It was not found [or items 1.1, 1,4, 2.3,
24,27 28, 32 and 4.2{a) bul 1t did oeeur Toritems 1.2, 1.3, 2.2, 2.5, 2.6 29, 3,1,
33,34 4 1a) 4.1y 40{e), £.2¢by1, 4.2(b)2, 4.2(b)3 and 5 (scc Appendix 7, with
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statistically significant p-values of less than 0.01. The p-value for item 2.1 was not

significant.

It was concluded that SES level was a predictor of academic performance score on
sixteen out of the 25 individual CTA items. It was intercsting to note the naturce of the
items in terms of cognitive competence levels and whether there were any outstanding
differences. The items that displayed a declining graph from high to low SES included
only 6.4% of lower level simple cognitive competences, 44.4% middle level complex
cognitive competences and 7.9% of higher level advanced cognitive compctences (see
Table 4.8). The other items that did not comply with the trend in the above graph, i.c.
declining SES, included 7.9% of lower level simple cognitive competences, 27,0% of
middle level complex cognitive competences and 6.4% of higher level advanced
cognitive compctences. Although the differences between the lower level simple
cognitive competences and the higher level advanced cognitive competences between
the different groups of the above items were very small, i.e. difference of 1.6% each,
the differences between the middle level complex cognitive competences of the
different groups of items were large, i.c. 17.5% in favour of the group of items that
presented a graph which showed a decline in the SES of schools. This means that
findings for the majority of items (17 items) showed that learners from lower SES
schools generally struggled with their performances on most of the items in the CTA
which involved skills classified mainly under middle complex cognitive competences.
These were: communicating scicnce information, decision making, interpreting
information, planning science investigations which included identifying variables,
evaluating data and the application of knowledge. It was not the aim of the present
study to find the reasons why low SES underperformed in these skills and level of
competences. However, past studies have also found that learners from low SES

schools under-performed on contextualized tasks (Cooper & Dunne, 1998).

Table 4.8 Levels of competences identified in Section B of the 2004 Natural

Science CTA

Decrease in graph from highest | No pattern of a decline in SES

SES to lowest SES
Lower level simple cognitive 6.4% 7.9%,
competences
Middle level complex cognitive 44.4% 27,0%
competences
Higher level advanced cognitive 8,0% 6.4%
competences.
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4.7 CTA performance scores with regard to gender

Research sub-question No.5a asked:

“Was there a significant difference between the total achievement score totals
of the 912 females and the 660 males on the 2004 Grade 9 Natural Science
CTA?”

Table 4.9 presents the mean scorcs of the learners according to gender.

Table 4.9: Learners’ total performance on the CTA according to
gender
Gender Mean score out of 80 (%) Number of learncrs
Female 33.1 (41.4%) 912
Male 27.0 (33.8%) 660

F=477,p<0.01**

There was an astonishingly highly significant difference of 7.6% between the
performances of males and females, with a very high F-ratio of 47.7, indicating that
the females seemed to be far better at expressing themselves correctly, since the CTA
questions werc gencrally not very direct in nature and required learners to express
themselves more. These explanations are supported by past studies by Perry and
Fleisch (2006) who bclicved that girls had better communication skills than boys.
These findings were somewhat contrary to the findings of Inal (2002) in his study of’
ten brief core practical task items which cncouraged and measured various
manipulative science process skills laid out in the Revised National Curriculum
Statement (DoE, 2002¢:20). He found that there were no significant diffcrence
between the total achievement scores of the males and females on his practical
performance tasks. Could the difference in findings be attributed to the fact that a
large part of the Natural Science CTA 2004 requircd lcarners to interpret
contextualized texts that required a lot of reading to express them more clearly? This
would have required more higher order skills like problem solving, drawing
conclusions and decision making after reading a text, compared to the more technical.
manipulative practical approach of Inal (2002) — which encouraged the practice of
simpler and less sophisticated skills. This does not nccessarily mean that the females

were performing better than the males in higher competence level skills, but it seems
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that females were better at comprehending and translating text. For example, in CTA
Question 5 learners had to explain the link between the influence of the low rainfall on
the bird population, as well as its influence on the whole ecosystem, which involved
interpreting information and communicating science information which are middlc
level cognitive competences. The different context in which the CTA was sct
presented questions which expected leamers to be able to read the text, interpret the
text and respond to questions that required a fair amount of comprchension skills.
These types of questions created the gender bias, since it is believed that females have
better communication skills (Elwood & Comber, 1996; Howie, 2001; Perry & Fleisch,
2006).

Research sub-question No.5b asked:

“Were there significant differences between the achievement scores
of the 912 females and the 660 males on each one of the 25 items of
the Grade 9 Natural Science 2004 CTA?”

Table 4.10 presents the mean scores on individual items of Grade 9 learners grouped

according to gender.
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Table 4.10: Comparisons of the achievement scores of males and
females on individual items (n=912)

Item no. Female Male F - ratio p — value
(n=912) (n=660)
Mean (%) Mean (%)
1.1 1.91 1.80 2.50 0.FINS.
1.2 1.24 1.13 4.24 0.04*
1.3 1.24 1.13 6.79 0.009**
1.4 2.87 2.39 39.17 0.000%*
2.1 0.12 0.12 0.01 0.92
22 0.31 0.23 12.33 0.001**
2.3 0.78 0.76 0.34 0.56 N.S.
24 0.54 0.52 1.08 0.30N.S.
25 0.16 0.10 9.57 0.002**
2.6 0.43 0.25 25.56 0.000**
27 0.97 0.83 6.41 0.012*
2.8 1.21 0.93 20.97 0.000**
2.9 1.21 0.87 56.36 0.000**
3.1 3.75 2.92 39.17 0.000**
32 1.84 1.73 2.98 0.084 N.S.
33 1.60 1.26 35.79 0.000**
34 2.83 2.36 32.16 0.000**
4.1(a) 2.12 1.79 21.63 0.000**
4.1(b) 1.14 0.82 15.03 0.000**
4.1(c) 0.43 0.33 8.36 0.04*
4.2 (a) 1.68 1.45 9.11 0.003**
4.2 (b)l 1.16 1.00 13.20 0.000**
4.2 (b)2 1.06 0.86 19.56 0.000**
4.2 (b)3 0.46 0.37 12.51 0.000**
5 2.05 1.29 80.34 0.000**
* p<0.05 ** p<0.01 N.S. = no significant difference

The results in Table 4.9 indicate that there were many highly significant differences in
achicvement between males and females. The females attained a significantly better
mcan scorc than the males on 20 of the 25 items. However, when an analysis of the
difference in achicvement scores between males and females was done according to
the SES of the school, significant gender differences in favour of the boys appeared

among only the highest level of SES schools (H-level), except for item 2.6 which
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showed a sigmificant difference between males and females in the N — level schools
{sccond-lowest SES). Tt seemed (hat the males and females from the lower SES
schools scored comparably in cach individual ttem. The males scored higher in the
highest SES level on items 1.1. 2.1, 2.4, 2.7, 3.2, 4. 1i¢) and 4 2{a). The females

scored higher in the 11— level onitems 1,3, 2.9, and 3.4, Sce Figure 4.22.

It 15 mieresting to note Lhat the high SES females scored hetter on process skills like
“dectsion making”, “drawing conclusions™ and “justifying an argument” whereas high
SES males scored better in constructing a circuit diagram, idenlifying varables,
applying knowledge {balancing chemical cquations) and translating a graph into a
table. These findings (of the high SES) - on gender differences in performance on
particular questions - are very interesting since factors that could have influenced their
pertormances, like class size appeared o have had no influence on the performance
diftercnces and thus the argument that females are betler in cxpressing themselves in
writing is very strong in this study. Earlier research also revealed that boys tended to
outperform girls in the physics section of scicnce which imeluded identifying variables

and interpreting a cirguit diagram (Bennett, 2003, Levinson, 19947

Vygolsky's (1972) theory which emphasizes the link between social influgnces and
the developmient of a learner has been claborated o learming as a social inleraction
and extended to the argument of Black (1999), who believes that any asscssment fask

hus 1o be T for all leamers, short of bias

Figure 4.22: A graphical presentation of male (n=060% and female (n= 912)
scores for item 2.9, grouped according to four levels of SES
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From the graph depicted in Figure 4.22, it seems that the females from the H-level
schools (highest SESY performed better than the males on item 2.9. Learners were
required to draw conclusions by studying the CTA graph drawn and the given table.
The skills involved were ‘interpreling mfbrmation’ and ‘communicating science
information”, There was no significant gender difference in the performance on item
2.9 leamers [rom the other SES schools, e M-level, W-level and P-level SES schools.

More examples arc given in Appendix 6,

4.8 CTA performance scares with regard to home language grouping

Research sub-question No.6a asked:

“Were there significant ditferences among the total achievement scores
uf the Grade 9 Natural Science CTA between Xhosa -, Afrikaans - and
English-speiking learners?™

Table 4.11 presents the total mean scores of Grade 9 learners on the Natural Science

CTA when re- grouped according to home {anguage.

Table 4.11: Learners’ total performance scores on the CTA
when grouped according to home language

Language © Muan score [ MNumber ol learners
i out of B (%)
English T FELN TS 1013
Xhosa [ 36 (17%) 239
Afrikaans 23T (32 1%) 3L
F=224.K iR A1) Rk

Statistically there was a highly significant difference between the achievement scores
ol learmers when grouped according to their home language. Table 4.10 records that
the 1est discriminated against both Afrikaans and Xhosa learners.  According to the
descriptor codes (Tok. 2003a). only the English learners acheved and the Xhosa and
Afrikauns dud not achiewve. Earlier in this chapter the poor level of Enghish profciency
amonyg the English second language participants was noted in their written responses
to questions and in their basic grammatical and language errors.  These hndings
correspond with those of Sadeck (1999) where learners also experienced difticulty in

cxplaining their ideas. Table 4,10 discloses that the Afrikaans-speaking leamers
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under-perlormed by 13.0%, and the Xhosa-speakers by 28 1% relabive 1o the Lnglish-
speakers on the CTA. These findings are evidence that Lhe design of the CTA
assessment tasks, which required reading, eould be comparcd to lleracy tasks - as
argued by Bansilal (2008) - because the manner in which they were presented was
highly contextualized. This may have disadvantaged many English sceond language
participants, These arc some of the Enghish fivst language learners’ remarks that
substantiate the findings:

“They do fyte relate to e veal windd They wive examples in 4.1 Hans and
Saltv alsu ser (Question 4.f). Whereas in science we get meove a divoreed view of
things so Vou'd sav srethane oo was . 3 fornd B oguite reifating because ey
were anferfering and ey based om g srarvo b thiv medkes i diffioelt e
trcicrstand because oo much reading

Il these English first language learners found the text difficult. how would the other
learners have coped?  Also, the dircet and incorrect translation [rom English 1o
Afrikaans conlused Alnkaans speaking learners.  Some criticisms against the
translations were given in the above inferviews by a teacher and leamer,

Rescarch sub-question No.6b asked:

“Were there signilicant differences in academic achievement among
Xhaosa -, Afrikaans - and English — speaking learners on cach one
of the 25 individual items of the Grade 9 Natural Science 200477

Table 4.12 presents the mean performance scores of the Grade 9 leamers on

mdividual items. grouped according to home language.

The tindings presented in Table 412 ndicate that there were highly significant oroup
differcnces between Xhosa, Afrikaans and English lcamers on the mean scores for 23

ol the 24 1tems.
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Table 4.12: Comparisons of the achievement scores of Grade 9 learners
on individual itenss, with performances grovped according
to language

Tern mo, . English  Alrikasny | Xhosa ErUup F-value p-valug
2o Erougp Mean (")
Mean ("a)  Mean (%)
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fi (3 & 113 0.63 106 0,000+
1.2 134, 0o 0,53 3077 oonm
14 | s '_“é'_":-.}-::'c” 136 150,54 0000 :
71 0t (.16 0.13 307 oo
7.2 0L 017 013 ! T 33e ITIEE
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i3 0.15 012 007 T ERD | 0003t
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23 R ] 071 0.20 SA.63 0 001 *
. e R G 022 5.2 0000
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32 e |40 1.13 e | nouosE |
33 .U DRI 082 15646 0000 *
T4 2.5 I 25 | 41 K924 01,000 *
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A few noteworthy graphical presentations are presented below for selected items by

way of illustration,
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Figure 4.23:  Mean performance levels of Grade 9 learners on CTA item 3.4
{Wetlands) when groonped according to home language
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Figure 4.23 presents the mean scores of leamers for item 3.4 (Wetlands), when the

Afrikaans learners performed almost the same as the English and leamers, It also

shows that the Xhosa learners under-performed appreciably compared o the English-

and Alrikaans-speaking learmers,

Figure 4.24: Mean performange levels of Grade 9 learoers oo CTA item 3.3
(Wetlands) when grouped according (o home language
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Fieure 4.24 shows that both Afrikaans and Xhosa leamers petlormed poorly on 1lem

3.3 {Wetlands), In this item. learners had to decide on three steps that should be taken




Chaprer 4 - Results and Discussion 156

o solve the identified problent. Again, leamers had o express themselves clearly and

1L scemns that many learners who spoke English as their first language performed better

than kcamers who were Atrikaans- and Xhosa-speakmg.  Although the CTA was

translated o Afrikaans, the Afrikaans-speaking leamers under-perlfonmed hke the

Xhosa learners. Could 1t be because the CTA was not correet]y translated, or are there

other reasons? This could be investigated further it need be.

Figure 4.25:

Féaar oo on iom 2.9

Mean performance levels of Grade 9 learners on C'TA item 2.8
{clectricity) when grouped according to home language
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Figure 4,25 shows that most of the Xhosa leamers could not draw the strmght hne

graph required for the clectricity question.

Rescarch sub-question No.be asked:

“Were there signiticant ditfferences among Xhosa- | Afrikauns- and
English-speaking learners on the totat mean CTA score when sub-
srouped according to their SEST™

I was particularly interested to sec what cffieet. it any, the SES of the school might

have on the performance of English second language participants.

Table 4.13 presents the total mean scores on the CTA of the Grade 9 learners when

arouped according to both language and SES.
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Table4.13;  Comparisons of the total achievement scores on the CTA of Grade
9 learoers when grouped according to language and SES

Hame lanpuage - SES n | Mean CTA scare
 {outolSt)
English o 1 ild 43,36
M 445 3004
N 101 303
L ] 155 EE
Afrikaans M 124 3105
_ L a2 776
X hosa H |4 3571
. M I . 341
I, i 215 L1332

F=f.ibs, p < .00+

As might be expeeled. English sccond language participants at higher SHS schools
achieved significantly higher scores than those English sccond language participants
who atiend lower SES schools. These findings corroborate the Mndings of Inal (2002),
where English second language participants at high schools situated in privileped
arcas achicved significantly higher scores than those who attended schools situated m
underprivileged arcas (townships). The English second language participants from the
highest SES schools (mean score — 35.21) achieved shightly higher scores compared 10
the English first language participants from lower SES schools - N level (ie. mean
score = 30.31), but they achieved 4 sigmilicantly higher score compared to English
first language partwipants from the lowest SES schaol — L level (mean score = 13.51).
It scems that Eaglish second language participants trom high socio-ceonommie status
schools alse aftained better mean scores than English [irst langoage participants from
a lower SES (N and T levels). O particular interest was the tinding that the weakest
under-perfonmers were the learners in the Afrikaans low SES groupimg. so they were

the ones who would require the most remedial attention.

These results are particularly ntercsting since they appear to show a distinet
relationship between home language and the SES level of the school in this particular
study.  However, these results should be interpreted cautiously. since the number of
English sceond langusge patticipants was net very many and only one other study, n
South Africa, was found that supported these resolts. Nevertheless, they suppord
cerlain aspects or considerations of the theory of social constructivism by Vypotsky
(1978) und Black™s (1999) vicw of assessment in terms of the theory — e Jeaming 15

a social interaction, and that leamers arc atfected by soctal mfluenees and context in
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which learning ocours. This suggests that the learning cnvironment had a positive

affect on leamers irrespective of whether or not English was their second language.

Research sub-question No. Ta asked:

“Were there significant dilferences hetween males and females on
the total achievement scores of the Grade 9 Natural Science CTA
204 when sub-grouped according to language?™

The statistical analysis showed that there were no significant dillerences on the total
achievement scores belween males and females when sub-grouped according o

language, as shown in Figure 4.26.

Ficure 4.26: Learners” mean total performance seores on the CTA out of 80
when sub-grouped according to langoage and gender
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Research sub-question No.7b asked:

“Were there significant differences between males and females on I
euch one of the 25 individual items of the Grade 9 Natural Science |
C'TA 2004 when sub-grouped according to language?”

The stahistical analyses indicated that there were no significant diftcrences between
the mules and [emales when sub-crouped according to their home langeage, Although

item 2.9 {electricity) did show a significant ditference of p—0.006, this result might be
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regarded as spurious since onc item out of 25 can be expected to be significant purely

due to chance at the p=0.05 level of significance, as a general statistical principle.

4.9  Summary of discussions: concluding overview

From the analysis of 1572 learners’ results it was found that the majority of lcarners
failed to attain the pre-specificd acceptable levels. Of the 25 science CTA items
tested, acceptable levels of achievement were attained on only nine items. The most
prominent items in which learners secemed not to have performed well were based on

the process skills: ‘identifying variables’ and ‘interpreting graphs’.

After studying the scripts of learners, it became apparent that the possible aspects that
may have impacted on the low performances of learners were misconceptions,
misinterpretations, lack of prior knowledge, language and comprchension skills and
graphing skills. Many of the identified misconceptions seem to have originated from a
lack of conceptual understanding of the symbolic representations of circuit diagrams.
Some lcarners belicved that drawing pictures of the apparatus used in an experiment
(the ammeter, battery, wires ctc.) could be represented as a circuit diagram — not
rcalizing that each electrical part had a symbol representing it. A common
misconception was representing one cell as a battery instead of two. These identified
possible misconceptions have been reported in other research literature both nationally

and internationally.

Another misconception that emerged was that the belief by some learners that the
formula of a substance can be changed. For examplc, many learners falscly belicved

the water molecule H, O, could be written as H, O,. According to the “law of

definite proportions™ this is not allowed, since each substance has its own standard
formula that cannot be changed, as has been discussed earlier in the chapter (Question
4). Although the skill of interpreting diagrams and converting them into formulac
were tested in the CTA, but not the content and principles of chemistry, this
misconception is worth taking notc of for the tcaching and learning of chemical

formulae.
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It was difficult to regard certain incorrect answers as misconceptions since some of
the answers scemed to occur as a result of misinterpretation and some answers were
the result of poor “prior knowledge”. In particular, the Icarners who spoke English as
their sccond language scemed to have had problems, since the questions were not
straightforward and rcquired a certain amount of interpretation, and the learners

nceded to express themselves clearly.

The most prominent requirement that scemed to have had an impact on lecarners’
inadequatc performances was the skill of interpreting diagrams, text, tables and
graphs. It seems that most learners had difficulty in interpreting and translating the
line graphs into text but found the bar graphs easier to interpret. Reading off decimal
numbers from the graph and converting the data into table form also appearcd to be
problematic for learners. Incorrect labelling and choice of graphical representation
also seemed to have been common in the learners” responses. Closely related to this
was the higher integrated skill of “identifying variables”, which many leamners
appeared not to have accomplished. This was reported in other studies as well
Converting diagrams, and representing atoms into formulac were also performed

inadequately by most lcarners.

