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ABSTRACT

The problem that prompted this research was the general poor performance of South African
learners in national and international science assessments, and in particular, the poor
achievement levels of Grade 8 learners in successive TIMSS (Trends in International
Mathematics and Science Study) science assessments. It was suggested in the TIMSS South
Africa reports that the language of the tests, when different to learners’ home language,
contributed to their poor performance in the assessments. However the reports also noted that

language factors were intertwined with other factors such as low socio-economic status.

Large-scale quantitative studies such as TIMSS can tell us the ‘what’ in an education system;
however such studies are not able to tell us much about ‘why’: for example why South African
learners have continued to perform so poorly in assessments such as TIMSS. The notion of
‘opportunity to learn’ proposes that learners cannot be held accountable for their performance
in such assessments if they have not been provided with the opportunity to learn the content
assessed. This small-scale qualitative research study therefore set out to drill down from the
TIMSS studies to investigate the opportunity to learn science in classrooms in the Eastern Cape
where the home language of learners and teachers (isiXhosa) was different to the language of

assessment (English).

Opportunity to learn science was conceptualized in terms of the science content of lesson and
the language used to construct that science knowledge. Classroom language was further
disaggregated into the classroom discourse interaction patterns; and the bilingual languaging
practices of teachers and learners. The research thus drew on literature and research from the
fields of science teaching, classroom discourse, and bilingual education - fields not usually

combined - to develop a complex picture of classroom practices.
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A multiple case study was undertaken in eight township and rural schools in the Eastern Cape
Province of South Africa, one of the most under-developed and poorest of the nine provinces.
Data was collected from five consecutive Grade 8 science lessons that were observed and video-
taped for each of eight classes; the teachers were interviewed about their personal histories,
attitudes towards teaching and learning science in the context where learners were learning
through an additional language; and their classroom practices. In addition, detailed fieldnotes
were kept. Transcripts were made of the lessons and interviews; and the isiXhosa in the lessons

was translated where it occurred.

The lesson transcripts were analysed using socio-cultural discourse analysis and this included
coding and content analysis to arrive at patterns in the data, which were exemplified by extracts
from the data; some of these were of necessity fairly long, so as to take account of both the
content and language of the lessons and to trace how ideas were developed over time, within
and across lessons, though language. The teacher interviews provided the contextual detail;
and teachers’ practices were probed using simulated recall based on video clips from their

lessons.

The fine-grained analysis of the science content of lessons allowed for the elaboration of a
hierarchy of necessary conditions that needed to be in place for the opportunity to learn science
to be actualized; and a key condition was that the science content should be conceptually
coherent, with facts linked to generalized principles and conceptual frameworks and that the
generalized principles were supported by factual detail. It appeared that the classroom
discourse was important for engaging learners in this process of moving from description of
observations, to explanation, to generalizing and concept building. In addition a skilled teacher
was able to effect a bridging discourse that supported learners in moving from everyday
language and understandings to scientific language and understandings; from practical to

theoretical knowledge; and from oral to written modes. These are necessary conditions for all
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learners to be afforded the opportunity to learn science. A further condition in the bilingual
contexts that these classrooms typified, was the need for the teacher to support learners in
developing conceptual understanding in their home language and then teaching for transfer of

that understanding into the language of assessment, English.

The analysis was able to demonstrate how the nuanced interplay of content and language in the
practice of one teacher appeared to successfully construct the opportunity to learn science; and
how in the practices of the other teachers, the opportunity to learn science broke down at
different points. This indicated the points of leverage in the enacted curriculum that could be
addressed in teacher education to break the logjam of factors contributing to underperformance

in science achievement.
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CHAPTER ONE: LOCATING THE STUDY

In this chapter I locate this research study by outlining my personal interest in the question of
language and learning in South Africa; I describe the research problem and the context for this
research study; | provide a justification for my use of the framing concept of ‘opportunity to
learn’; I state the research goals and the research questions; and I provide a brief overview of

the chapters that follow.

Personal interest in language and learning

My own long-standing concerns about language and learning were sparked by my experience as
an English teacher in a township secondary school in South Africa in the 1990s and the
realization that for many learners, their poor proficiency in English, the language medium for
content subjects, created a barrier to learning. Carol Macdonald’s research (1990a) into this
area vividly documented such problems and provided a theoretical introduction to the issue. It
seemed to me that language was a major obstacle to the achievement of educational equity and
social justice for many learners in township and rural schools?!; and yet teachers received little

or no training in how to deal with the matter.

In this research 1 have attempted to probe the matter further, for a more nuanced

understanding of the issues around language and learning and to search for possible points of

1 ‘Township and rural schools’ in this study refers to schools that under apartheid were designated for African
learners. Under apartheid, schools were segregated according to racial classifications and likewise situated
geographically in areas designated for particular racial groupings. Accordingly, African learners were restricted to
schools in township areas (dormitory suburbs on the urban peripheries), which fell under the control of the
Department of Education and Training; and schools in rural ‘homelands’ (geographic areas to which the majority of
the African population were restricted politically, economically and spatially), which fell under the respective
‘homeland’ governments. Since 1994 all schools have been open but township and rural schools remain effectively
segregated, catering for the African rural and urban poor; and carrying the historic legacies of under-funding and
under-development from the apartheid era.



leverage, which might provide the basis for teacher training and more effective classroom

practices.