The lack of “prior knowledge”, which has been identificd as an Assessment Standard
in LO2, can also be scen as an aspect that contributed to the learners’ under-
performance. This could be the result of “poor formative assessment” since learners
should have been familiar with certain concepts like ‘identifying variables’ and
‘balancing chemical formula’, given the fact that they were supposed to have been
taught in Section A, which did not nccessarily occur in some classes because of
limited time. The under-performances of learners could most likely be attributed to
the “poor assessment” stratcgies uscd by teachers. These may need to be investigated

further, since this cause for concern has not been analysed in this particular study.

After the learners and tecachers were interviewed, shortcomings were identified with
regard to the wording and composition of each item; clarity; length; layout; degree of
abstraction; ambiguity; appropriateness for RCNS and diagrammatic reprcsentation.
Firstly, there was too little time for scction A to have been taught thoroughly. Certain

concepts like “voltage” and “‘current” scemed to be unfamiliar to some learners. The
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skill in translating the visual representation of formulae into symbols was reported to
be very helpful but was criticised as Grade 12 work and not suitable for Grade 9.
Although, 1t could be argued that the skill was being tested, and not the content, it was
difficult for teachers to separate the two. It also appcared that there was not enough
time for some learners to complete the CTA, since some of the questions required a

lot of thinking and lcarners were not very familiar with the type of questioning.

Ambiguity was identificd as an aspect of certain questions in the CTA which could
have possibly resulted in some confusion for the learners. It was also stated that the
language used was difficult for learmers who spoke English as a sccond language. In
some respects the manner in which the CTA was translated from English into
Afrikaans was seriously defective. Most of the interviewed learners who spoke
English as their sccond language said they preferred to have the CTA written in
English instead of in their mother tongue, despite the fact that they experienced
problems in interpretation. Furthermore, many of the interviewed lcarners felt that the
questions given in the CTA were very different from what they had been exposed to in
class work in terms of the language format, its vagueness and the fact that more

problem solving skills were required in the CTA.

The science teachers said they felt that, in principle, the CTA as an educational idea
should continue but that it should be given earlier in the year, and that preliminary
proof-reading of items should be done by specialists to avoid certain errors. It was
also revealed that there should be consistency in the syllabus if consistency was
required in the learners’ answers. This meant that teachers would need to be given
more specific guidelines as to what is expected from them in future in terms of
tcaching and learning. It also appeared from the interviews that the test discriminated

against the below average learncr and against learners with non-English backgrounds.

The CTA covered all three Learning Outcomes, Assessment Standards and certain
process skills. It appcared that LO2 has been tested to a greater extent than LO1 and
LO3. LO2 (constructing scicntific knowledge) states that the learner will know and
be able to interpret and apply scientific, technological and environmental knowledge
if the learncr is able to categorisc information, recall information and interpret

information (WCED, 2005; DoE, 2002a). The latter two process skills were prevalent
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in the test.  The main process skills tested were: decision making, recalling
meaningful information, communicating science information, obscrving and
comparing, planning science investigations (describing and controlling variables),
raising questions about a situation, problem solving, applying knowledge and

justifying an argument and interpreting information.

When the schools were ranked according to the annual school fees, it appeared from
the results that schools from similar socio-cconomic backgrounds produced more or
less similar CTA mean scores in science. However, it was also found that one school
in the highest SES level attained a lower CTA mean score than three other schools
with a lower level SES. This could possibly have been duce to factors other than the
SES of the particular school. In this study, other suspected factors were not directly

investigated.

There were significant difterences among the mean scores between the schools from
different levels of SES, and it was found that the performance gap between the highest
and lowcst level SES schools were very big. There was a distinct pattern in
achievement levels from the highest SES to the lowest SES in the order: highest SES
> medium SES > normal SES > lowest SES. This pattern was evident for 16 of the 25
items on the CTA. The link between the level of cognitive competence and different

SES schools seemed quite cvident.

There was a highly significant difference between the performances of males and
females in the total score of the Science CTA, where females performed better than
malcs. This seemed to indicate that females were possibly better in expressing
themsclves than males since the CTA questions were not very straightforward in
nature, and they requircd learners to express themselves more comprchensively. For

most of the items tested, females outsmarted the males.

There were highly significant performance differences between males and females in
20 out of 25 CTA items in which the females attained the better mean scores. Highly
significant differences between males and females appeared among only the highest
level of SES schools. It appearcd that the females scored better on science process

skills like ‘decision making’, ‘drawing conclusions’ and ‘justifying an argument’
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whercas males scored better in ‘constructing and interpreting diagrams’, ‘identifying
variables’, ‘applying knowledge’ (balancing equations) and ‘translating a graph into a

table’.

The results also indicated that home language was a clear factor that scemed to bear
on the learners’ performances in the Science CTA. The test appeared to have
discriminated against Xhosa learners and this was especially evident in their written
responses to questions and basic grammatical language crrors. There were also highly
significant differences betwcen Xhosa, Afrikaans and English learners on the mean
scores of 24 of the 25 items. In the majority of items, English learners performed

better than Xhosa and Afrikaans lecarners.

English sccond language participants at higher level SES schools achieved
significantly higher scores than those English second language participants who
attended lower level SES schools. It also appeared that the English second language
participants from the highest SES schools achieved slightly higher scores compared to
the English first language participants from lower SES schools but achicved a
significantly higher score compared to English first language participants from the

lowest SES schools.

Finally, there were no significant differences between males and females on the total
achicvement scores and on cach individual CTA item when they were sub-grouped

according to their home language.

4.10 Final Analysis of results

With Vygotsky’s (1978) thcory of social constructivism in mind, any form of
assessment and lcarning is strongly related to the social context that it takes place in
and the discourse within the learning environment. Therefore there is a strong link
between the assessment used and the outcomes. With this in mind, it has been argued
that assessment should be carefully implemented to avoid any form of bias pertaining

to gender, social, ethnic and linguistic groups (Black, 1999).
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From the analysis of the teachers’ and learncrs’ responses, it is apparent that the
implementation of the CTA had many shortcomings which were propelled by social
influences and by instrumental design. The link between social constructivism and
assessment, as described by Black (1998) and Shepard (2000), supports this view.
Social constructivism perceives learning closcly related to social influences.  This
means that the “learners’ responsc will be sensitive to the language and social context
of any communication” (Black, 1999: 123). In this case the CTA can be viewed as
the source of communication. In the light of this theory, it was necessary for this
study to borrow from Green and Naidoos’s (2006) framework and the four aspects of
the curriculum as defined by Mills and Treagust (2002), cited in Bansilal (2008), to

provide a full analysis.

Since scripts from Afrikaans, English and Xhosa lcarncrs were analyzed, language
and the design of the instrument (CTA, Section B) has been a cause for concern.
Some learners who used English as a sccond language said they found the CTA
difficult to understand. The context framed around the CTA demanded good reading,
interpretation and comprehension skills which appcared to disadvantage sccond
language lcarners. The CTA framework document states that “this section [section B]
should assess recall and understanding (comprchension and understanding)...” (DoE,

2002b).

The English learners outperformed the Afrikaans and Xhosa lcarners. The interviews
with teachers and learners seemed to suggest that both the language and style of the
CTA were common problems among most lcarners. This may be explained as a result
of a poorly translated Afrikaans CTA and the difficulty Xhosa learners experienced in

understanding the contextualized questions.

According to Mills and Treagust (2002), cited in Bansilal (2008) the four aspects of
the curriculum are defined as: the intended curriculum (the intention of the
cducational system), the implemented curriculum (instructional practice), the
perceived curriculum (learning cxpcriences by the learners) and the achieved
curriculum (the outcomes of lcarners). In this study 1 adapted onc of these aspects
according to my objectives. For the perceived curriculum I looked at the experiences

by the learners and teachers on the CTA test (Section B). It seems that the good
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intention of the Department of Education has not been fully achicved. The CTA,
which is part of the intended curriculum, is designed to focus on skills as ecmphasized
in a departmental document: “ability to use or transfer, their knowledge, understanding
and skills into action...” (DoE, 2002b:9). However, the responses from the tecachers
revealed that content and skills were difficult to separate and they preferred questions
more suited for Grade 9 learncrs instead of Grade 11 or Grade 12 learners. Somc of
their responscs were: “That work comes from the Grade 12 chemistry section. They could have
used examples that they are more familiar with ™. and " This work should be made more clear in Grade
9 work scheme. This is Grade 11 and 12 chemisiry”. The CTA framework stipulates that
“section A creates the content and context for section B™ and section B *‘should reflect
a transfer of skills from section A” (DoE, 2002b:10) Howcver, on page 9, it states
that “the content and skills... should be age and grade specific” (DoE, 2002b:9).
According to the teachers, the content was not for a Grade 9 lcarner. Although the
intended curriculum of the CTA displays noble intentions, it seems that there is a
mismatch between the intended curriculum on the one hand and the percecived and
implemented curriculum (the CTA) on the other hand. The implementation of the
future CTAs should comply by what is stipulated in the policy documents, otherwise

tcachers are left confused, anxious and end up having no faith in the new curriculum.

This CTA framework document docs stipulate that Section A *“‘creates the content and
context for Scction B” (DoE, 2002b:10). Therefore cnough time should have becn
awarded for teachers to consolidate the skills and content in Scction A to prepare the
learners for Section B. However, according to the teachers this was not the case —
there was not enough time and therefore no justice was done to the CTA. It would
have made scnse that tcachers be provided with the CTAs earlier in the year so that
there was cnough time for formative assessment. It is emphasized that Section B
reflects the transfer of skills, and focuses on application, analysis and understanding
and does not necessarily focus on the same skills as in Section A. However, from the
above comments made by teachers, it is difficult for teachers to separate content and
skills. This argument 1s supported by Ongunniyi (1999) who believed that it is

difficult to separate process skills from content when setting test items.

The achieved curriculum, which is partly reflected in the results on the CTA (Section

B), reveals that therc 1s an identifiable mismatch of the intentions of the intended
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curriculum and the implemented curriculum on the one hand and the perceived and
achieved curriculum on the other hand. One of the objectives of the intended
curriculum is it “strives to cnable all learners to achicve to their maximum ability™
(DoE, 2002c:1). By striving to do this, performance based tasks which were
contextually based were introduced in order to make lcarning and good performance
possiblc to all learners from diverse social backgrounds (Bansilal, 2008). On the
contrary, however, the implemented curriculum (the CTA) did not manage to achicve
its objective completely, possibly duc to many influential factors such as differcent
SES schools — lower SES schools with larger classcs, underperformed; gender
differences — females had the edge in answering contextualized questions; language —
sccond language participants underperformed and the design of the CTA — some
questions were ambiguous, and too much rcading was required which disadvantaged
learners from lower SES schools; and insufficient time to do formative assessment —
many tcachers complained that they had too little time, which meant that for Section

A there was not enough time for learners to grasp the skills tested.

The CTA document emphasized that Scction B “should assess recall and
understanding...” (DoE, 2002b). However, this was not possible in most cases, since
tcachers, who werc busy marking large classes of CTAs (Section A), did not have
cnough time to review common mistakes and provide positive formative assessment.
How could learners recall skills or concepts that were not properly understood? The
CTA did not provide a fair opportunity for all learners from diverse social
backgrounds and linguistic groups. Thesc findings arc supported by those of Bansilal
(2008). Although the CTA comprises of 25% of the learners’ performance, of which
Scction A makes up 40% and Scction B makes up 60%, it was important since it had

been made compulsory for all Grade 9 learners to write the CTA (DoE, 2002b).

The overall mean scorc on Section B of the 2004 CTA in Natural Science of all 1572
learners was 38.3% which meant that the lcarners had an average rating of “partially
achieved”. This is not very promising and further investigations should be done in

futurc on CTAs to see whether or not learners have progressed.

However, the limitations found in this CTA match those described by Gipps and

Stobart (1997) who believed that there are always shortcomings in cach form of
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national assessmcent.  Firstly, the specific content decided on by the cxternal
cxaminers was unlikely to satisfy all teachers. The teachers in this study did not
necessarily view the content as a problem but felt that the level of questioning, was
not appropriate for Grade 9 learncrs and that the content should be made more specific
at the beginning of the year so that tcachers would have more time for consolidation.
However, supplying tcachers with the exact content to be assessed could incvitably
lead to teachers only teaching a certain scction of the syllabus — i.e. teaching to the
test and leaving out other important sections. This view is supported and argucd by

Shepard (2000) and Whitford and Jones (2000).

Sccondly, the assessment criteria were limited since there were other possible
logically correct answers. This seemed to reduce the consistency in marking thesc
tests. This was noted by one of the teachers who stated: *“You do need consistency, but
if you are going to ask for that sort of consistency in your answers you also have to
have the same sort of consistency in your syllabus in terms of detailing exactly what
must be taught. You can’t have the syllabus open-ended but have your answers very

restricted”.

Thirdly national tests arc only a partial form of assessment and therefore should be used
cautiously. In this study the CTAs counted 25% towards the final mark, of which 40%
consisted of Section B and 60% consisted of Section A. The classroom continuous
asscssment counted 75%. Although Section B only contributed 40% towards the CTA
mark (which is 25%), it carries great value since it is part of the validating tool for

CASS and reflected any shortcomings in teaching and lcarning.

Different cognitive competences were also reflected in the CTA questions. Using
Green and Naidoo’s (2006) method of classification, which originated from Verhage
and de Lange (1997), it was easy to categorize some of these competences based on the
process skills which were identified. After analyzing the results, it was cvident that the
middle level complex cognitive competences featured more prominently than
mctacognitve, advanced and simple cognitive competences. This was reflected by
certain identified process skills; e.g. apply, make decisions, communicate, analyze,
interpret and conclude. These skills arc mainly assessed by “free response™ questions

(DoE, 2002b:16). The higher level advanced cognitive competence and simple
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cognitive complex fcatured to a lesser extent. According to this analysis, the CTA
consisted of complex questions that required middle level complex cognitive

competences.

From the overall mean score, which was only 38,3%, it seems that the majority of
lcarners only “partially achieved” (DoE, 2003a). This mcant that many learncrs
hesitated with the middle cognitive competence level questions and this may be a major
conccrn in science education. At present onc of the purposes of the CTA is to promote
a common standard. With the majority of learncrs in South Africa, speaking a language
forcign to the test and having problems understanding the style of questioning,
especially at this level, the CTA test would scem unfair to the majority of learners.
According to Verhage and Dc Lange (1997:15) this middle complex cognitive level
required learners to “relatc two or more concepts or procedures” and there is always
more than one approach to a problem, i.e. more subjectivity than objectivity 1s required
in this level. This style and level of questioning in the CTA can explain why lcarncrs
who were average and below average battled with most items, since most of the items

referred to the middle complex cognitive level.

An interesting finding which showed a strong link between different SES schools and
levels of achievement (sce fig 4.20) nceds to be further investigated to find out why
learncrs from low SES schools perform poorly on these tests.  This study is a typical
example of Vygotsky’s (1978) perception of learning as a form of interaction. Is there a
link between the cognitive competence levels of learners from different SES schools?
One should, however, be cautious to usc these findings since many other factors have

also contributed towards the learners’ performances.
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CHAPTER S

CONCLUSIONS, IMPLICATIONS AND RECOMMENDATIONS

5.1 Introduction

Since the time when the first CTAs were partially introduced at some schools in 2002,
according to Dr. Zoleka Sokopo (Asscssment Coordinator at the time), only threc
known formal studics have been conducted on them. Firstly, a report compiled by
Wilmot (2004) described the Development Phase of a two-year collaborative research
and curriculum project, which focused on the Grade 9 Learning Arca of Human and
Social Sciences (HSS). The report contained a detailed analysis of the Department of
Education’s Assessment Guideline document (DoE, 2002) and an evaluation of the
CTA for HSS which was implemented at two selected schools in 2003. It provided
evidence suggesting that the 2003 HSS CTA was a significant improvement on the
one previously implemented at the schools in 2002, particularly in terms of the quality
of the source materials included in the CTA and assessment (Wilmot, 2004). A
second study examined thc overall implementation of the CTAs and CASS
(continuous assessment) in 1500 schools across the ninc provinces. This was
conducted by the Khulisa Management Services on behalf of the DoE in conjunction
with the Independent Examinations Board (IEB) in 2004 (see Chapter 2 pages 62-63).
Recently a third study was conducted by Bansilal (2008), which identified learners’
experiences of the Mathematics CTA of 2004 and the disjuncture between the
intended and the perceived curriculum. However, neither of the above studies focused
on an in-depth study of the Natural Science CTA — which the present study attempted

to do.

This chapter presents the final stage of the thesis by providing the conclusions,
possible implications and recommendations of the resecarch. The investigation was
designed to answer various questions listed in Chapter 1. The rescarch questions are
answered 1n the order they appear and, after cach answer, a brief conclusion is reached
and possible recommendations and inferences arc made for teachers, curriculum

planners and policy developers.
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The purposes or goals of the research were:-

¢ to identify any concepts in the 2004 Natural Science CTA test items with
which 1572 conveniently sampled lcarners recorded difficulty when
answering;

e to identify any process skills in which this fairly large and representative
sample of the learners underperformed as a group;

e to asscss whether the CTA test paper as a whole might be considered as too
easy, too hard, or at a reasonable level of difficulty;

e to detect whether misconceptions or misinterpretations were evident in the
lcarners’ responscs to individual test items in the Natural Science CTA;

e to mcasurc differences in CTA performance between groups in terms of
selected independent variables such as gender, level of socio-economic status
(SES) and home language;

e 1o dctect whether there were possible shortcomings in the design of the CTA
itself — for example, with regard to layout, ambiguity, clarity, appropriateness
for RNCS (2002¢) and diagrammatic representation; and

e to makc cvidence-based recommendations for the possible future use (or
possible discontinuation) of CTAs in Natural Science at the Grade 9 level.

e to record, analyze and cxplain problems cncountered by local schools; and
possibly,

e to discuss and evaluate the soundness of selected national curriculum
statcments.

5.2 Research question no.1: How did a sample of 1572 learners and their teachcrs
expericnce the 2004 Grade 9 Natural Science Common Tasks for Assessment
(CTA), Scction B, as a potential instrument of performance and cducational

achicvement?
5.2.1 Conclusion
About three quarters of the sample of interviewed learners reported that the questions

in thc CTA were different from thosc with which they were familiar with i the

classroom. Four main differences mentioned were: the new style of questioning
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adopted in the CTA (based on real life situations); the novel language format used in
the CTA (too long winded); certain questions in the CTA also involved more problem
solving skills (which rcquired morc time for rcading and conceptualizing); its
vagueness (which made it difficult to understand) and too little time for teachers for

feedback and consolidation.

Overall the responses from these learncrs generally appeared to imply that the CTA
had a different, sometimes unfamiliar, style of testing compared to a traditional class

test.

All of the interviewed teachers said they believed that the CTAs should be continued
but that they should have been given sufficient time to teach the CTAs thoroughly.
Also emphasised was the need for the curriculum to be more specific in relation to
scquencing content so that there is consistency in teaching and achievement levels

required among schools.

All of the interviewed tcachers identified time as a factor that hindered their ability to
do justice to the CTA. It seemcd that there was not cnough time for CTA

consolidation since teachers had to do other administrative work.

Several reasons suggested that the CTA test might have been partly “unfair”. These
werc: the complexity in the language used - cspecially for the Xhosa-speaking
lcarners; and the incorrect grammatical translation of the CTA into Afrikaans.
Although the CTA attempted to relate problems to a “‘real-life” situation by
developing a particular context, which many learners and teachers acknowledged, it
created problems for many learners. Thesc contextualized questions disadvantaged
many learners because they were not familiar with the style of questioning; too much
rcading created a problem for learncrs who used English as their second language and

the weaker learners, which were revealed in the interviews.

During the intcrviews it became apparent from the responses that certain items in the
test discriminated between learners of average and lower achicvement and seemed to
advantage the above average learner. Also they may have disadvantaged the learners

who came from a non-English background.
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The majority of learners interviewed scemed to have found the CTAs different and of
a higher standard to that of classroom work (which made it difficult to undcrstand)

(sce page 158).

During the interviews it seemed that the criterion to “strengthen the capacity for
school-based continuous asscssment” stated in the RNCS (DoE, 2002¢:79), was not
satisfactorily met due to limited time. Continuous assessment was described as that
which covered all the nccessary aspects for OBE educational assessment. However it
seemed that formative assessment as emphasized in the RNCS (DoE, 2002c) did not
occur because the tcachers were not given sufficient time for proper teaching, learning

and formative assessment, which were crucial.

With regard to ensuring “consistency in teacher judgments” (DoE, 2002¢:79), this was
reported to be partially achicved. The argument for it being partially achieved was
based on the fact that standard asscssment criteria were issued to all teachers to use.
Contrary to this argument was the “mismatch between policy intention and policy
practice” Sayed (2002:29); which was stated by one teacher:

"L if you are going to ask for that sort of consistency in vour answers you also

have to have the same sort of consistency in your svllabus in terms of detailing

exactly what must be taught. You can't have the svllabus open-ended but have
your answers very restricted”.

The mean score for 1572 learners’ overall performance (i.e. their test totals) revealed
that learners had an avcrage rating of “partially achicved” according to the level
descriptor codes described in the South African National Education Policy Act (DoE,
2003a). Furthcrmore, the fact that 23% of learners scored less than 11 out of 80
should be regarded as a major concern to teachers and curriculum planners, if their
focus is on the learners’ attainment of basic levels of achievement. Besides the many
factors that could have influenced the lecarners’ performances, the questions in the

CTA scemed to have been very challenging.

5.2.2 Implications for teaching and learning

It is clear from the above conclusion that the CTAs arc different from class work and

the style of questioning disadvantaged second language participants. This was alsc

found in one other study (Bansilal, 2008). It seems to be accepted and acknowledged
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by some teachers (in this study) as a potential instrument of performance and
cducational achievement. However, it docs not fall short of criticisms which need
attention. Curriculum planners should be sensitive to the needs of teachers since the
CTA 1s a new form of assessment and should encourage teachers rather than
discourage them. Although the aim of the CTAs is not to test content but skills, it is
difficult to scparate the two (Ogunniyi, 1999). Therefore, content should be more
explicitly outlined in the RNCS document as mentioned in past studies on the CTAs
(DoE, 2004c¢) so that there is consistency in tcaching and achievement levels required

among schools.

In the present situation, where science tcachers are few and teachers are teaching
science with no science background, it does create a problem if the curriculum is not

explicit enough.

The study rcvealed that too little time was provided for learners to complete test and
teachers to consolidatec work based on the CTA. At present CTAs are arriving at
varied times and this creates added stress for teachers who want to have sufficient

time to work through the CTAs. The policy document on the CTAs suggest that the
CTAs be written in the fourth term (DoE, 2002b:8). As a teacher, 1 have witnessed
that during fourth term, teachers are tired and loaded with administrative work, which
results in inadequate preparation, time and effort for justice to be done to the CTA.

This was also found in other studies on CTAs (DoE, 2004¢).

The CTA policy document emphasizes that Section B “assesses individual
compctence and will focus on sclected specific outcomes and skills...” (DoE,
2002b:11). This study has revealed that the CTA has included these skills, outcomes

and certain level of competences. However, the results of this study clearly show that
the leamners found the CTA very difficult and of a high standard as before (DoE,
2004b). Since the questions of the CTA arc contextualized, problems associated with
limited time and language of the test would remain obstacles as found in studies done
by Bansilal (2008). This implies that the problems associated with the CTAs
implementation needs to be addressed. If no real attempt is made to improve the time
factor involved with the CTAs management (time of delivery to schools) and style of

questioning, tcachers and cxternal examiners will simply continue in the manner they
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had before and thc CTA will become a waste of paper and effort. If teachers arc
rushing to get through the CTA in the fourth term, justice cannot be done to the CTA

and lcarners will be losing out on proper learning as mentioned earlier by one teacher

(page l61).

53 Research question no.2 Why did the lcarners perform in the ways that they
did, and what decper insights into the leamers” achievements on the CTA were gained

when their responses/results were analyzed?

5.3.1 Conclusion

Some of the possible aspects that may have impacted on the low performances of
lcarners were misconceptions, misinterpretations, lack of prior knowledge, language
and comprchension skills and graphing skills. These possible aspects have also been
identificd in previous studies (Arnold & Millar, 1994; Cohen, Eylon & Ganiel, 1983:
Colyn, Hasson & Morrison, 2001; Duit & von Rhoneck, 1998; Freddette & Lockhcad.
1980; Hendricks, 1999; Mammino, 2002; Psillos, Koumaras & Tiberghicn, 1988:
Sadeck, 1999; Sadeck & Scholtz, 2003; Shipstone, 1985b; Stanton, 1990).

Shortcomings with regard to the wording and composition of cach item; clarity:
length; layout; degrec of abstraction; ambiguity; certain items were inappropriate for
Grade 9 learners; and diagrammatic representation may also have had an influence on
their performances. Another factor was time constraints - too little time for scction A

to have been taught thoroughly in 2004 and little time for consolidation of concepts.

The language used in the CTA was difficult for lcarners who spokc English as a
second language. The test appeared to have discriminated against Xhosa learners and
this was ecspecially cvident in their written responses to questions and basic
grammatical language errors. There were also highly significant differences between
Xhosa, Afrikaans and English lecarners on the mean scores of 24 of the 25 items. In
the majority of items, English learners performed better than Xhosa and Afrikaans
lecarners. In some respects the manner in which the CTA was translated from English
into Afrikaans was seriously defective. Furthermore, many of the interviewed

lcarncrs felt that the questions given in the CTA were very different from what they
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had been cxposed to in class work in terms of the language format, its vaguencss and

the fact that more problem solving skills were required in the CTA.

Another rcason for learners’ poor performances is the unusual style of questioning
combined with more middle and “‘higher order analytical skills™ (DoE, 2002b:16).

Many learners rcvealed that they were not used to these type of questions.

There was a highly significant difference between the performances of males and
females in the total score of the Science CTA, where females performed better than

males

[t appeared that the females scored better on science process skills like ‘decision
making’, ‘drawing conclusions’ and ‘justifying an argument’ whereas males scored
better in ‘constructing and interpreting diagrams’, ‘identifying variables’, ‘applying

knowledge’ (balancing equations) and ‘translating a graph into a table’.

5.3.2  Implications and recommendations for extcrnal examiners

It 1s very clear that therc will always be certain factors that contribute to learners’
performances, either in a negative or positive way. However the CTA has proven to
be a tool to highlight thesc troubled arcas that need attention. For example:
misconceptions or lack of certain concepts can be revealed. The idea of the CTAs is
not discouraged but the manner in which it has been implemented should be carefully

revised.

The CTA should be thoroughly checked with regard to language (from English to
Afrikaans), ambiguity and othcr shortcomings before issuing it to the schools. It
should also be checked for gender bias, type of skills tested, and style of questioning

and try at all times to establish a good balance in style of questioning.

5.4 Research sub-question no.1: On which of the 25 items in Section B of the
2004 Grade 9 CTA in Natural Science did the mean scores for the combined sample
of 1572 learners from 12 schools, taken as a whole, meet or exceed the specified

minima for acceptable levels of performance?
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5.4.1 Conclusion

Among the 25 items tested, acceptable levels of achicvement (decided upon by a pancl
of experienced teachers) were attained on only nine items. The particular items
which lcarners performed the worst were based on the process skills ‘identifying and
controlling variables’ and ‘interpreting graphs’. Thesc results were strongly consistent
with the findings of Sadeck (1999). This might mean that they were unable to deal with
the cognitive demands of the question which was classified under a high level advanced
cognitive competence, i.c. scicntific investigation (Green & Naidoo, 2006). Further

elaboration on the process skills are explained in section 5.8.2 (page 212).

5.4.2 Recommendations for teachers

Teachers should place emphasis on these particularly problematic ‘process skills™ and
possibly improve lessons by using a varicty of tcaching approaches. Thesc skills arc
also taught in mathematics. For a follow up study it might be recommended to
investigate whether learners do well in these process skills in mathematics (where
traditionally it is taught ““out of context”) — whereas in science the process skill has to

be applicd within a specific context.

5.4.3 Implications for teacher training

Since great emphasis has been placed on process skills, it is important that science
teachers arc able to comprehend and interpret the policy document, and also to know
what procedural steps are required for each skill, as they will be expected to
implement it in their classrooms. Therefore it is implied that the requirements and
explanations of these skills be included in teacher training programmes; for example,
“the usc of self-questioning by pupils in developing their process skills in science” as
described by Chin (2006:113). With regard to teaching the notion of variables, the
following questions could be asked during regular classroom lessons (Chin,
2006:116):

e  What are the variables involved here?

e What is the relationship (direct, inverse or none) between
variables A and B (e.g. for tables, charts and graphs)?

e  What pattern and trend do I see here (e.g. for tables, charts and
graphs)?
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5.4.4  TImplications for curriculum planners

Cognisance may be taken of the possible factors that could be the causc of the poor
item performances of learners, and curriculum changes should be made accordingly to
some of the CTA science items in order to possibly improve learners’ performances.
Also, teaching strategies could be made morc explicit in the RNCS by providing
guided information on the specified process skills by recommending certain textbooks

or teaching websitcs to teachers.

5.5 Research sub-question no. 2: Were the learners’ misconceptions in
knowledge and skills found to be similar to those already known in the published
literature; and did there appear to be any misinterpretations of certain questions when
representative samples of English-speaking, Afrikaans-speaking and Xhosa-speaking
learners had their CTA answers scrutinized in depth through interviews with teachers

and learners, as well as their scripts?

5.5.1 Conclusion

Although misconceptions were not the main feature of this study, nevertheless in any
form of assessment misconceptions do arise. An analysis of learners’ scripts in this
study revealed certain misconceptions that could have resulted in the poor
performance of some learners. However, after cxamining the learners’ scripts, it
became apparent that not all incorrect answers were necessarily the result of learners’
misconceptions but possibly occurred as a result of misinterpretations and lack of

prior knowledge.

Certain misconceptions that were evident were based on electricity and chemistry.
They have also been noted in carlier literaturce, ¢.g. Hendricks (1999); Mammino
(2002); Shipstone (1985b) and Stanton (1990). With rcgard to electricity, learners
misrepresented the circuit diagram by drawing light bulbs, ammeters and voltmeters
instead of using the symbols representing each part. It was assumed that learners had
been taught how circuits are represented scientifically.  Another common
misconception or arca of ignorance was presenting one cell as a battery instcad of two.

With regard to the chemistry section, a common misconception was that the formulac
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of substances can be changed. For cxample, many learners falsely believed that the

water molecule H, O could have been written as H, O . According to the “law of

definite proportions” this is not allowed, since cach substance has its own standard
formula that cannot be changed, as discussed earlier (Chapter 4, page 139). Many
learners secemed to lack certain concepts with regard to prior knowledge in physics.
For ecxample, the concept of ‘voltage’ had not been mentioned in the Grade 9 Revised
National Curriculum Statement (DoE, 2002c¢) but it has been referred to in the Grade
10 syllabus. This scemed to result in a large disparity in performances among learners

from various schools who were not familiar with the concept.

5.5.2 Recommendations for tcachers

The findings indicate that at a given age level, certain misconceptions or arcas of
scientific ignorance are very persistent, bearing in mind the findings reported in past
international studies. Therefore, eliciting these misconceptions and misinterpretations

in the classroom, so that tcachers arc made morc aware of them, may be helpful.

5.5.3 Implications for teachers

Teachers might be encouraged to usc imagery in teaching chemical formulae, which
has been proved to be a useful tool (Mammino, 2002). Also, before continuing with a
new section, more time might be spent on teaching certain basic concepts in
electricity, e.g. the difference between a cell and a battery; and the representations of
circuit diagrams and symbols, so that leamers could first get to grasp very simple

concepts that seemed to surface quite persistently.
5.5.4 Implications for teacher training
If future science teachers arc made awarc of thesc dctails and other knowledge gaps

and misconceptions, thcy may be better cquipped to develop lessons that might

counteract or reduce these misconceptions.
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Misinterpretation of scicnce text can also occur as the result of a language deficiency.
Teachers should be made aware of this and it is suggested that they might be specially

trained to overcome or reduce the language barrier in science teaching.

5.5.5 Implications for curriculum planners

The RNCS document might be made more “teacher friendly™ in future with emphasis
to be laid on basic content knowledge required by learners before entering the FET
phase. A stronger link might be cstablished between curriculum planners and
cducational researchers with regard to definitive basic knowledge. Furthermore, an
updated list of misconceptions in cach topic might be published annually and
distributed to schools and included as a section in a teaching guide. Many discovercd
misconceptions may have arisen through rescarch, which teachers arc not particularly
awarc of. Knowledge of thesc misconceptions could be of great help to novice

teachers studying the new syllabus.

5.6 Research sub-question no. 3(a):

Did the in-depth interviews conducted with the selected teachers and learners reveal
possible short-comings in the wording and composition of each one of the items 1 to 5
(e.g. in respect to clarity, length, layout, degree of abstraction, sequencing, weighting,
appropriateness for RNCS (DoE, 2002c), ambiguity and diagrammatic

representation?)

5.6.1 (3a) Conclusion;

The in-depth interviews revealed that some of the questions asked were not very clear
— it was vague and learners nceded more time to read it. The CTA was quite long and
required a lot of reading and therefore sufficient time was needed, which was in this

instance not provided.

The questions based on the graphs were not very well presented. All the graphs were

not displayed on one page and this created confusion with some learners. According
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to a tcacher, many lecarners only studied the graphs on which the questions were

presented and ignored the other graph.

It was notcd that the examiners attempted to make the CTA test less abstract and more
interesting by providing pictures. However, some learners seemed to find the straight
linc graphs more abstract than the bar graphs and therefore might have required a
deeper understanding of how the numbers on the axis relate to cach other and to the

linc on the graph in order to answer questions.

When analyzed by a group of tecachers and a subjcct advisor, it was revealed that most
of the process skills stipulated in the RNCS (DoE, 2002c), were tested in the CTA
(Scction B). Also, many learners thought that the questions were based on real life
situations and had much relevance attached to them. Howecver, many of them found

these contextualized questions to be difficult due to various reasons described later.

Certain questions were regarded as being ambiguous (page 163). The weighting of

marks according to certain questions were also criticized (page 146 and page 147).

5.6.2 (3a) Implications for curriculum development and implementation

In order to maintain consistency in the implementation of a curriculum in the
classroom, certain science concepts to be taught should be made more explicit in the
RNCS (DoE, 2002¢) document so that all teachers have a clcar idea as to what are the
minimum skills requirements for a Grade 9 learner. At present the document is not
very specific in terms of scientific content and concepts, due to the foundational
premise of OBE. However, it is important that teachers receive the necessary
guidelines in order to ensure consistency across schools. If the cxternal cxaminations
should be conducted in future in a similar fashion, then it is important that the teachers
be given cnough time to practice formative assessment with their classes, which

seemed not to have been done successfully in the implementation of the 2004 CTA.
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5.6.3 (3a) Recommendation for improvement of the CTA

Preliminary shifts in the content of any future CTA should be checked by specialists
in the ficld to minimisc any shortcomings in the test, ¢.g. ambiguity, incorrect
translations from English into Afrikaans, levels of difficulty, adequate time allocation

and incorrect labelling of axes that reduced the quality of the test.

5.7 Research sub-question 3(b):

Did the in-depth interviews produce triangulating evidence that clearly illuminated,
cxplained, corroborated or amplified the empirical findings presented as answers to

the research sub-questions 1 and 2?

5.7.1 (3b) Conclusion

The in-depth interviews produced sufficient evidence that substantiated the empirical
findings presented as answers to the research sub-questions | and 2. Especially with
regard to their poor performances in certain questions. The responses from interviews
seem to explain the poor outcomes: learners complained about the graphical questions
— they found it difficult to read off the dots from the graph; the straight linc graphs
confused them and they were not familiar with such graphs.  Evidence of poor
understanding of questions reflected in their answers were explained by the learners as
difficulty in understanding the text (language problems) the style of questioning
(contextualized questions) and ambiguity (page 163). This was particularly evident
with the Xhosa learncrs and weaker learners. Questions in which they performed very
poorly in (identifying variables), were claimed by somc learners as not been taught in
class. Also, the poor performance of learners on graphs (item 5. page 144) and
symbolic representations in chemistry (item 4.1, page 138) werc explained by the
tcachers as work not appropriate for Grade 9 learners. The above average learner had
no problem answering these questions but the average and below average learner

responded incompletely.
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5.8 Research sub-question 3(c)

To what extent did the CTA cover process skills, Learning Outcomes and Assessment

Standards?

5.8.1 (3¢) Conclusion

The consensus rcached by a group of experienced and qualified educators who

analyzed the science content of the CTA identified the following process skills:

Interpreting information: this skill was tested strongly on the majority of items apart
from items 1.1, 1.2, 1.3, 2.8, 3.3 and 4.1(b).

Decision making: was tested on items 1.2, 1.3 and 1.4.

Recalling meaningful information: was tested on items 1.1, 1.2, 1.3, 3.1, 3.2 and
4.1b.

Communicating science information: was tested on items 1.1, 2.8, 2.9, 4.2a,
4.2(b)1,4.2(b)2,4.2(b)3 and 5.

Drawing a conclusion: was tested only on item 2.9.

Observing and comparing: were tested only on item 1.4.

Sorting information: was tested only on items 3.1 and 4.2(a).

Recording information: item 2.8

Planning science investigations (describing and controlling variables): was tested
onitems 2.1,2.2,2.3,2.4,2.5,2.6and 2.7.

Hypothesising inferred: items 2.2 and 2.4.

Evaluate information: items 4.2b1, 4.2b2,4.2b3 and 5.

Raising questions about a situation: was tcsted on item 2.6.

Problem solving: was tcsted on items 3.1, 3.2 and 3.3.

Applying knowledge: was tested on items 2.1,2.2,2.3,2.4,2.5,2.6,2.7,2.8 and 2.9.

Justifying an argument (scientific reasoning): was tested only on item 3.4.

The analysis by collegial agrccment of the items in the CTA revealed that

‘interpreting information’ was involved in almost all of the items.
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Consensus reached by experienced science teachers revealed that all three LOs were
covered by various items to a certain degree. It appeared that LO2 had been tested to
a greater extent than the other two LOs. It scemed that all Assessment Standards werc
applied, cxcept for ‘catcgorising information’ which was not identified. ‘Interpreting

information” was an Assessment Standard that seemed to have appeared the most.

5.8.2 (3¢) Implications for the content of the CTA

These findings imply that ‘interpreting information” — which is an ‘integrated’ or
‘higher order’ process skill (Bcaumont-Walters & Soyibo’s, 2001) — was very
pronounced in the CTA and it relicd upon more sophisticated cognitive abilitics such
as organizing and evaluating information (Green & Naidoo, 2006). It scems that the

CTA mostly encouraged the use of higher order skills.

These findings also imply that cach one of the items was able to encourage and
measure a process skill. Eleven out of the 25 items measured at least threc process

skills simultaneously (see Appendix 1).

The CTA cncouraged the practice of mostly middle and higher level skills which were
represented by complex cognitive, meta-cognitive and advanced cognitive

competences using Green and Naidoo’s frame of competence.