Research problem

Science is regarded as a key school subject for developing the knowledge and skills necessary to
drive economic growth and development (McCarthy and Bernstein, 2011, p. 8); and this is
recognized by the South African government as a quotation from a speech by the Minister of
Science and Technology, Naledi Pandor, indicates: ‘Advances in the science, technology and
innovation sector will help to meet the triple challenges of joblessness, poverty and inequality’

(Pandor, 2015).

However, despite the obvious need for students qualified in science and mathematics, the
majority of South African learners have performed very poorly in international studies such as
the TIMSS assessments of Grade 8 mathematics and science: Third International Mathematics
and Science Study - Repeat (TIMSS-R) 1998/99 (Howie, 2001); Trends in International
Mathematics and Science Study (TIMSS) 2003 (Reddy, 2006); and Trends in International
Mathematics and Science Study (TIMSS) 2011 (Reddy et al, n.d.). In these assessments South
African learners came last out of 38 and 50 countries respectively in 1998/99 and 2003; and
second last to Ghana in 2011, even though in that year South African learners participated at
Grade 9 level while Ghana participated at Grade 8. This dismal picture is carried though to
Grade 12 physical science and as Table 1 below shows, from 2011 to 2015 there were 37% or
less learners writing Physical Science in the Grade 12 public examination (known locally as
‘matric’), with the percentages dropping from 36,4% in 2011 to 24,2% in 2015; and over the
same period, only 9% or less learners who wrote matric, passed Physical Science with 50% or

more - the minimum requirement for university studies.



Table 1.1. Matric learners who wrote and passed Physical Science with 50% or more 2011-2015

Matric learners who wrote and passed Physical Science with 50% or more 2011-

2015
Year Percentage matrics wrote Physical Percentage matrics passed Physical
Science Science with 50% or more

2011 36,4 7,5

2012 35,1 8,5

2013 32,8 8,4

2014 31,5 7,1

2015 24,2 6,4

(sources: DBE, n.d.; Equal Education, 2015; Motshekga, 2016)

Unsurprisingly, Business Day reported recently that the Human Sciences Research Council had

‘warned that the country’s growth is stifled by a severe skills shortage, particularly in science,

technology, engineering, maths and accounting’ (Phakathi, 2015).

Concerns about the poor performance of South African learners in mathematics and science

have prompted questions as to the causes - particularly when learners in poorer countries with

lower levels of expenditure on education have achieved better results (Howie, 2001). The

question that naturally follows is ‘why?’

One factor contributing to poor results in science and mathematics that was identified in the

TIMSS South Africa reports was that of language:

.. the majority of South African pupils cannot communicate their scientific conclusions in the
languages used for the test (i.e. English and Afrikaans which were the medium of instruction and
are the languages currently used for matriculation examinations). In particular, pupils who study
mathematics and science in their second language tend to have difficulty articulating their
answers to open-ended questions and apparently had trouble comprehending several of the
questions.

(Howie, 2000).



This observation was repeated in the reports of the 2003 and 2011 TIMSS assessments (Reddy,
2006; Reddy et al, n.d.): in TIMSS 2011 it was found that learners who were tested in their
home language scored on average 120 points more in the science assessment than learners who
were not tested in their home language - this is equivalent to three grade levels (Prinsloo &

Rogers, 2013).

What the TIMSS reports were referring to was the language medium (or language of learning
and teaching [LoLT] as it is referred to in the Language in Education Policy, [LiEP] [Department
of Education, R.S.A., 1997]) for teaching and assessing science and how this constituted a
barrier to understanding and communicating science knowledge in the tests. As is well known,
English is the home language of only 9,6% of the population (Statistics South Africa, 2012), yet
the majority of learners in South Africa learn through the medium of English from Grade 4. The
opportunities for learners to acquire English language proficiency outside the classroom,
particularly in rural schools, are restricted by their lack of exposure to both spoken and written

English.

However as Reddy (2006) noted, there is not a straightforward causal link between home
language LoLT and learners’ achievement in science, as ‘there is a complex set of several factors
affecting performance in the classroom’ (p. xviii) and these include the general co-occurrence of
second language (L2) LoLT with lower socio-economic status and attendance at township and

rural schools (Spaull, 2013).

Learners’ general poor proficiency in the LoLT poses particular problems for science teachers
who are faced with the tension between teaching science and teaching language; and the
dilemmas of how best to negotiate this tension (see Setati, Adler, Reed & Bapoo, 2002; Probyn,

2009) - for which they receive little or no training. Consequently, a key aspect of this research is



an investigation into teachers’ use of the linguistic resources of the classroom and how their

languaging (Swain, 2006)2 practices impact on the opportunity to learn science.