The middle level complex cognitive competences tested were: applying knowledge,
decision making, hypothesizing inferred, communicating science information,

interpreting information, evaluating information and drawing a conclusion.

The highest level meta-cognitive and advanced cognitive competences were:
justifying an argument (scientific reasoning), scientific enquiry, raising questions
about a situation, problem solving and planning science investigations (describing and

controlling variables).

The lowest level simple cognitive competences tested were: observing and comparing,

recalling meaningful information and sorting information.
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It also seemcd that learners performed with varying degrees of success in certain
process skills when applied in different questions. For example, learners performed
better in items 3.1 and 3.4 compared to items 2.9, 4.1(b) and 5. The former itcms
required learners to interpret text and the latter items required an interpretation of
tables and graphs. Did competence in this skill vary as the nature of the information
varied? In other words, by implication, was ‘interpreting information’ context-

dependent?

The content of the CTA scemed to have covered a wide varicty of process skills with
an cmphasis on the middle and higher level competences. The findings imply that the
levels of competence required by some items werce rather high; and that certain
process skills, Assessment Standards and LOs might have been more prevalent than
others; and that it might not have been casy to design a wecll-balanced test.  An
implication that is of potentially grcat significance for any future CTA development
and implementation is the possibility that teachers, who are specialists in the field of
study, will be able to reach consensus in identifying the particular process skills, LOs
and Asscssment Standards tested, hence mirroring what was done by the researcher
and experienced tcachers in the present study. However, it should be noted that this

procedurc took time and reaching consensus was not always ecasy.

5.8.3 (3¢) Implications for teachers

Classification of the nature and varied levels of cognitive competences, as described
by Green and Naidoo (2006), should be studied by teachers in order for them to
rcalize the levels of their lessons and assessment with regard to cognitive
competences. They could be encouraged to develop lessons which include a varicty
of process skills that fall under the middle-to-higher competence levels so that their
lcarners can become more familiar with these types of questions. Since it is beyond
the scope of this study to producc teaching strategies that could improve learners’
proficicney in certain process skills, it is suggested that these skills be taught and that

it not be expected of learners to grasp them automatically.
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5.8.4 (3¢) Implications for curriculum planners and textbook writers

Curriculum planners could be invited to outline the different levels of learner
competence in the Grade 9 tcacher’s manual, alongside the process skills, so that
tcachers will have some kind of background knowledge about these theories.
Curriculum planners arc assumed to be aware of the level of competence they
anticipate for a Grade 9 learner and therefore they should be more explicit in policy
documents as to what minimum requirements are cxpected from a Grade 9 lcarner.

For example: the Grade 9 curriculum for Natural Science (DoE, 2002c:45) states that:

By Grade 9. most learners are able to see that certain quantities are constant even
when change takes place...; the learner can think through more complex problems
without actually doing them, provided pictures or models are available to work
with...: the language of the learner has developed so that an increasing number of
relational concepts can be used and understood.... by Grade 9 some abstract
thinking is taking place.

Perhaps the further development of a textbook for Grade 9 teachers could be more
specific in details and provide examples for teachers. It can be argued that teachers
should bc motivated to develop these examples themselves; but the reality is that
many teachers may not have the expertise, time or motivation. According to Reddy
(2006b:412):

.... given the problems of teacher shortages and teaching quality, it is
important to consider providing high-quality structured learning materials
(for example, textbooks) to learners. Structured learning materials,
especially in poorer learning environments. can provide a fail-safe
mechanism for learners to acquire knowledge. Given that the nature of
mathematics and science knowledge is cumulative, the structured
learning materials can provide a way of to acquire this knowledge even if
there 1s no teacher.

5.8.5(3¢) Recommendation for further rescarch

Rescarch could be done on how early in the primary school certain complex skills
could be introduced and used. For example: can complex skills, like hypothesizing, be

introduced in simplified forms cven from the Foundation Phase? How carly can the

skill be developed?
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5.9 Research sub-question no. 4(a):

When the 12 sampled schools were grouped into four bands according to SES (three
highest SES, three sccond-highest SES, three third highest SES and three lowest SES),
did the levels of the 12 CTA avcrage scores (totalled out of 80) correspond uniquely

with each of the four bands?

5.9.1 (4a) Conclusion

The findings have suggested that schools from similar socio-cconomic backgrounds

produced morc or less similar CTA mean scores.

5.10 Research sub-question 4(b)

Were there significant diffcrences between the mean total CTA science scores of the

four bands of 12 schools grouped according to their SES?

5.10.1 (4b)  Conclusion

There were significant differences among the mean scores between the schools from
different levels of SES, cspecially between the highest and lowest level SES schools
which revealed a highly significant difference in mean scores. The results displayed a
distinct pattern in the levels of achicvement in the order: highest SES > medium SES

> normal SES > lowest SES.

5.11 Research sub-question 4c:

Did the high level SES schools perform better than the lower level SES schools on all

25 items in scction B of the 2004 CTA examination in Natural Science?
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5.11.1 (4c)  Conclusion

The high level SES schools performed better than the lower level SES not on all the
items but the majority of items. The distinct pattern was cvident for 16 out of the 25

1tems.

5.12 Research sub-question 5a

Was there a significant difference between the total achievement score totals of the

912 females and the 660 males on the 2004 Grade 9 Natural Science CTA?

5.12.1(5a)  Conclusion

There was an astonishingly highly significant difference of 7.6% between the

performances of males and femalces, with a very high F-ratio of 47.7.

5.12.2 (5a)  Implications for intervention action

A literature revicw revealed the finding that the level of performance of learners can
be influenced by the nature of their socio-economic backgrounds (HSRC, 2005;
Reddy, 2006b; Riddel & Nyagura, 1991; Rothman, 1997).

The current findings and results imply that, although the schools from a similar socio-
cconomic background seemed to perform similarly on the CTA, the achievement gap
betwecen the highest and lowest SES schools was disturbingly evident, implying that
additional policy and administrative intervention input might occur at the lowest SES

level schools as a priority.

5.12.3 (5a)  Implications and suggestions for rescarchers

Attwood (2003:249) stated that, ““although very little can be done (by the school) to
improve learners’ socio-cconomic status, something can be done to improve their
mathematics performance” - or, in this case, scicnce-performance. Literature, based

on extcrnal examinations which used systemic assessment, has revealed stratcgies to
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be used in dealing with under-achieving schools (Tell, 1998). For example, if schools
were categorized according to their socio-cconomic backgrounds, the schools that
were under-performing within their category could be investigated and assisted in
order to improve their future performance. Learners whose science score totals were
abovce average (60%-100%) and who attended low SES schools could be interviewed
to find out what they were doing differently from the other lcarncrs who were under-

performing (Attwood, 2003).

Other schools that were performing well under similar conditions could also be
investigated and supported in order for them to maintain their standard (Malcolm,
Keane, Hoohlo, Kgaka & Ovens, 2001; Tell, 1998). This form of strategy has also
been mentioned by the Provincial Minister of Education and Culture in thc Western
Cape, Cameron Dugmore (Mangxamba, 2006:1-2). Although there are contrasting
views on this forthright recommendation, as discussed in Chapter 1, it seems to justify

the use of an cxternal examination as a stimulator of progress.

5.13 Research sub-question 5b

Were there significant differences between the achicvement scores of the 912
females and the 660 males on cach one of the 25 items of the Grade 9 Natural

Science 2004 CTA?

5.13.1(5b)  Conclusion

The results in Table 4.9 (page 177) indicatc that there were many highly  significant
differences in achievement between males and females. The females attained a
significantly better mean scorc than the males on 20 of the 25 items. However these
highly significant differences were evident among  the highest SES schools only. It
appcarcd that the femalcs scored better on  process skills like ‘decision making’,
‘drawing conclusions’ and ‘justifying an argument’ whereas males scored better in
‘constructing and interpreting diagrams’, ‘identifying varnables’, ‘applying

knowledge’(balancing equations) and ‘translating a graph into a table’.
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5.13.2 (5b) Implications

It is quite evident that gender differences in performances do prevail. However it
could be argued that this depends on the type of asscssment and its context. It has
been stated that Section B, being a paper and pencil test could be designed by “using
objective and or free response questions”™ (DoE, 2002b:16). The CTA used mainly
frce response questions as identified carlier (page 196). This scemed to indicate that
females were possibly better in expressing themselves than males since the CTA
questions were not very straightforward in nature, and they required learners to
express themsclves more comprchensively. For most of the items tested, females

outsmarted the males.

5.13.3 (5b) Recommendations for cxternal examiners

External examiners should take note of the difference in performance of males and
females in the CTA. Although it is stated that Section B could include “objective and/
or free response questions” (DoE, 2002b:16) — more ‘free response’ type questions
were asked. These results scem to reveal a bias against male learners. It could be
recommended that more objective tests, viz.  multiple-choice questions, truc/false
questions or matching could be included in the CTA. This required a writing style to
be more short and factual whereas cxtended reflective writing improved girls’ marks

more (Elwood & Comber, 1996; Howie, 2001).

5.14 Research sub-question 6a:

Were there significant differences among the total achievement scores of the Grade 9

Natural Science CTA between Xhosa -, Afrikaans - and English-speaking learners?

5.14.1 (6a) Conclusion

Statistically there was a highly significant diffcrence between the achievement scorcs
of learners when grouped according to their home language. According to the
descriptor codes (DoE, 2003a), only the English lcarners achieved and the Xhosa and

Afrikaans did not achieve.
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5.15 Research sub-question no. 6b:

Were there significant differences in academic achicvement among Xhosa -
Afrikaans - and English — spcaking learners on each one of the 25 individual items of

the Grade 9 Natural Science CTA 20047

5.15.1 (6b)  Conclusion

The findings presented in Table 4.11 indicate that there were highly significant group
diffcrences between Xhosa, Afrikaans and English learners on the mean scorcs for 23
of the 24 itecms. . Again, learners had to cxpress themselves clearly and it scems that
many Icarncrs who spoke English as their first language performed better than

learners who were Afrikaans- and Xhosa-speaking.

5.15.2 Research sub-question no.6c:

Were there significant differences among Xhosa- , Afrikaans- and English-spcaking

learners on the total mean CTA score when sub-grouped according to their SES?

5.15.3(6¢c)  Conclusion

English second language participants at higher SES schools achieved significantly
higher scores than thosc English second language participants who attend lower SES
schools. English sccond language participants from high socio-cconomic status
schools also attained better mean scorcs than English first language participants from

a lower SES.
5.15.4 (6¢) Implications
Although Xhosa learners achieved significantly lower scores compared to the English

and Afrikaans learncrs, these findings strongly suggest that the schools’ SES has an

influence on second language participants’ performance.
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5.15.5(6c) Reccommendations

The Department of Education should continue to monitor the performance of the
different types of schools as donc by this study. Remedial assistance should be
provided to thosc schools who are under-performing. Further investigations might be
conducted on these low SES schools to determine ways and means to improve

learners’ performances.

5.16  Rescarch sub-question no.7a:

Were there significant differences between males and females on the total
achievement scores of the Grade 9 Natural Science CTA 2004 when sub-grouped

according to language?

5.16.1 7(a) Conclusion

The statistical analysis showed that there were no significant differences on the total
achicvement scores between males and females when sub-grouped according to

language.

5.17 Research sub-question no. 7b:

Were there significant differences between males and females on each one of the 25
individual items of the Grade 9 Natural Science CTA 2004 when sub-grouped

according to language?

5.17.1 (7b)  Conclusion

The statistical analyses indicated that there were no significant differences between
the males and females when sub-grouped according to their home language. Although
item 2.9 (clectricity) did show a significant difference of p=0.006, this result might be
regarded as spurious since one item out of 20 can be expected to be significant purcly

duc to chancc at the p=0.05 levcl of significance, as a general statistical principle.
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5.18. Further Discussion

The CTA can be categorized as a standardized test which allows for systemic
evaluation. It is a standardized test since it is a common test set for all lcarners
nationwide. It is systcmic because it is a tool for monitoring the performance of the
education system. One cannot argue that there are many problems associated at
present with the implementation of the CTAs, based on the above analysis and past
studics, especially in the South African context. These have been revealed mainly as:
language and context issues, socio-cconomic issucs, instrumental problems, too little
time for tcachers to do formative assessment, and learners to grasp certain skills and

concepts.

However, onc should not judge the implementation of the CTAs too harshly without
looking at thc advantages. From an administrative or managerial perspective, the
CTAs do play a significantly important role which acts as a tool to monitor
performances from different schools as shown by this study. Howecver this docs raise
accountability issues which would be unfair to most schools in South Africa given
their circumstances — second language participants, large classes and unqualified
tcachers. Also, pressure for partly neglected schools to perform could lead to many
tcachers leaving for better schools where lcarners arc linguistically capable and fairly
competent.  Another measure that frustrated teachers could resort to is raising the
marks of learners, i.c. corruption of marks and tcaching only certain skills (teaching to
the test). However, the percentages allocated to various assessments — 75%for the
classroom continuous assessment and 25 % for the CTA (40% for Section B and 60%
for Section A) - scem quite fair and do not lay complete or major emphasis on the

CTAs alone.

The CTA’s main purposc has been to validate CASS and to assess skills that have
been stipulated in the curriculum. In this manner teachers are obliged to tcach the
skills that have been emphasized in the curriculum, in conjunction with Section A.
Teacher classroom assessment cannot be the only means of assessment since it seems
to be problematic. Recent studies have revealed that it has not been donc properly
(Singh, 2008). Thereforc, a national form of assessment can be advocated to make

sure that certain skills are taught. Also, designing tests which include all the different
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compctence levels, especially middle and higher level competences, could be time
consuming for each individual school to do. Thus a number of professionals in
education could assist in devecloping national tests instead of leaving it to individual

schools.

Although criticized by many, accountability may be uscful in motivating or forcing
schools to improve their performance. It is known that schools may develop an
adverse reputation and that tcachers may possibly losc their jobs; but in which other
manner can cducation be monitored? At present this is only been done in Grade 12.
If schools are categorized according to their socio-economic status, as shown in this
study, a fair assessment can be made on their performances as done in the United
Kingdom (Tell, 1998). This strategy of classifying schools accordingly would refute
claims of unfair judgement since, if a school belonging to a certain category
outperforms the other similar schools, something positive is happening at that school
that should be further investigated. These could be based on a number of factors:
either teachers are tcaching better or teachers are better qualified or classes arc
smaller, ctc. However, the CTA, being a performance-based assessment should aim
mainly at improving classroom learning and thercfore should not be uscd as the only

basis for the purpose of accountability.

According to Gipps and Stobart (1997), therc are always shortcomings in any national
assessment. This study has revealed many shortcomings. However, this is a ncw
form of assessment that has been introduced in South Africa as part of the new
cducation transformation. Therefore it stands to reason that therc will be a wide
disparity in marks becausc of the political history and huge socio-cconomic
differences among the schools. However, it can be used in a favourable manner, as

agreed upon by all the teachers interviewed, despite all obstacles.

There are many advantages to the CTA as a mode of assessment. Firstly, it can be
used to inform learning and teaching. The tcachers arc made aware of the type of
questions to be asked in the CTA, which are basically contextualized questions.
However, the emphasis on certain skills, repeated cach year, under different context
could be improved. A repeat of these type of questions as with previous CTAs, will

enable teachers and learners to gain more confidence in the style of questioning.
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Although it has been argued by Whitford and Jones (2000) that the improvement of
these national performance tests docs not guarantee improved learning, nevertheless it
docs make teachers more awarc of improving necessary skills. However, this depends
on how motivated teachers arc. If learners arc not taught the required skills nor
provided with sufficicnt contextualized questions, then the purposc of promoting a

common standard setting, which is emphasized in the policy document, will be

defeated.

It has been argued that these performance-based assessments disadvantaged low SES
lcarncers because of their high literacy levels. However, the mark allocation, which is
25%, 1s a small value compared to classroom continuous assessment which counts

75%.

These studies show that low SES schools are heavily disadvantaged — most probably
due to the fact that many sccond language participants attend these schools. However
these tests should prepare and set a standard for teachers to achieve. Perhaps
translating certain difficult words into Xhosa and keeping open ended questions to a
minimum will improve consistency in assessment since too much subjectivity could
lcad to the test becoming unrcliable (Whitford & Joncs, 2000). In this manncr

teachers will be kept involved.

Some problems related to the implementation of the CTA, the timing and attitudc
towards the CTA should change. To overcome some of these problems, it should be
given earlicr in the year to teachers and should be taught alongside the classroom
assessment. Although the curriculum content has not been specified in the United
Kingdom our history and context are different. The Grade 9 syllabus should be morc
specific in outlining content. If these kinds of testing are to be controlled by the state.
then the statc should be fair to teachers and lcarners and not test Grade 11 or Grade 12
work at Grade 9 level. Although it is the skills that will be assessed in the CTA
Scction B, it is very difficult to divorce content from skills, as revealed by the
responses of the tcachers, and also supported by Ongunniyi (1999).  Furthermore.
fecedback should be supplicd to learners immediately before writing Section B.
otherwise the purposes of the CTA - as a tool to improve learning and for sctting a

common standard - will not be accomplished. In other words, there will be a
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mismatch between the intended and implemented curriculum on the one hand and the

perceived and achieved curriculum on the other hand.

5.19 Concluding remarks and final thoughts

I thoroughly enjoyed working on this dissertation. I hope that my work will be read
by principals, teachers and curriculum planners. It was interesting doing an in-depth

study of lcarners’ responscs to CTAs from different schools.

The findings of this study havc revealed that CTAs do have a potential place in
education, if implemented correctly. If one of the main purposes of the CTA is to
maintain a common standard, then further investigations, like the present one, could
be performed on a regular basis in order to monitor the performance levels among
schools. Although there are problems related to this, as mentioned carlier, teachers

arc invited to use CTAs in the interest of education, where and when applicable.

This study has also made me aware of the importance of the design and layout of test
questions with regard to the quality of a CTA, taking into account gender differences
and language barriers. The classification of questions according to process skills,
Learning Outcomes and Assessment Standards has provided me, as a teacher, with a

better idea of how to set well balanced tests.

The fact is, when we say ‘All students can learn’, we should mean it and measure it.

-- Lisa Keegan (2006), Superintendent of Public Instruction, State of Arizona

The implementation of the CTA has revealed clear differences in learners’
performances which differed from school to school. Further conversations with
tcachers this year have highlighted the idca of ‘accountability’, where responsible
tcachers have been questioned about the standard of their work and certain marks
given for their tasks. In the past, this form of assessment has been used only in Grade
12. Perhaps teachers will become accustomed to this form of assessment in middle

high school and will be kept alert, as mentioned by Tell (1998:66).

Implementation problems that arose with regard to the 2004 Natural Scicnce CTAs

were: some marks were too high and needed to be lowered; and work was not
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properly taught. Onc of the rcasons given for the inadcquate standard of work
revealed by some of the portfolios was that some tcachers were not qualificd to teach
Natural Scicnce. The introduction of the CTAs in schools may get teachers, heads of
departments and principals more involved as teams, instead of working in isolation —
which could casily have happened if this form of systemic assessment had not been

introduced into schools in recent years.
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THE COMMON TASKS FOR ASSESSMENT (CTA)

Note to the learner:

This CTA consists of a Section A and a Section B. This is section A.

Section A:

© This section must be completed within 5 hours, which may be spread over a number
of days.

® Answer Section A in your own exercise book or in the way you and your teacher
agree upon.

® You will do some of the activities as an individual and others as a member of a group or pai
You may consult or ask for help. In the end, you must be able to justify all your answers.

© Itis important to show all your calculations because then your teacher will be able to see Fc
you have reasoned and which skills and knowledge you have applied.

® Section A also prepares you to answer Section B. Therefore, ensure that you have mastera
the knowledge and skills you applied in Section A so that you can attempt and complete
Section B succeésfully

Section B:

® You will have 2 hours to complete this section.
© You will complete Section B on your own.
“® You may use a caliculator where necessary.

I"- \
! lcons used:
This indicates that a new task has begun.
: 73} Activity |
. This indicates that a new activity
t of your task has begun.
N v

‘ 2 ) NS GRADE 9 CTA 2004: LEARNER'S BOOK SECTION A
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coNIENIs PIVDRRKF D IRBREO LI IVR AP IRNRKG DL ONANANS O ONXEAN DOV Y XNAGDEINXEXKS OSSN

INErOdUCHION ......v.cveeeeeeceeee e et ettt Pg 4
ASSESSIMENt RECOMT......cuiiiiiiiiit et e et e e er e ereas Pg 5
Task 1: To build @ dam OF NOt ...t Pg7
Activity 1: LIGhtING UP oottt s e s er e Pg7
Activity 1.1: Calculating electric POWEN ...........covciiiiiiiiiii e Pg 8
Activity 1.2: Connecting in series and paraliel............cccooeeeeiciie e, Pg 9
Activity 1.3: Choosing connections for lighting a home ..., Pg 10
TasK 2: BUINING UP c.eeeereiiie ettt sttt s s rae s se e ot e sre e st e s beesbe e Pg 12
Activity 2.1: Representing chemical substances using chemical symbols
AN SKBICHES ..cvve e e e e e e Pg 12
Activity 2.2: Representing chemical reactions using symbols and
chemical equation.............. rermeneniestastsenersnresreenuese s Mgesesresssresneessnensees Pg 13
Activity 2.3: Burning wood for cooking and heating............ccccoevvvieiviiiiicinn. Pg 15
Activity 2.4: Comparing energy SOUICES .........cccceeeiiinrirurenieriierireneenssnseersninsosens Pg 16
Task 3: Destroying the Wetland...........ccooiiirnerccrc e Pg 17
Activity 3.1: Understanding concepts relatéd towetlands ..........ccooveiinnin Pg 20
Activity 3.2: The wetland and CURUTIe ... Pg 21
Activity 3.3: Identifying and describing an investigation .........c..cocceoiiiiiini Pg 22
Activity 3.4: Studying the wetland .............ocoo oo Pg 23
Task 4: Preparing for your final presentation ...........ccccovinnnncnnii e, Pg 24
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Iintroduction

The CTA consists of two components: Section A and Section B.

© Section A is a preparatory component, and is made up of three tasks. The time and mark
allocation is indicated for all activities. Section A is given 120 marks. Complete all the
activities for Section A, as these will prepare you for answering the questions in Section B.

© Section B is an activity that you complete individually under controlled conditions. There
are five questions, which test the application of what you learnt in Section A. You will not
be allowed to take Section A into the room in which you write Section B

The task in Section A requires that you prepare a presentation for a public meeting.

© In order to prepare your presentation, and prepare your argument, you will have to go
through a number of preparatory activities in which you

carry out an investigation,
gather data,

do calculations,

answer questions, and
fearn concepts.

© Certain people propose to build a dam near Gariepville which will cover a *wetland area
near an urban area. You must prepare a presentation in writing that you can present at
the public meeting. You need to comment on the scientific aspects of the claims and
counter claims different interest groups are making about the issues. Your presentation
needs to make the case for a particular course of action.

© You must pretend to be one of the #stakeholders in Gariepville, a small town with the
wetland which is under threat. Read more about Gariepville later. The data and
information you get from doing the activities will help you to prepare a good, interesting
and scientifically-informed presentation.

* wetland - a place where land is regularly under water for long periods during a year.

# stakeholder - a person who is a member of one of the groups directly affected by any
decisions

-
4 NS GRADE 9 CTA 2004: LEARNER’S BOOK SECTION A




SECTION A: Details of Assessment Tasks

Page . Form of assessment / Who
Number Activity SOs Description of the task Product Assesses? Marks Time
1.1. Demonstrate knowledge and understanding of formulae ) Peer 25 [30 min]
8 expanded 2 Application of formulae Calaculz;it(u:t;rtviz: nd not expanded
opportunity Estimations and making assumptions PP Educator | recorded | opportunity
1,2, | Formulate the hypothesis, describe the test and investigate, predict Correct prediction, Educator
9 1.2 the result hypothesis, testing, 15 30 min
3 Estimate calculation estimating Peer
1,2, Conduct experiment / Demonstrate Demonstration
10 1.3 Communicate results / State conclusion ) Educator 15 60 min
2 Scientific knowledge, concepts and principles used. Present diagrams
12 21 2 Represent chemical substances using chemical symbol and sketches Chemical diagram Educator 10 16 min
13~ 2.2 2 Represent chemical substances using symbol and chemical equation Balazzﬁgtci::: sm ical Educator 15 30 min
Complete table homework
15/16 23and 24 2 Interpretation of the graph 8+7 10min
Translation Activity 30 min
; [20 min]
16 25 Exp.a"?ed °p:°m:'ty 1 cleadvantaneieNwdro-elact Make a list Self / peer ; expanded
rainstorm advantages and disadvantages of hydro-electric power opportunity
e Educator 10 - Not .
20 3.1 2 Identifying concept on wetlands Concept map Peer recorded 20 min
21 3.2 2, 3,4 | Showing links between wetlands and cultural issues Poster or radio advert Educator 7 15 min
1,2, Formulate and investigation
22 3.3 4, 6, Identify the variables Investigation Educator 8 30 min
7,8 } Investigate efficacy of medicinal plant
Classification of plants and animals -
23 34 2,5 | Adaptations to habitat Understanding of Educator 15 30 min
. concepts
Food relations
1,2, Preparing for final presentation Written presentation 30 mi
24 4 5,6,9 | COMPLETE FINAL PRESENTATION AT HOME Making notes Educator 20 min

[120] marks

( ¢ ‘ ¥V NOLLJ3S X004 SNV #007 VO 6 3AVYO SN

saotpuaddy

9vC
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Let’s get started

Read the following introduction on Gariepviile and then complete the activities. Do them weli
and have fun! :

(Remember: these activities also prepare you for doing well in Section B)

< 6 } NS GRADE 9 CTA 2004: LEARNER'S BOOK SECTION A
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(€D Time: 40 min) R
(/ Marks: 84)

A strong flowing river falls over a waterfall into a wide deep valley. There is a small village in the
valley where a group of people have lived and buried their ancestors for hundreds of years. The
wetland that covers the floor of the valley supports a wide diversity of plants and animals. The
local community also exploits the riches the wetland provides. The small town of Gariepville, with
a population of about 2000 people, is situated on the banks of the river, a few kilometres down
river from the valley. Still further down the river farmers irrigate their land using river water. They
grow fruit. The farmers provide employment to hundreds of people from the local community that
lives in and around the town. An international mining company has found a large valuable
mineral deposit nearby. The company is proposing to the government that the government dams
the river by building a wall at the bottom of the valley. The government wants to use the water to
generate electricity. The mining company wants to use the water in the mining process.

To build a dam or not

You and your group of friends attend school in the town. You are aware of the tension and
confusion that this issue is causing amongst the people.

The government with its ongoing policy of consultation has agreed to a meeting in the town
hall at which the various interested parties can argue for or against the proposal to build the
dam. The following are the representatives of the interested parties.

Stakeholders

© Maria van Jaarsveldt, head of Fruit Farmers Association

© Andries Koopman, head of the Fruit Farm Workers' Union
© Mr Thomas Harrison, the manager of the international mining company
- ® Johannes Kok, the community leader of ‘the valley people’ who lives where it is proposed
that the dam should be built
© You, yourself, a learner from the local high school in the town, elected to represent your
fellow learners, being a future adult of Gariepville.
Activities

You will work in groups of 4 or 5 learners for most activities. However, you will often have to
submit your own written work at the end of the group activity. For the last activity each
member of the group must select to pretend to be one of the persons from the list of
interested parties. Your teacher may give members of the same interest groups (expert
groups) time to get together to help develop their presentations.

Time: 90 min
G/ Marks: 3@

We can generate electricity using the water we store in dams. This is because this water has
energy because of its height above the bottom of the dam (potential energy). Instead of letting
all the water run over the dam wall ,we let some run down large pipes. The water speeds up,
changing its potential energy into kinetic energy (energy of motion). This drives generators
and transfers the kinetic energy of the water into electricity that can do work like run motors or
provide heat.

' NS GRADE 9 CTA 2004: LEARNER’S BOOK SECTION A ‘ 7 J
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We can use the information we provide in Activity 1.1 to estimate that this dam can generate
15 MW of electric power. In Activity 1.1, which is an optional expanded opportunity, learners
can carry out this estimation.
?} Activity 1.1 EXPANDED OPPORTUNITY (marks not recorded*)
# Calculating electric power
Y%
\ K
T i\
25m : N\ (1]
’m ) H’} ‘\\ |
l . -‘ - %
M .—M’f’/
The river is 25 m wide with an average depth of 10 m with a flow rate of 0.2 m/s where the
river flows over the waterfall. The height of the wall of the proposed dam is greater than 30 m.
a) Answer the foliowing questions
1 What is the mass of a litre of water?
2 How many litres in a cubic meter?
3 What is the weight of 1 kilogram of water?
4 How much work must we do to lift a kilogram of water 30 m?
5 How much energy can be transferred to an electric generator by a litre of water
falling 30 m? _
b) Use this information to estimate the electrical power that can be generated using this dam.
c) Give any assumptions you make and show how you calculated your answer.
(25)*
/

Lﬂ
8 NS GRADE 9 CTA 2004: LEARNER’S BOOK SECTION A
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Table 1
My prediction My prediction My prediction
Bulb Lights up? Bulb Lights up? Buib Lights up?
YES /NO Bulb YES /NO YES / NO
A F K
B G L
C H M
D | N(1)
E J N(2)

b) Write a hypothesis that gives the general rule that you have used to decide which
light bulbs light up. You should be able to test your rule with an experiment. (8)

c) Describe how you can test your rule. (You can use a labelled sketch and a
circuit diagram together with a written explanation that refers to your diagram.) (7)

d) We can now estimate the number of households the power from this hydro-electric
scheme can supply if all the households draw their maximum power supply at the same
time. We will assume each household is allowed to draw 30 A at 200 V.

Power for one household: P=IV=30Ax200V =6 000 W = 6 kW
Power from hydro-electric plant = 15 MW = 15 000 kW

Number of households = 12.0000.kW . 5 544
6 000 kW
(1
This is more than enough power to supply the small town of Gariepville.

Wi Activity 1.3 Choosing connections for ( Time: 60 mnD
o4 lighting a home ( / Marks: @

You are supplied with three 3.8 V torch bulbs, copper connecting wires and two 1.5 V torch cells.

Work in a group.
a) Each member of the group should produce their own report in which they:

© give a sketch to show how to make a torch bulb light up.
© represent their sketch using a circuit diagram.

Each member of the group should carry out their plan to test their rule for making a torch
bulb light up.

© Demonstrate to your peers how to make a single torch bulb fight up using t_his
equipment and explain why your connection works. (5)

® Assess the other members of your group. Your teacher will give you the
sketch and the circuit and help you with the allocation of marks.

@NS GRADE 9 CTA 2004: LEARNER'S BOOK SECTION A
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Activity 1.2 Connecting in series and paraliel Time: 30 mirD
(Do this activity at home) ( 7/ Marks: |@

In order to understand the extent to which this dam can contribute to the electrical needs of
the country we will explore the electrical needs of Gariepville.

Look at the sketches of light bulbs, connectors and batteries labelied A to N(2) shown below.

a) Predict which of the following bulbs will light up. Wark on your own at home. Give your
prediction on Table 1 below the diagrams. Write down 'YES' or ‘NO' to indicate which
bulbs will light up.

Figure 1 '

Reference: Adapted from: M. Stanton, Student's alternative conceptions of the DC circuit - 3;
Spectrum October 1990, Volume 28 Number 4, p32.
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[

b) Each group demonstrates to their teacher the advantages and disadvantages of W

© Table of the results of the group demonstration. (5)
© States the group's decision as to the way to connect lights in a house.

. © Draws a circuit diagram for the lights of a house with four rooms. (5)
EXPANDED OPPORTUNITY

connecting bulbs in paraliel and in series for the lighting system of a house.

Each group member provides his / her own

Each group member provides his / her own calculations to show the effect of series and
paraliel connections on

© the current that flows through the battery
© the voltage of the battery required and
© the length of time a battery will last.

(For the purpose of these calculations work with 4 torch bulbs and assume they have a
fixed hot temperature resistance of 10 ohms and operate correctly with a voltage of 4.5 V
and a torch cell that can supply a charge of 4 Amp-hr.)
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(€D Time: 85 min) h
G/ Marks: 40)

The community in the valley burns candles for light and uses wood to cook and for heating.

» Activity 2: Burning up

Oxygen in the air is needed to burn any substance. When we use candles the substance that
burns is candle wax. We call candle wax and oxygen the reactants. The new substances that
form during the reaction are carbon dioxide and water vapour. We call these substances the
products of the reaction. There is a transfer of energy as light and heat during the reaction.

Activity 2.1 Representing chemical substances( Time: 15 mi@
using chemical symbois and sketches ( / Maris: @

We use symbols to represent the chemical formulae of molecules and compounds. For
example, using the key in Table 2 below, the sketch labelled ‘a’, represents an oxygen
molecule with the chemical formula ‘O,'"; and the sketch labelled 'b’ represents three molecules
of methane with the chemical formula ‘CH,’. We write this as ‘3CH,’".

K A
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~N
Table 2
Key: @ =Carbonatom-C b = Hydrogen atom - H
() =sulphur atom - S () = Oxygen atom - O
3 &@
)
d %S
g (P
: 7
I
a; Give the chemical formula for the representations labelled 'g to '
(e to f optional}. (5
&) Using the key in Table 2, represent the following chemical formulae using
sketcnes simiar (o those above
a H, b. C3, c. 300, d. C;H; (3]
.-‘f.gq‘

Methane is like the gas we find in gas cylinders. We can bum methane to cook. Methare has

the formula CH,.

Methane burns to produce carbon dioxide and water.

¥z can represent this reaction in three different ways. using.

& a word equation:
Methane + oxygen » water + carbon dioxide

® sketches, Lging the same key as in Table 2;

Activity 2.2: Representing chemical reactians
using symbols and chemical equations

(L Time: 30 min)
(./ Marks: li)

© B

€ @a ba‘anced chemical eguation: CH, + 20, — CO, + 2H;0

—>
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g) Butane {lighter fuel} also burns.

We can represent this reaction using sketches and the same key as in Table 2, as follaws:

1 What is the formula for butane? (1)

2 Copy and complete Table 3 for this reactian.

Table 3 {5)
Reactants Products
Hame af M. aof Mame af Mo of
Subslance No. of atoms motecules ESubstance b2 Sl mlecules
C C i O I H
TOTAL TOTAL I

3 Use the copy of Table 3 you have completed o help you write g balanced
equation for this reaction: {4)

bl Represent each of the following chemical reactions using

& words;
@ sketches. (For sketches, use the KEY pravided in Table 2); and
& a balanced chemical equatian

1 Sulphir burns in oxygen to form sulphur dioxide.
2 Carbon burns in alimited supply of oxygen ta form carbon monaxide. {Optlonal)

3 Propane {C-He) burns i air to form carbon dicxkide and water. (Opticnal) (5]
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Fr p= ™
: S, B o]
- %}} Activity 2.3: Burning woeod for cocking and L® Timest o ity
T3 heating (Do this activity at home) 4 g
L ol Mgl

Tne valley peopie do not have aceess to electricity, They meet most of their energy
requirements by burning wood. This can be dengerows if tne fire nas an inadequate supply of
oxygen as can nappen if the fire is indoors. |In tnese circumstances the fire produces the
poisonous gas carion monoxide whicn is often responsible for suffocating peopte during cold |
winter nignts. People who burm wood may also cut down trees to obkain their fusl,

Coal is a majeor source of our energy in South Africa. We burn coal in oxygen rich furnaces to :
produce elsctricity in power stations tnat are mostly in Mpumalanga. The coal we bumn
gontains Up to 5% sulphur and 10% asn. Ash is the major part of wnat we call smoke. Botn
smoke and sulphur dicxide are very bad for our health.

[ Use the four graphs below that give infermation about burning cozl and weed, then copy and
complete Table 4

If Table 4
Fuel Enesgy Mass used Mazz of 30, Mass of ash Carbar
praduced {kg) produced (T(Q]I praduced (kg) moncKide !
% produced :
! Coal in power 1 kWh Yasing ;
| station
Waad in 1 kWh Yesino
oper fire
(&)
Mass of ash versus Mass of fusl versus
4 energy preduced 'y energy produced
T i T T T T 17T
: - : wood
1 H T
0.015 e coal 06 =
— i F i X [I
(=]
=, 1 05 B : i
E } s ; !
m |
5 0o f £ 04 | a1 T
E wood ﬁ coal -
= : = g3
j &8 ] i ,
, 0.005 . 0.2 4 e
| HH = :
5: 1 ) "'I [ ] ;
| T 0.1 4 ]'
; - 1
1 i) | |
L 1 1 '._ " o 1 Ih"
1 2 Energy (KWh} 1 2 Energy {xwh)

l\_ |
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4 i
Mass of SO, versus Cost of energy using
nr ;
5, _Q‘ energy produced different fucls
= DO codlra TTTT1 L
® F o ang 1
g E wood by it electricity
- ;
- T .60 genera‘ed
o ¢ using coal
2 ¥ s
2 0. 7 a
Lo |
5 4
i = 040
= 4 ;
= # QA o)
1 >
Energy (kWh) ] |
0.20 Cos'
|. 4 :
i # 4
i : h
Energy {(KWh

36
@?} Activity 2.4: Comparing energy sources
E-"r

relevance how it is armanged, the headings and any units you use.

0
| } Activity 2.5 (EXPANDED OPPORTUNITY)

g

should make their own list of the outcomes of their brainstorm.

L@::i'l'imm 30 min

Q"_I;larksz 7

Imagine yourself in the position of the valley people and draw up a table that comparas the
advantages and disadvantages for these people of using different energy sources such as
burning coal, wood or gas, or using electricity. Use the information in the graphs and any
other relevant information. You will be given credit for the information you include, its

.'?"l

Work in groups and brainstorm the positives and negatives of using hydro-electric power in
South Africa as opposed to generaling electricity by buming coal. Each member of the graup
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S . —.
s “"5 Activity 3: (@ Time: 95 min
TA K . Destroying the wetland 67 ”ﬁ""“ 30

Read “The story of the threatenet wetlands’ we give below., Read about the mesting of the
pecple living in the valley and about the wetlands thal support their lifestyls,

The story of the threatened wetlands.

The community leader called his people to a mesting one evening He told them of plans an
international mining company hat to build a dam that wouit possibly flood their valley, their
village ant probably destroy their wetland. He became really concerned when he heard that
the gavernment liked the idea because they could use the dam to generate hydro-electric
power. He stood up and started the mesting by telling them & stary.

Traditional healer

Let
me tefl you abaut a community that was
almost destroved by the ficeds In Mozambigue in 2000,
Thay lived on the banks of a river below a new dam. As the dam
filled the water level level in the river dropped. When the community
complained, they were told that there was a drought and when the rains came the
river would flow strongly again. They watched as the watland ctied up and the fish dizd.
The reeds they depended on were disappearing, Eventually the rain came and everyane
was very happy. The darn started t2 fill vp and the acthorities promized to cpen the sivices of
the dam. The the river would soon run strengly again. They dreamt that their wetiands would
recover and that the fish, reeds and the hircs would return. But the plants in the wetlands had died
and the mud hac dried and baked hard, The trees hac become mere sticks in the ground. As o
contlnuze 10 rain the water rushed over where the wetlsnes usec to be. The rain continued. The
water rese up to their hames and the people were scarad but still the rain did not stop. Crops
were washed away. Homes were flooded. Animals drowned. Paople were stranded, There was
no facd and pecple became sick from drinking the pollutec water. Where the road had bean,
there was anly rushing brown water with its burden of flying stonas, trees and deac
animals. Hunger, thirst anc sickness drove soma peoplz to try to cross the river but
they too were swept away by the rushing water and drowned. The floods in
Mozambigue in 2000 mace hzadines acress the wend.
Environmentalists claimad the dams and tha resulting
. castuction of the wetlands were at least partly
to blame for the tragedy

WY GRADE & CTa J004; LESANER™S BIHK SECTION & i 1 ?J
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We
necd to remember how good cur valley

and its wetland has been o our ancestors over
hurdreds of yaars. We bensafit to this day because of the
responsible and sustainahle way our ancestors have preservad the
valley and its riches. We have never experenced flooding the way i
happerncd in Mozambique. The wetland holds back water during flcods and
relcases it during dry periods. Cur crops have nevar heen washed away.
Cur people have not been sick from drinking e water that our
wetland purifics of pollutants, moluding the heayvy metats from
the mincral processing plant up river and dissase -
causing bacteria and viruscs.

——

il will the
sodge that we use to make mats,
lefac and baskets also disappear if the
wetlands disappear?
i P G

/’/ "r’es and we will nat have
baskets and mats o scll in town nor will we
have sedge 1o make huts.

———

Elder g o B e

o

= Do not forget how the \\
wetland provides food for us, We are now

planming a rew fish trap that will trap only the \\
farge adult fish and allow the small juvenile
fish to escape without harm. /

TTm— —_

Fisherman |

T T e

SPEETE Yos, wi are -
harvosting the amadumbe plant that grows
in outr wetland. We are trying differcnt ways to cook
it. We are Iooking a recipo that tourists will

R aTjy.

—_— S

Young Worman

%
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Bo carefil
of tourism. Tourists do bring meney
that can create jobs and confribute toward the
upliftment of the community. Fowaver, the Last thing we
nzed is 2 dam. Apart frem flopd ing our wetlard and disturking
our bunial sites, the dam will bring speedbeats ard skiers. The
nmse will drive away ary remaining E'rds and animals. We need w
sUqpest a plan to encourage tourism that sustains our wetlands.
Lile 3 'While eco tourism is the answer, we need to marage it
5 carefully. [f we don't, the varicty of plarts, and birds and
animals for which all wetlands are famous willbe—
—gone, maybe forever. Our way of life
will be destroyed,

=L

Fiery young man

| raad in a
rewspaper that an international pharmaceutical company
iz to usc one of the mediciral plarts the Sar. people
discovered. The San stard to make a forfl.ne,

Middle aged man

=N - T

_——'—'_'_ -

That's a good s S
/ ||:Iea pbut we must make sure the benclits remair. \
i L7 community and we are rot expleited. We must alse plan
~—___. ‘tests and keep gnod records to show how effectve cur
i T« med cines are. ,_//

Older woman

Wheee in
tho wetland can | fird reeds for
noxt weeak's anr.ual"r'é-ga_

coremeny’?

Young girl dreaming
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e Y
It was late when they went to bed that night. The people were sure that they did not want to !
lose their watland, Vusi drifted off to sleep remembering the story of the serpent witn many
heads, the guardian of the wetlands. All his life Vusi had been taught to respect the wetiands
as the meeting place of iand and water. The wetiands are seen as an arez that represents the
transition between the matesizl and the spirituai world where ene's anceslors have a central
place. Vus! knew that his healtn and well-being depend on respect for one's ancestors wno
can cause botn good and bad fortune,

:'raad with the purpuaaf nf gmmohng priﬁaa‘m arrrgmlty andmspaﬁ far ymmg wgman

This text has been adapted fram the Mandi Wetlands Project baoklst titled Wetlands- water, fife, and !
cufiure develaped In partnershin with the Department of Environmental affairs and Tourism; Water !

: Affairs and Forestry and the Mational Depariment of Agricuiture. Also from the article: Wetlands —
! treasure troves in Disquize by Michels Nel)

“‘f@ Time: 20 rnin:;‘

\§§> Activity 3.1: Understanding concepts
related to wetlands (/ Harks 10 nnt recnrd@

Oraw a concept map that shows your understand ng of the concest 'wetland'

You will be given credit for;

g} your ahbility to draw a concest map (This Wil be assessed by the number and nature of the !
concepts, the links between the concepts, the linking words you Lse 1o show the
relationsnip between tne concepts as well as the direction of your arrows linking
concepts))

by your Lnderstanding of the concept ‘wetland' as used in this activity and revealed by your
cancept map

Cl  your knowledge of the benefits of wetiands as revezled by your concept map

g
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S ((CTimes 15 min) |
< £) i} Activity 3.2 The wetland and culture i e T '
v (/S Marks: 7 )
You have already identfies impattant concepts related ta a wetland, The way the people live
in the valiey will impact on the wetiand, ang wnat happens in the wetland wilt impact an the
pecple. We are patticularly inlerested in the iint between the watland and the culture of the |
pecple in the valley,

; Show your urderstanding of the link between the wetland and the cuiture of the people lving
in the valley by dong only ONE of the following;

a) Designing & poster

Outling the desan of a poster on an Ad page. The contents of the poster must show your |
understanting of the link betwesen the welland ane the culture of the people living in the
valley, You are not required to actually make the poster. The cesign of your poster will te
assessed against the following criteria:

Relevar content
incicating resources you may want o use

. ]
Fianning the message

Plarnirg layoul

Showing appropriate link petween cullure and wellands

OR L]

By Write a radic advedisement o
4
Yau are to write a racio advertisement that will be ared for half a minuke on your local
radic staton. You are not required ta present the advertisement. Use the following criteria
to nelp you write your advertizament:

relevant concepts on wetland neluden

orief and ta the point messags

not lorger than half 2 minute of arr time
. bghight important guitural issces and |inks

waciting and nterestng 1o listeners
LYou may want to present your advetisement to your peers culside of class tme, Dul you
will oniy te assesses on the soript of the acvertiserment you sebmit.)

i)

S | @
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Appendices

Activity 3.3: ldentifying and describing
an investigation

4

)
Identity & polental investigation from The story of the threatened wetlands and

Sl

wnie down the guestion the valley peaple should investigate;

1

2 give the variabie they should change,

3 give at least two variables \hey should control; and

the variable tney should measure in their investigation.

i

B el AU BELA
willz w i Sl gz ARy
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THE COMMON TASKS FOR ASSESSMENT (CTA)

L

' PROGRAMME ORGANISER: Sustainable Living
" FOCUS: Understanding the imporiance and funclions of water.

Note to the learner:

This CTA consists of a Section A and a Section B. This is seclion B,

SECTION B:

What you should know:

& You Wil complete Section B on your owe,

What you need:

© You may usk & caiculatar wnere necessary,

Duration:
@ 2 hours,

; i
Instructions:

& Foliow the instructions for each guestion carefuny.

& Write Your answera on a sgparate page.
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., Question I: .
" Planning the electrification of a house  ((/ Marks: 14)

266

Hans and his sisier Sally attend school in Ganepville. They live with thetr parents in the valley
next to the wetlands. Their parents keep cattle and goats and grow vegetables to meet the
needs of the family. They sell any extra vegetables in the town. One day the children leam
about electricity at school. They are excited to find out they canruna TV {12 V; 24 Wi from a
12 V car battery (with a capacity of 40 Amp-hour), When they armve home, they {ry to
persuade ther parents that they need to electrify their house. They tell their parents that they
will be able to operate low energy fiuorescent lighting {12 V; 12 W tubes) using 2 battery.
They claim this will mzke it easter for them to study. They tell their father he could even walch
soccer on a portable TV.

1.1 To convince their parents the two children draw 3 circuit diagram showing how they plan
to electrify the house. Draw a lzbelled creuit dizgram that the two children can use.
include the following in your diagram: swilches, battery, 4 lights (bulbs) and the TV. (4}

1.2 Canthe TV be connected in series with the light bulbs? Give two reasons for your

answer. (3}
1.3 Do you think the children can use the plug for the TV to beil water in a kettle
rated at 220 V; 1.5 kW AC? Give a reason for your answer. {2)
1.4 The chitdren priced what they need to carry out their plans.
TV {Z2nd hand) R100.0C | Solar battery charger R200.00
4 Flourescent bulbs | R3G.00 Switches; plug socket R50.00
Baftery R300.00 | Connectors - scrap 0

The children know their father has R 1000 which he keeps for emergencies.
Think of the circumstances in which these children live.

a. In one sentence advise the children as to what you believe they should do.
Should they, or should they not, buy these items?

b. In two or three sentences give the most important reason for your advice. {5)
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Question 2 An investigation (,/ Marks: 21)

To convince their parents that they know about electricity and the investigative method, the
children plan an investigation that they can use to show their knowledge and skilis. They
decide to show their parents that ‘pencil lead’ is a2 conductor of electncity which has eleclrical
resistance. This increases with an increase in the length of the piece of pencil lead.

267

They collect 6 new pencils. 2 of the pencils have 'hard lead' (lzabelled 2H), 2 'soft lead’ labelled
HB and 2 very soft lzao labelled 2B. They slit the pencils lengthwise o get the 'lead’ out
They also have 2H, HB and 2B ‘pencil lead’ for clutch pencils which are 0.5 mm and 0.7 mm
thick.

They borrow two electnical meters from their neighbour who works as an electncian. The
electrician sets {he cne meter fo reac curent in amps and the other to read potential
difference {or voltage) in volts.

They set up the circult as showrn in the sketch and record the results indicated in the table.

pencil lead

Symbols for parts of a circuit;

{ ! light bulb .@ voltmeter @ ammaeter
‘E ; Sl

— — rcesistor |. |. battery
Length of pencit Voltmeter Current Resistance = Vglﬁﬂﬁ:ren?
in circuit {em) Volts - (V) Amps (A} ohms (@)
1 20 0.42 0.28 1.2
2 5.0 0.5 0.25 3.0

3 7.5 0.89% 0.22 4.5

A TR 1 B i 1 g
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2.1 Describe a vanable that they should control (keep constant). ot (1)
22 Which variable do they change {independent variable)? (1)
23 Which vanables do they measure using meters? {(2)
24 Which varable do they caiculate? (1)
2.5 Which variable is the dependent variable in their investigation? (1)
2.6 Write down the matter they investigate. (2)

2.7 Descrbe, in writing, the method they follow {o answer the problem they are investigating.
Include a circuit diagram. (5)

2.8 Draw a graph of resistance against the length of the pencil iead included in the circuit.
Fully label the axes and give your graph a heading. (3)

2.9 Give the conclusion the children reach using the graph of their results.
{Give the conclusion in words and mathematical symbols.) (5)
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Question 3 Wetland in trouble! (,/ Marks: 20)

For many pecple wellands are always associated with dampness and disease. To these
people it is an advantage o clean up the wellands and use the water. With such attitudes in
common, it is not surprising that our communities do little to conserve wetlands. By 1996 it
was estimated that more than half of South Africa’s wetlands had disappearad.

Study the picture of "A Wetland in Trouble”. Then read the opinions of some of the people with
an interest in th:s wetland that follow.

L
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Stop the pollution!
Stop the famming! Move the shack dwellers out.
Restore the wetland te its original condition.

The clean water will once
again attract birds 2nd animals.
Promote eco-tourism

Leave us alone.
If any of the ideas these people suggest are tried,
they will chase us away and
we have no place to go.

Shack Dweller

| can use the wetiand io
extend my lands and the water 1o
irigate my crops.

Orain this smelly piace, and let
us use my brother to build houses for the
people living in these shacks.

Community
Leader

The wetland is only smelly
because of the polluticn. What we need is sustainable
cevelopment. If we restore the wetlanc, we can use it fo
generate income from farming, agriculture, bird watching and
fishing. We can even preserve a precious water
resource at the same time.

Officizt from the

department of
Environment Affairs

Qur children are not safe near
this wetland. They slways seem 1o be il
We think that the wetiang should be
drained.

| propose that we drain the
wetland and build a shopping mali.
The mall will provide job opportunities, convenient
shopping and entertainment
for young people.
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3.2

L

3.4

ARperdices 7]

Give four reasons for preserving watlands. The reasons you give should make
clear your understanding of what a wetland is,

One way we can describe the underlying problem which makes people a threat
to this wetland is the need people have for land, water and shelter.

Give four more problems threatening this wetland.

Choose one of the underlying problems that you gave in the answer
to part 3.2 and list three (or more) steps that you believe should be taken
to selve the problem.

There are & people taking part in the conversation about the wetland above.
Read their opinions and decide with which one of the people you agree most.
Identify that person (e.g. farmer, community leader, ...} and then describe,

in about two or three sentences, why you agree with their argument.

(8)

(4)

(3)

(5)
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Question 4 Wood or gas? (/ Marks: I@

-3
~]
[ gor)

Hans and Sally zlse set out to investigate the feasibility of using gas for heating and cooking
instead of wood.

Gas cylinders contain a mixture of gases including ethane and propane.

4.1 One of the ways we can represent the chemical reaction that occurs when ethane bums

is using a diagram. Look below for a diagram representing the reaction that occurs when
ethane burns.

reactants products
Key: O = ahydrogen atom-H
&

= an oxygen atom - O

a carbon atom - C

a. Study the following diagrams representing 3 different types and numbers of molecules

(&, B and C}. Use the key in the abgve diagram and give a formula for each. (4)
£l
Diagram of fe
(2 . -‘*}
molecule -
Formula | A B 2

b. Use tne key given with the diagram and write down a balanced equation for the
reaction that occurs when ethane bums. (4)

c. Balance the following equation. {Hint: make your own sketches if that helps.) (2)

MO + 0, — NEDS
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<2 An advertisement for 2 gas company contains the following graph.

Mass {kg)

Energy (kKWh)

a. Use the information in the graph to draw up a table giving the information
conveyed by the graph. You will be given credit for the data you include and
how you arrange it, as well as for the headings and any units you use. (4)

b. Use the graph given above, as well as the following two graphs and any other
relevant information you have, and

@ List one advantage and one disadvantage for the children's family of
using wood. (2)

© List one advantage and one disadvantage for the children's family of using
propane gas(2)

© List one more advantage or disadvantage for the family of using wood

or propane (1) (5)
Mass of ash versus Cost of energy to family
energy ;:-mduc.ed A using the ﬂ;ﬁerent fue!s

Mass of ash (kg)

/ —I_‘_"'"—'_"""’_'_H'—]_l_ "_'""' DFDDEI‘IE

it 2 e 1 2
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Question § Wetlands (,/ Marks: 6)

Smﬁy the graphs given below.
@  Graph A gives the rainfall in the area of the wetland.
©@ Graph B gives the concentration {mg/cr) of poison in the water of the wetland.

® Graph C gives a count of the total bird population in the area of the wetland

GRAPH A: Rainfall Patterns

120
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Rainfall mm
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GRAPH B: *Poison levels
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GRAPH C: Total number of birds
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The factory pumps out a large constant amount of poisen continuously into the wetland area,

e e o e MU P e b B

Explain the influence of the low rainfail in 2003/2004 on the bird population in particular,
and on the whole ecosystem in general.

(6}
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a )

ADDITIONAL BACKGROUND INFORMATION:

Below we give more detail and further background information for teachers to be able to confidently
explain all the issues even though it is not expected that many learners will give such answers.

Possible supporting arguments include:
The operating voltage is too low (1)

To work correctly the kettle requires 220 V to be applied across it. This is impractical but possible.
This would require more than eighteen 12 V batteries connected in series (12 x 18 = 216 V).

Issue of AC versus DC (1) (accept the answer: ‘No the battery is DC.’)

Since the element of a kettle is a resistor, to connect to a source of direct current as opposed to
alternating current will not cause a problem.

Energy requirements {1

Energy (W) used by a kettle to raise temperature of 2 £ water from 20°C to 100 °C — by 80 °C
(tell learners it takes 4 200 J to raise the temperature of 1 kg water 1 °C; this value is known
as the specific heat of water):

w= 4200J , ggec x 2kg= 672000
kg °C

(This is the minimum energy to boil water in kettle once.)

The total energy (W) in a 12V, 40 Amp-h battery
W =40 Amp-h x 12 V:

w;40% x h x 80min_, 60s x12V:4OCx60x60x12é=1728000J

h min

No. of iimes the battery will boil water: No. = 16;3 0(())80 = 2.6 times

One 12V, 40 Amp-h battery can only supply the energy required by the kettle to boil water twice
before the battery needs to be recharged!

Issues of time (1)
How long would it take a 12 V, 40 Amp-hr battery to boil 2 fwater in a 1.5 kW 220 V kettle?

Resistance of the kettle:

fromP=Wandl=Y=p=Y andr=¥= 220°- 35 ohms
R R P 1500

Time to boil 2 _ water in this kettle:

fromW=IVtand 1 =¥ =t = WR 504 1= 872000 32 . 450 gpos
R Ve 122

or 2500 min = 42 h (The water would warm up so slowly that it would probably never reach boiling
point.)

’ NS GRADE 9 CTA 2004: MEMORANDUM @
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/

Issues of Current

Current would not be a problem — a car battery can supply very large currents for a short time.

Rubric for marking 1.2 and 1.3

NSSOS: Use their knowledge of electricity to decide whether a TV and bulb can be connected in series
to a 12 V battery. Use their knowledge of electricity to decide whether a 1.5 kW; 220 V AC kettle can be
effectively operated using a 12 V DC battery with a capacity of 40 Amp-hour. {AC 6 - Reasons for the
decision are communicated.)

MARK ACCORDING TO THE MEMORANDUM ABOVE. The rubric shows how the marks attempt to
link to a rate of achievement of the outcome.

% Description of rating
1 <35 0-1 1 answer or 1 reason is correct.
2 35-39 2 2 answers correct or 1 answer and 1 reason correct.
3 40-69 - 3 2 answers correct and 1 reason is correct.
4 >70 4-5 2 answers correct and between 2 and 3 reasons correct.

1.4 The children priced what they need to carry out their plans.

The children know their father has R 1000 saved which he keeps for emergencies. Think of the
circumstances in which these children live. '

a. in one sentence advise the children as to what you believe they should do.

Buy the battery, bulbs, TV, Do not buy the battery, buibs, TV,

~

b. in two or three sentences give the most important reason for your advice.

Buy Do not buy

1 Allowing the children install and run this 1 TVis a luxury they cannot afford
system will give them self confidence

2 The children will have light with which to 2 They cannot afford recharging and
study maintenance

3 It gives the children responsibility 3 They have managed without light and TV

4 Parents show trust in the children 4 TV is anti social, they will stop talking to

friends

5 Improvements in living standards wiil lead 5 They will have to work harder to make more
to a desire for more improvement and money to maintain the new life style
innovation and harder work

6 Light means the day can be extended, 6 They will have no money for emergencies
productive study and work can be
undertaken after dark — they can recoup

- their father’s R 1000 and make more

7 TV means exposure to new ideas, new
knowledge.

o \
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MARK ACCORDING TO THE RUBRIC BELOW.

Rubric for marking 1.4

(5)

NSS09 Demonstrate an understanding of the interaction between the natural sciences and socio-
economic developments. {(AC 2 - The way in which scientific and technological developments have

changed the lives of people analysed.)

%

Description of rating

1 <35

Decision given — to buy or not to buy

35-39

Decision and reason given that do not necessarily correlate.

40-69

Decision and 1 reason given that correlate.

SN

>70

Decision and 2 or 3 reasons given that correlate.

(14]

Question 2 An investigation

2.1 Describe a variable that they should contral. (1)

The thickness of the pencil lead.

The type (hardness) of the pencil lead.

QOther.

2.2 Which variable will they change?

M

The lengih of the piece of pencil lead connected in the circuit.

2.3 Which variable(s) will they measure? (2)
Voltage across the pencil lead and
the current through the pencil lead.

2.4 Which variable do they calculate? ~ (1)

The resistance.

2.5 Which variable is the dependent variable? (1)

The resistance.

2.6 Write down the question they wish to investigate. {2)
How is the resistance v of ‘pencil lead’ affected v by its length /7
One v correct answer gives 1 mark, for two marks the learner must get all three .

MARK ACCORDING TO THE MEMORANDUM ABOVE. The rubric shows how the marks attempt to
link to a rate of achievement of the outcome.

Rubric for marking 2.1 to 2.6 A
NSSO1 Process skills (AC 2 — Investigative question formulated and variables to be controlled identified.)

% Description of rating
1 <35 0-2 Identifies up to two variables of a particular type
2 35-39 3 ldentifies up to three variables of a particular type
3 - 40-69 4-5 Identifies up to four variables of a particular type or formulates
the investigative question satisfactorily
4 >70 6-8 Identifies up to four variables of a particular type and formulates
the investigative question satisfactorily

\
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2.7 Describe, in writing, the method they should foilow to answer the question they are investigating.
Include a circuit diagram.

MARKING:
MARK THE CIRCUIT DIAGRAM Illk
ACCORDING TO THE MEMO BELOW: I

Draw a circuit diagram
There is a complete circuit. (1) ® CAD

The battery, ammeter and bulb are in series
with the resistor. (1)

pencil lead / resistor

The voltmeter is across and in parallel with
the ‘pencil lead' resistor. (1)

One correct answer gives 1 mark; /V\
for two marks must get all three answers U
correct. (2)

NSSO1 Process skills (AC 2 ~ A plan of action is formulated.)

MARK THE DESCRIPTION OF THE METHOD ACCORDING TO THE MEMO BELOW
(1 mark per point up to a maximum of 3):

Method for the investigation.
1 Vary the length of ‘pencil lead' in the circuit (change input variabie); (1)

2 Control variables e.g. ensure the hardness and thickness of the pencil lead is
always the same. (1)

3 Take voltmeter and ammeter readings; i.e. Record/ measure output variable
(resistance is the ratio of V to 1) (1) (%)

2.8 Draw a graph

MEMO FOR MARKING GRAPH Resistance against length of ‘pencil lead’
A
Correct labels give (1) mark, viz. at least two of * 10,0
()
*Appropriate heading 8,0
*Appropriate label on ‘x-axis’ and 'y-axis’ 8 60
Appropriate unit on ‘x-axis’ and 'y- axis ke 20 e
@ B
Suitable scales on ‘x-axis’ and ‘y- axis’ M =
. 2,0
Points plotted correctly and draws straight L]
line (1) 0 >
0 2.0 4.0 6.0 80 100
length {cm)
2.9 _ State a conclusion (3)

We do this by answering the question we were investigating, using the results we found from our
experiment.

1 The greater the length of the ‘pencil lead’, the greater the resistance of the ‘pencil lead’ (1 only)

) 4
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2 Resistance of the ‘pencil lead’ is directly proportional to the length of the 'pencil lead'.
Relationship in words (2 only)

3 Resistance of the ‘pencil lead’ is directly proportional to the length of the ‘pencil lead’ provided
the thickness, the type and the temperature are kept constant. Relationship in words plus

conditions (3 only)
4 R pencii lead a (length of pencil lead) (a relationship in symbois) (+1)
5 R pencil lead = 0.6 (length of pencil lead) (an equation) (+2)

This means a learner who gives 3 and 5 gets 5/5; 3 and 4 gets 4/5, See the rubric for more
guidance.

MARK ACCORDING TO THE MEMORANDUM ABOVE.
The rubric shows how the marks attempt to link to a rate of achievement of the outcome.

% Description of rating
1 <35 0-1 Describes a trend
2 35-39 2 Gives the relationship in one way (words)
3 40-69 3 Relationship in words and symbols, but no equation
4 >70 4-5 Relationship in words, plus conditions, plus equation (5)

Question 3 Wetland in trouble!

73.1 Give reasons for preserving wetlands. The reasons you give should make clear your
understanding of what a wetland is.

-

NSSO2: Acquired knowledge. What are wetlands and what are the reasons for preserving them?
(AC 2 — Demonstrate an understanding of the concept ‘wetland’.)

MEMO FOR MARKING REASONS FOR PRESERVING WETLANDS (possible responses)
1 Wetlands are water traps that help prevent flooding (1) and Nature’s water filter (1)

2 Places that maintain biodiversity (2); OR (1 for each — to @ maximum of 2 for) preserve: plants
(1), birds (1), fish (1), animals specific to the wetland environment (1)

3 Provide unigue types of recreational activities (2); OR (1 for each — to a maximum of 2 for);
hiking (1), bird watching (1), fishing (1), boating (1}, any other correct answer (1)...

4 A source of unique products — e.g. sedges (2); OR (1 for each - to a maximum of 2 for);
(baskets (1), mats (1), house building material (1), any other correct answer (1)...

5 Economic activity (2); OR (1 for each — to a maximum of 2 for); mats (1), baskets (1), fishing
(1), tourism (1), medicines (1), any other correct answer (1)...

6 Food source (2); OR (1 for each — to a maximum of 2 for); plants (1), animals (1), fish (1), any
other correct answer (1)...

7 Culturally related activities(2); OR (1 for each — to a maximum of 2 for); reed dance (1),
medicine (1), any other correct answer (1)...

2 marks for each of points 1 to 7 {or any other valid point) to a maximum of four points and 8
marks. (8)

NS GRADE 9 CTA 2004: MEMORAND(@
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/

3.2 One way we can describe the underlying problem that makes people a threat to this wetland is
the need people have for land, water and shelter.

Give 4 problems threatening this wetland. (Four additional (to people’s need for land, shelter and
water) threats to this wetland.)

MEMOC FOR MARKING - GIVE ONE MARK FCR A CLEAR STATEMENT OF EACH PROBLEM
IDENTIFIED

1 Chemical pollution; economic development, industrial development leads to more factories and
pollution from factories — industrial waste and chemical impurities; poisonous substances
dumped into the water

Contamination with nitrogen rich fertilizers running off agricuitural land causing growth of algae

Contamination with pesticides running off agricultural land and poisoning the water

Invasion by animais, farm and domestic

2
3
4 [nvasion by exctic plants which drain the wetland of water
5
6

The draining of the wetland (drying up the wetland) The need for jobs and increasing industrial
output also increases use of water by industry, which already uses mere water than
agriculture. This creates a threat to use the water.

7 The draining of the wetland (drying up the wetland) The need for increased food production, a
need for more farming, a need for more water and increased irrigation, creates a threat to
drain the wetland of its water.

8 Biologicai pallution, untreated sewage, dead animal and vegetable matter in quantities with
which the wetland cannot cope

9 Invasion by humans Increased need for diverse recreational opportunities — possibility that the
wetland can be over run by fisherman, boatman, birdwatchers, hikers, ...

10 Any other correct answer
(4)

3.3 Choose one of the underlying problems that you gave in the answer to part 3.2 and list three
{or more) steps that you believe should be taken to solve the probiem.

Three steps to soive the problem

MEMOQ FOR MARKING - GIVE ONE MARK FOR A CLEAR STATEMENT OF EACH STEP TO
SOLVING THE PROBLEM

EXAMPLE: Underlying problem selected: industrial pollution

Three ways to solve the underlying problem;

1 Law: Ensure that there are laws in place to stop dumping of waste of any kind into wetiand, this
includes certain pesticides by farmers;

2 Pailicing; Need for policing to enforce the laws

3 Resources to police — a programme of ongoing water testing for chemical and biological
contamination as well as water quality; on site inspections to ensure no dumping,

4 Prevention; Need for chemical plants to remove chemical impurities and for biclogical
purification piants to treat plant and animal waste so that they do not get into the water in the
first place.

\
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h

=dycation: Change pecple's atitudes — pravide information and gncourage responsioie dss of
wetlanos by industrialists i

g Any ather
(3
3.4 There arg 8 people taking car in the conversation acout the wetland acove. Read therr cpimons
and decige with whizh person vou agree mest, Identify that nersco {=.g. Tarmer, community
leader, ..} and iban dascribe, in about twa or three sentences, why you agree with their argumant.
(3}
MARK USING THE RUBRIC
Fueric far marking 3.4
%5505 Use scientitic knowledge o susport respansione decisian-making, Learmers arg niven the
apoorunity 1o identify with the respansibie decisicn ang justify their cheice, (AC S & 6 —
Alternatives ate considered and reascns for decisions communicated |
MEMD — CRITZAEIA D USE TG ASEEEE THE LEARNER'S RESFOKEE
The salutions the sight peooie propese vary according 1o
O The extent o which they themselves beneit
& Tha number of peopie that will bensafit
& [he extent to which (bey propose a short or leng term salution
MEMT Fossibie answar This answer is worth 515
Person with whom | agrae mest Cifician from D24
Fegzons fof agraeing with ciicial fremgthe CERA
1 Sumainable davelcoment is the ey — long erm
2 Mast oenpie comea out winnq/r's-’— itis @ sehsicle ct’fépmmise.
SMEMT - MARKING: Usa the reasans the izamer gives for igentifying wilh the parlicular werson to
give them a particular rating on the rubric.
Y Descriptian of rating
The learner identifigs with a sclusicn hat benelits |,
: <35 0-1 oniy the crapeser and is short term (e.g. farmer, community leader)
2 JE238 z the preposer ard ane or two more and s shert term (2., business
woman, mcther;
3 40-59 3 the oroposzer and cne or twa mare anc has leng term possibilities
ie.q, birdwalcher)
4 =70 45 many diferent inferest groups and 1= really ong term (e.g. UEA ;
afficial) ]'
[20]

:
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# Question 4 Wood and Gas

4.1 EStugy the following dizgram representing the reaction that occurs when ethane burns

a. Write a farmula to represent the skeiches of muelecules in the {gbie below,

a nydrogen atom - H

i

; f“:? ) 2 & carbon atem - C
reactants = an oxygen atom - O
MESDZ: Demanstrate an anoersianding of chemical formulae. id]
Ciagram cf ﬂ
molgcuie
S
Formula {C) Cotl:

L. Write down a balanced equation that occurs whan athane Durns.
ZCHw o+ T 40+ gHD

1 mark for each coefficcent fie 2. 7. 4 and £ sach receive | marx]

(4)
o, Batance e fallowing aduatian.
AHND + )ﬁD:L: 200
1 for one eiement balanced; 2 for Balancing N ang O
(2}

4,2 An advertisament for the gas company goataing a grash,
a. Draw up a table giving the :niormation in the graph.

MERD - ANSWER

Wass of Various Substance with an Energy Content of 1 k'wh

i Substance Energy ! kWh I Mass £ kg l.
i Propane : ' 0.08
il Coal 2 ; 018
. Woad 1 | 0.50

RE GRALT 3 CTa 2002, wFaliaRLts
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NSSO1: Demonstrate the skill required to draw up a table from a graph.

1 Appropriate columns used and headings are identified

and

Appropriate rows used and titles are identified

2 The correct units are used with headings (1)

3 All three data points are correct (1)

4 The table has an appropriate heading. (1)

(1)

(4)

b. Use the graph given above, as well as the two graphs below and any other relevant information
you have, to answer the following question.

List the advantages and disadvantages for the children’s family of using wood or propane gas

for heating and cooking.

NSSO1: AC 5 Data are analysed, evaluated and interpreted

MEMO - POSSIBLE ANSWERS

The change - family from using wood to using gas (propane)

MARKING

Advantages Disadvantages
Wood Propane gas Wood Propane gas
1 Mass required Small large
2 Cost nil Expensive
3 Convenience _Available Coliection time
4 Cleanliness No ash Ash
5 Poilution No smoke Smoke
6 Safety Safe Safe
7 Equipment None Cylinder, cooker,
8 Time of use Quick Slow
9 Storage Little space Dry space
10 Versatility Heat, light,
refrigeration, Heat only

11 Any other )

<

1 mark per advantage / disadvantage for wood or gas to a maximum of 5

e.g. This answer is worth 5/5

Disadvantages of propane are expense (1), need for extra equipment, cylinder, gas cooker, (1)

Advantages of wood are cost (nil — collect in veld) (1), no extra equipment needed (1)

Disadvantage of wood is the time to collect (1)

G

7
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o

Use the information given above to explain the link between the influence of the low rainfall in
2003/2004 and the bird population, as well as its influence on the whole eccsystem.

Possible answers

Low rainfall causes less water in the wetland area. (1)

Poisons will become more concentrated (1) with the continuous flow of waste
(same quantity of poison) (1) from the factory into the wetiand area.

Higher concentrations of poison in the water will mean animals drinking the same quantity of water
consume more poison. (1)

More poison will lead to the death of small animals (1).
Less food will be available in the food chain. (1)
More poison will accumulate in secondary consumers (1).

This leads to the decrease in numbers of secondary consumers like birds (They may die; (1) birds will
be affected first and they might migrate (1).)

The whole ecosystem will be disturbed (1). Algae might increase, using up more oxygen in the water,
primary consumers will disappear leading to a complete collapse in the ecosystem.

Man will also be affected negatively.

MARK ACCORDING TO THE MEMORANDUM ABOVE. 1 mark per point to a maximum of 6. The
rubric shows how the marks attempt to link to a rate of achievement of the outcome,

Rubric for question 5 {6)
Level Marks Level descriptors
1 <35 0-2 Able to read and interpret up to two of the graphs but makes no

plausible links between the graphs.

2 35-39 3 Able to read and interpret the 3 graphs but makes no plausibie
links between the graphs. Provides no supporting arguments.
Unable to draw conclusions.

3 40-69 4 Is able to read and interpret the graphs and make at least one
relevant and plausible link between two of the graphs.

4 >70 5-6 Is able to read, interpret graphs correctly. Provide a plausible
explanation and can draw conclusions. Able to structure an
argument to support his answer.

12
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APPENDIX 2

CLASSIFICATION OF THE SEVENTEEN
PROCESS SKILLS, LEARNING OUTCOMES
AND ASSESSMENT STANDARDS
PRESENT IN THE NATURAL SCIENCE
COMMON TASKS FOR ASSESSMENT (CTA)
GRADE 9 : 2004
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Table 3.1: Classification of the 25 CTA (2004) items according to process skills,
outcomes and assessment standards.

Item | Learning RNCS RNCS
QOutcomes Process Skills Assessment Standards
1.1 LO1 Communicating science
information,
e.g. constructing a circuit by
using information given, i.e
the switches, battery, four =
light bulbs and the T.V
LO2 The learner recalls meaningful The learner recalls previous
nformation (intellectual skill) knowledge, e.g. based on
previous knowledge, the
learner is able to connect
bulbs in parallel and to draw
a circuit (9.2.1).
Application, e.g. the learner
uses knowledge of circuits to
draw a labeled circuit diagram
(unfamiliar problems) (9.2.4).
1.2 1.O2 Decision making The learner recalls
meaningful information, e.g.
the learner recalls knowledge
Recall meaningful information of parallel and series
(intellectual skill) connections learnt in class
©3.D.
Application of knowledge,
e.g. the learner applies
knowledge of electricity,
1.e. series or parallel
connection with light bulbs
and T.V. (9.2.4).
1.3 LO2 Decision making The learner recalls
Recall meaningful information meaningful information, ¢.g.
(intellectual skill) learner has to know
something about voltage and
alternating current (9.2.1).
Interpreting information, e.g.
learner has to interpret the
jrassage that has been given
on the different appliances
and voltage used in order to
make a decision (9.2.3).
1.4 LO1 Interpreting information The learner evaluates data and
Observing and comparing communicates findings, i.e.
learner makes sense of the
expenses to be made to
purchase the appliances and
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Decision making i.e. learners
have to decide whether to use
the items or not, taking into
account their father’s financial
position.

decides whether it is a good or
bad thing in the interest of the
family (9.12).
Education should help
learners to become problem
solvers.

2.1

LO1

LO2

Planmning science invesiigaiions,

e.g. describing a variable that
they should control,.1.e.
identifying variables.

Classifying and sorting, i.e.

leamner sorts and classifies the

different variables used during
the investigation.

Interpreting information e.g the
learner is able to make sense of
the written paragraph by
describing which variable
needs to be controlled.

Plamming science
mvestigations,

1.¢. learner effectively
controls at least one
variable during data
collection (9.1.2).

Plans a procedure to test
predictions or hypothesis,
with control of an interfering
variable (9.1.1).

22

LO1

LO2

Planning science
investigations e.g. planning
how to change one variable
and keep the other constant
(hypothesising inferrered)

Interpreting information
¢.g. to interpret information
from the table to decide predict
which variable will change.
(hypothesising inferred)

Conducts investigations i.e.
Iearner has to decide which
variable they have to change
(9.1.2).

Interprets information by
extrapolating from patterns in
tables to predict how one
variable will change (9.2.3).
Interpreting information

¢.g. to interpret information
from the table in order to
predict which variable will
change.

23

LO1

Planning science investigations
e.g. choosing the variables
that they have to measurei.e.
identifying variables

Plans investigations i.e.
identifies the variables that
they have to measure ( 9.1.1).
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LO2

Interpreting information e.g .
learner has to make sense of
information given in order to
choose the variable that needs
to be measured

(hypothesizing is inferred)

Interpreting information

e.g. to interpret information
from the table in order to
predict which variable needs
to be measured (9.2.3).

24

LO1

LO2

Planning science investigations
e.g. deciding which variable
should be calculated
Hypotesising is inferred

Interpreting information e.g.
learner has to make sense of
information given to choose
which variable to calculate

Plans investigations i.e.
identifies the variables that
they have to calculate ( 9.1.3).

Interpreting information

e.g. to interpret information
from the table in order to
predict which variable needs
to be calculated (9.2.3).

2.5

LO1

LO2

Planning science investigations
e.g deciding which variable is
the dependent variable
(resistance)

Interpreting information e.g.
learner has to make sense of
information given to identify
the dependent variable

Plans investigations i.¢.
identifies the variables that
they have to measure( 9.13).

Interpreting information e.g.
learner has to make sense of
information given to identify
the dependent variable (9.2.3).
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2.6 LO1 e Planning science investigations Planning science
e.g learner clarifies focus investigations e.g. learner
question for investigation clarifies focus question for
i.e. how is the resistance of the investigation (9.1.1).
‘pencil lead’ affected by its
length?
Loz * Interpretmg information Interpreting information
e.g. making sense of the .
information to write down ¢8. 1eam§r ha? to interpret
information given by the
the matter to be . . e .
X . O investigation in order to give
investigated 1. raising ; . o
. L2 the aim of the investigation
questions about a situation (9.2.3)
e Raising questions about a
situation e.g. how is the
resistance of ‘pencil lead’
affected by its length?
2.7 LO1 ¢ Planning science investigations Planning science
e.g. developing a method for Investigations e.g. writing
the imvestigation down thw method for the
investigation (9.1.2).
LO2 e Interpreting information Interpreting information e.g.
e.g using the given information learner has to interpret
to describe a method to be used information given by the
i.e. Vary length of pencil lead; investigation in order to be
control variables taking; able to write down the method
voltmeter and ammeter (9.2.3).
readings.
¢ Communicating science
information e.g. constructing a
circuit diagram in describing
the method used in answering
the problem they wish to
investigate i.e. how is the
resistance of “pencil lead”
affected by its length?
2.8 LO1 e Planning science investigations Evaluates data and
e.g. learner draws a graph of communicates findings i.e.
resistance against the length of learner presents data in
the pencil lead to represent the suitable form to show trends
data and patterns (9.1.3).
LO2

Communicating science
information e.g. drawing a
graph of resistance against
the length of the pencil lead

Recording information
e.g. learner uses a graph to
represent the data given.

Interpreting information i.e.
translates tables into line
graphs (9.2.3).
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»  Applies knowledge i.e. e Applies knowledge: applies
learner uses knowledge of principles and links relevant
wetlands and applies it to concepts to generate solutions
the particular question to somewhat unfamiliar
problems
(92.4).

¢ Problem solving i.e. learner has
to identify four more problems | ¢  Understands the sustainable
that 1s a threat to the wetlands use of the earth’s resources

i.e learner responds

appropriately to knowledge

about the use of resources and

environmental impacts

(9.3.2).
e )
3.3
e Applies knowledge i.¢ o Interprets information
learner uses knowledge 1.e.generates OWN sentences
of wetlands and applies it to (9.2.3).

the particular question

e  Understands the sustainable
use of the earth’s resources 1.€
learner responds appropriately
to knowledge about the use of
resources and environmental
impacts (9.3.2).

¢ Problem solving i.e. learner has
to decide on three steps that
should be taken to solve the
identified problem.
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29 1.O1 Communicating science Evaluates data and
information e.g learners reports communicates findings i.e.
on the investigation by drawing seeks patterns and trends in
a conclusion the data collected and
generalisie in terms of
simple principles (9.1.3).

Application of a formula, i.e.

proportionality. s Interprets information i.e.
by identifying relationships
between variables from
tables and graphs of data

LO2 (9.2.3).
' Interpreting information

e.g.making an inference from

given information from the

experiment i.e. the graph of

resistance against the length

of the pencil lead and the table

to draw a conclusion

3.1 LO2 1;;0311 m;amngfu] Recall meaningful
ormation e.g. learner / . .
has the opDOMMItY 1o information when it is needed
pportunity (9.2.1)
recall information on wetlands. T

Interpreting information e.g.

learner has to explain in his Interpreting information

or her own words reasons :

for preserving the wetland Le. own Zergences areg 23

Sorting information ¢.g. learner generated from fext (9.2.3)

has to sort out the information

given.

LO3 Problem solving e.g. learner is
le to give reasons for : ‘

able to give reasons 1o Understands the sustainable

preserving the wetlands use of the earth’s
resources 1.e.learner
responds appropriately to
knowledge about the use
of resources and environment
mpacts (9.3.2).

32 LO2 Interpreting information e.g. Interpreting information i.e.

changing the form of
information, from the picture
given portraying the problems
threatening the wetland mto
sentences

Recall meaningful
information

learner generates own
sentences from text (9.2.3).

Recall meaningful
information when it is needed
9.2.1).
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4.2a LO1 e Sorting and classifying ¢ Evaluates data and
o Communicating science communicates findings i.e.
information 1.e. learner presents data in suitable forms
translates the information given m order to show trends and
by the graph into a table. patterns (9.1.3).

e Interpreting information i.e.
learner changes form of
information to another form
1.¢ from line graph to table form

42bl | LO1 e Interpreting information. e.g. | o Evaluates data and
The learner makes an inference communicates findings
by using the given information
1.¢. listing one advantage and
disadvantage for the children’s
family for using wood

o Evaluates data 1.e. learner has
to evaluate the line graph in
order to list the advantage or
disadvantage for the children’s
family for using wood

LO2 o Interpreting information. e.g | ® Interprets informationi.e.
The learner makes an inference interprets information by
by using the given information translating line graphs into
i.e. listing one advantage and text (9.2.3)

disadvantage for the children’s

family for using propane gas
LO1
¢ Evaluates data and

¢ Evaluates data i.e. learner has communicates finding (9.1.3)

to evaluate the line graph in
order to list the advantage or
disadvantage for the children’s
family for using propane gas

42b2 | LOI1 e Interpreting information. e.g.
The learner makes an inference
by using the given information
1.e. listing one more advantage
or disadvantage for the
children’s family for using
propane or wood.

¢ Evaluates data i.e. learner has
to evaluate the line graph in
order to one more advantage or
disadvantage for the children’s
family for using propane or
wood

LO2 ¢ Interprets inforination i.e.
interprets information by
translating line graphs into
text (9.2.3)

42b3 | LO1 e Interpreting information e.g.

The learner makes an inference

by using the given information

i.e. listing one more advantage

or disadvantage for the

children’s family for using

propane or wood.
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P.)
N

LO2

s Interpreting information i.c.
learner reads through the
passage given and after his /her
interpretation of the passage,
has to decide with which one
he/she agrees most

e Justifying an argument i.e.
learner has to choose the person
that he/she agrees with most
and has to justify their choice.

Interprets information i.e.
generates Own sentences
(9.2.3).

Applies knowledge i.e. apples
principlesw and links relevant
concepts to generate solutions
to somewhat unfamiliar
problems (9.2 .4).

Understands science as a
human endeavour i.e.
recognizes differences in
explanations offered by the
Natural Sciences Learning
Area and other systems of
explanation 1.e identifies
sources and nature of
authority in two differing
explanations for an event
(9.3.1).

Understands sustainable use
of earth’s resources: responds
appropriately to use of
resources and environmental
aspects (9.3.2).

4.1a

4.1b

4 1c

LO2

LO2

LO2

+ Interpreting information e.g the
learner uses what has been
given to him/her ie. the
diagrams with the atoms, the
learner will be able to use the
key to develop a formula for
each molecule.

e Recalling meaningful
information e.g. learner
has to know what the ethane
formula is from section A
and to understand what
occurs when ethane burns
1.€ use oxygen.

e Applies knowledge i.e learner
uses the key given with the
diagram to write down a
balanced equation for the
reaction that occurs when
ethane burns.

e  Applies knowiedge

Recalls meaningful
mformation i.e at the
minimum, learner recalls
principles, processes and
models (9.2.1).

Recalls meaningful
information i.e at the
minimum, learner recalls
principles, processes and
models (9.2.1).

Applies knowledge i.e applies
principles and links relevant
concepts to generate solutions
to somewhat unfamiliar
problems (9.2.4).

Applies knowledge i.e applies
principles and links relevant
concepts to generate solutions
to somewhat unfamiliar
problems (9.2.4).
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. 1L.O2

Evaluates data i.e. learner has
to evaluate the line graph in
order to give one more
advantage or disadvantage for
the children’s family for using
propane or wood.

The learner interprets
information i.e. interprets
information by translating line
graphs nto text (9.2.3)

|93}

Interpreting information 1ie.
learner makes an inference after
evaluating the graphs.

Communicating science
information i.e. leamners use the
line graphs to be able to list one
more advantage or
disadvantage for the children’s
family for using propane or
wood.

Interpreting information 1i.e.
leamer makes an inference after
evaluating the graphs.

Evaluates data and
communicates finding (9.1.3)

Interprets information i.c.
interprets information by
translating line graphs into
text (9.2.3)

Applies knowledge i.c.
learner applies principles and
links relevant concepts to
generate solutions to
somewhat unfamiliar
problems (9.2.4)

Understands sustainable use
of the earth’s resources (9.3.2)
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APPENDIX 3

GRADE 9 LEARNERS” MEAN SCORES
FOR EACH ITEM (PILOT STUDY)
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Descriptive Statistics (PILOT STUDY 3 SCHOOLS)

Variable | Valid N Mean Minimum | Maximum | Std.Dev.

Q1.1 511 1.37 0.00 4.00 1.45
Q1.2 511 1.17 0.00 3.00 1.13
Q1.3 511 1.21 0.00 2.00 0.87
Q1.4 511 2.18 0.00 5.00 1.32
Q2.1 511 0.20 0.00 1.00 0.40
Q2.2 511 0.32 0.00 1.00 0.47
Q2.3 511 0.61 0.00 2.00 0.86
Q24 511 0.45 0.00 1.00 0.50
Q2.5 511 0.21 0.00 1.00 0.41
Q2.6 511 0.46 0.00 2.00 0.73
Q2.7 511 0.80 0.00 4.00 1.02
Q2.8 511 1.01 0.00 3.00 1.27
Q2.9 511 1.61 0.00 5.00 2.13
Q3.1 511 3.75 0.00 8.00 3.07
Q32 511 1.77 0.00 4.00 1.37
Q3.3 511 1.31 0.00 3.00 1.16
Q3.4 511 2.04 0.00 5.00 1.44
Q4.1a 511 1.62 0.00 4.00 1.35
Q4.1b 511 0.98 0.00 4.00 1.61
Q4.1c 511 0.45 0.00 2.00 0.80
Q4.2a 511 1.43 0.00 4.00 1.49
Q4.2b1 511 0.87 0.00 2.00 0.91
Q4.2b2 511 0.76 0.00 2.00 0.92
Q4.2b3 511 0.35 0.00 1.00 0.48
Q5 511 1.83 0.00 6.00 1.91
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APPENDIX 4

GRADE 9 LEARNERS’ MEAN SCORES
FOR SCHOOLS A, B AND C
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SCHOOL A:MEAN VALUES

Valid N | Mean |Minimum |Maximum |Std.Dev.
150 2.84 0.00 4.00 1.04
150 1.95 0.00 3.00 1.06
150 1.67 0.00 2.00 0.66
150 3.62 0.00 5.00 1.10
150 0.29 0.00 1.00 0.45
150 0.57 0.00 1.00 0.50
150 0.99 0.00 2.00 0.94
150 0.63 0.00 1.00 0.49
150 0.38 0.00 1.00 0.49
150 0.94 0.00 2.00 0.80
150 1.69 0.00 4.00 0.87
150 2.41 0.00 3.00 0.91
150 4.34 0.00 5.00 1.58
150 6.60 0.00 8.00 1.51
150 2.66 0.00 4.00 0.95
150 2.40 0.00 3.00 0.74
150 3.77 0.00 5.00 1.04
150 2.54 0.00 4.00 1.22
150 2.31 0.00 4.00 1.72
150 1.09 0.00 2.00 0.93
150 2.78 0.00 4.00 0.90
150 1.78 0.00 2.00 0562
150 1.77 0.00 2.00 0.58
150 0.77 0.00 1.00 0.42 ]
150 3.58 0.00 6.00 1.57

(
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SCHOOL B: MEAN VALUES

ltem Valid N | Mean |Minimum |Maximum |Std.Dev.

11 121 1.52 0.00 4.00 1.35
1.2 121 1.51 0.00 3.00 1.08
1.3 121 1.45 0.00 2.00 0.77
1.4 121 1.82 0.00 3.00 0.72
2.1 121 0.22 0.00 1.00 0.42
22 121 0.42 0.00 1.00 0.50
23 121 0.89 0.00 2.00 0.94
2.4 121 0.74 0.00 1.00 0.44
25 121 0.31 0.00 1.00 0.47
26 121 0.56 0.00 2.00 0.75
27 121 1.08 0.00 4.00 1.01
2.8 121 1.12 0.00 3.00 1.13
2.9 121 1.32 0.00 4.00 1.29
3.1 121 5.25 0.00 8.00 2.75
32 121 2.35 0.00 4.00 1.31
3.3 121 1.40 0.00 3.00 1.1
3.4 121 1.87 0.00 4.00 0.80
4.1(a) 121 1.98 0.00 4.00 1.24
4.1(b) 121 1.22 0.00 4.00 1.75
4.1(c) 121 0.47 0.00 2.00 0.82
4.2(a) 121 1.98 0.00 4.00 1.30
4.2(b)1 121 0.98 0.00 2.00 0.88
4.2(b)2 121 0.83 0.00 2.00 0.87
42(c)3 121 0.48 0.00 1.00 0.50
5 121 2.46 0.00 6.00 1.66
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SCHOOL C: MEAN VALUES

Jtem Valid N | Mean |Minimum |Maximum |Std.Dev.
1.1 240 0.38 0.00 3.00 0.75
12 240 0.52 0.00 2.00 0.73
1.3 240 0.80 0.00 2.00 0.84
1.4 240 1.47 0.00 4.00 0.90
2.1 240 0.13 0.00 1.00 0.34
2.2 240 0.11 0.00 1.00 0.31
23 240 0.23 0.00 2.00 0.56
2.4 240 0.19 0.00 1.00 0.39
25 240 0.05 0.00 1.00 0.22
2.6 240 0.10 0.00 2.00 0.43
2.7 240 0.10 0.00 3.00 0.44
28 240 0.07 0.00 3.00 0.41
2.9 240 0.05 0.00 3.00 0.29
3.1 240 1.21 0.00 8.00 1.51
32 240 0.92 0.00 4.00 1.09
3.3 240 0.58 0.00 3.00 0.79
34 240 1.03 0.00 5.00 0.73
4.1(a) 240 0.86 0.00 4.00 1.02
4.1(b) 240 0.03 0.00 4.00 0.29
4.1(c) 240 0.04 0.00 2.00 0.23
4.2(a) 240 0.30 0.00 4.00 0.88
4.2(b)1 240 0.25 0.00 2.00 0.57
4 2(b)2 240 0.10 0.00 2.00 0.37
42(b)3 240 0.02 0.00 1.00 0.13
5 240 0.42 0.00 5.00 0.88
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APPENDIX 5

AN EXPLORATORY FACTOR ANALYSIS OF
THE RESPONSES TO THE 25 ITEMS TESTED
AT THE THREE SCHOOLS A.B AND C
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Factor Analysis of the 25 CTA items of the three pilot schools .
Factor Factor Factor Factor

Variable 1 2 3 4

1.100000 0.469 0.176 0.295 0.389
1.200000 0.180 0.037 0.580 0.106
1.300000 0.102 -0.003 0.622 0.054
1.400000 0.502 -0.144 0.484 -0.074
2.100000 -0.005 0.688 -0.025 0.041
2.200000 0.173 0.292 0.168 0.500
2.300000 0.141 0.088 0.093 0.680
2.400000 0.202 0.086 0.115 0.724
2.500000 0.075 0.640 0.035 0.226
2.600000 0.206 0.394 0.324 0.204
2.700000 0.369 0.283 0.298 0.413
2.800000 0.473 0.455 0.379 0.168
2.900000 0.471 0.449 0.448 -0.053
3.100000 0.561 0.255 0.397 0.143
3.200000 0.659 0.206 -0.061 0.243
3.300000 0.694 0.149 0.104 0.213
3.400000 0.666 -0.079 0.239 0.151
4.1(a) 0.310 -0.007 0.507 0.364
4.1(b) 0.209 0.197 0.627 0.322
410 0.169 0.235 0.567 0.200
4.2(a) 0.472 0.315 0.287 0.278
4.2(b)1 0.699 0.081 0.226 0.224
4.2(b)2 0.646 -0.005 0.372 0.238
4.2(b)3 0.505 0.084 0.430 0.009
5.000000 0.522 0.252 0.385 0.219

NOTE 1: This factor analysis was carried out because intact data was available from
the three schools in the pilot study (phase 1). In phase 2 only incomplete data due to
time constraints was available from all the 12 schools which were part of the stratified

sampling procedure in phase 2 of the investigation.

NOTE 2: A correlation coefficient of r=0.61 (n=64) for a predictive validity estimate
was obtained between two Grade 9 classes” CTA scores and their learners’ marks on
the June 2004 school science examination papers. This value was statistically

significantly (p<0.01).
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APPENDIX 6

GRAPHICAL COMPARISONS OF THE MALE
AND FEMALE SCORES ON CERTAIN ITEMS,
GROUPED ACCORDING TO FOUR LEVELS
OF SES
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APPENDIX 7

GRAPHICAL PRESENTATION OF
DIFFERENT SES SCHOOLS
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APPENDIX 8

LETTER FROM THE WCED GIVING THE
RESEARCHER PERMISSION TO CONDUCT
RESEARCH IN THEIR SCHOOLS
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Mavae
Enyues A1 F Kleinschmide
[Mibizn

Teletoor
Telephone 020 £E% 4305
i

Wes-Kaap Onderwysdepartement

Western Cape Education Departiient
Taks

Fam F2E-654 4510
|Feks

[Sebe leM fundo leNtshona Kolong

YEraySe g
Refegence Hesearch
15aluthien

4§13/2005

The Puncipal

PERMISSION TO CONDUCT RESEARCH

Cear Colleagle

M-z Ferial Mullajee has sought permission frem my office to conduct research at your school She i3
a solience Masters's student at UCT. She needs copies of the learners’ Matural science answer
bocks { Secticn By

We support her request to collect data on condition that it meets with your approval as head of the
mstitution and dees not needlessly disrupt the rest of the schoal.

e wish Mrs Mullajee every success in her studies and trust that her research will benefit alt our
teachers.

{signed} Mackie Kleinschmidt

(CHIEF CURRICULUM ADVISER
CENTRAL EMDOC)
Date: 13 April 2005

LD ASAERLIEY VPR SISGENOMMERS 1% 4|1 E ROHAESPOMDENSIE CPLEASE QUOTE REFERESCE SUMBERY 1% ALL CORBLISTONDENCE |
HNOED L UBILALE ARNCDOLO Zry A LATHIAD KUY O YONKE IMBALFLYY AN

GRANDUENTRAL TOWERS, LAER-PARLEYENTATRAAT, PRIVAATSAK X914 A APRT AL 80K
GRANDEENTRHAL TOWEKES LOWEN FARVIAMENST STREET. PRIYATE BBAL SYLEd. O ATE TOW N EikE
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APPENDIX 9

LETTER ADDRESSED TO THE PRINCIPALS
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PROVINSIALE ADMINISTRASH MES-RAAR
Onderwysdeparfement

Navrae

AR : A
I.n.qlmrln M F Kleinschm
Invibuzo

|r :ﬁ!ﬁ’r!ﬂf cex

Telefion 0] 659 4305

Telephune PROVINCIAL ADMINISTRATION WESTERN UAIT
1 Fivmi .

5 Education Department
Fakes
Fax 59 4115 ULAWULO LWEPHIOMNIN L ENTSHON A KOLON]
Ve k=i

N M undo
Verwysing  (.Cowan RPL ISche leMfu

Helerence
Isalathisi

11 March 2004

The Principal

PERMISSION 10 CONDUCT RESEARCH

Dear Colleague

Mrs Ferial Mullajec has sought permission from my office to conduct research at your
school. She is a science Master’s student at 11.C.T. She needs to conduct an interview with
6 Grade 10 leamers based on the Natural Science CTAs that they wrote last year.

We support her request to condoct these interviews on condition that it meets with
vour approval as head of the institution and does not needlessly disrupt the rest of

the school.

We wish Mrs Mullajee every success and trust that her research will benefit all our

teachers and learners.

Mackie Kieinschmidt

Chief Curriculum Advisor (EMDC — Central)

MELLY ASSERINEE VERW YSTHOSHOMMERS I ALLE ROIRESPONDTNSIE, { PYEASE QUCTE BEFEREMNCE HUMDERS [H ALL CORRESIODENGE
Private B X4 T Mam Kaaib
Ashlone 7704 Page 1 of 2 Mol 7744
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