A related aspect of language and the opportunity to learn science, that is less widely debated in
South Africa, is the nature of the classroom discourse. The related literature draws on socio-
cultural perspectives, to examine how language is used by teachers to engage learners in co-
constructing knowledge in the classroom, and studies have identified discourse patterns that
support learning (for example: Alexander, 2001; Barnes, 1976, 1992; Gibbons, 2006; Mercer,
1995; Wells, 1999). In line with this, others have focused on how science knowledge is
constructed through classroom talk and the extent to which this supports or constrains the
opportunity to learn science (see Lemke, 1990; Mortimer and Scott, 2003; Sutton, 1992,

Wellington and Osborne, 2001).

Since Carol Macdonald’s seminal research into language and learning in Grade 4 in African
language classrooms in the late 1980s (Macdonald, 1990a), there have been several studies
focusing on language practices in such contexts, focusing in particular on classroom
codeswitching patterns (see Adendorff, 1996; Chick, 1996; Probyn, 2006; Setati, Adler, Reed &
Bapoo, 2002) and the functions thereof - that resonate with similar studies in other post-
colonial contexts (for example Arthur, 1996; Clegg & Afitska, 2011; Ferguson, 2003; Martin,
1996; Martin-Jones, 2000; Merritt, Cleghorn, Abagi & Bunyi, 1992) and illustrate the dilemma-
filled nature of such practices. However there does not seem to be much research that provides
fine-grained analysis of teachers’ and learners’ languaging practices over several lessons, in
terms of how these might support or constrain the opportunity to learn content subjects. There

appears to be even less research in South Africa on classroom discourse patterns (an exception

2 Swain (2006) refers to ‘languaging’ to express the Vygotskian notion of making meaning though language.



being Muller (1989)) and how these engage teachers and learners in constructing content

knowledge - or not.

My research interest was to investigate the opportunity to learn science in a small sample of
eight Grade 8 classes, where teachers and learners shared a common home language that was
different from the LoLT (English). In particular [ wanted to explore the relationship between the
science content and the language of the lessons: the languaging practices of teachers and
learners in this bilingual context; and the nature of classroom discourse; and whether these

appeared to support or limit opportunities to learn science.

Framing the study: ‘Opportunity to learn’

The ongoing poor performance of South African Grade 8 learners in the TIMSS studies provided
the backdrop to this study, which seeks to answer some qualitative ‘why’ questions in response

to the quantitative data provided by the TIMSS studies.

The framing concept for this research study is that of ‘opportunity to learn’ (OTL) which holds
that ‘students can only be accountable for their academic performance to the extent that the
community, broadly defined, has offered them the tools to master the content expected of them’
(McDonnell, 1995, p. 312). In the light of this, and the poor performance of South African

learners in the TIMSS assessments, the main research question for this research study is:

What is the nature of the science content and the classroom language practices that support

learners’ opportunity to learn science?

The concept of OTL requires some unpacking and justification, particularly as it has been
generally used in relation to large-scale quantitative research, rather than small-scale
qualitative studies such as this one. According to McDonnell (1995), the concept, ‘opportunity to
learn’ was initially developed in the 1960s in relation to large-scale international assessments

conducted by the International Association for the Evaluation of Educational Achievement



(IEA). At that time ‘opportunity to learn’ was conceptualized simply as a measure of curriculum
coverage, in order to ensure the reliability of the IEA assessments i.e. to establish whether

learners who took the tests, had had the opportunity to learn the content that was being tested.

In the IEA studies, curriculum was conceptualised as functioning at three levels: the ‘intended
curriculum’ - as expressed in official curriculum plans; the ‘enacted curriculum’ - what
happened in classrooms; and the ‘attained curriculum’ - what learners achieved on
standardized tests (Howie, 2001; McDonnell, 1995). So the concept of ‘opportunity to learn’

related directly to the ‘enacted curriculum’ - what happened in classrooms.

In the 1980s, the concept of OTL was expanded beyond that of simply curriculum coverage, to
include schooling and classroom processes more generally, in order to develop indicators of
practices, including instructional strategies, that were associated with higher student
achievement levels, (McDonnell, 1995). In addition, the concept of OTL was linked with
concerns with equality of educational provision in the face of persistent gaps in achievement
between students from different socio-economic backgrounds (see Gee, 2003; McDonnell,

1995).

Given the limits in classroom based research of establishing a direct causal link between
teaching and learning, and the wide range of intervening factors that might influence the uptake
by learners of teaching input, it seems useful to delink the processes for the purposes of
observation and analysis, and consider what teaching content and practices might offer learners
a fair opportunity to learn particular lesson content, without necessarily making assumptions

about what actually was learned.

Various studies have defined OTL indicators slightly differently and accordingly collected
different kinds of data: for example the TIMSS studies collected data about curriculum coverage,

school conditions, learner socio-economic backgrounds and instructional strategies, by means



of learner, teacher and principal questionnaires (McDonnell, 1995; Howie, 2001); Gee (2003)
used the concept OTL to identify six principles necessary to provide for equal opportunity for
literacy learning. In South Africa, Reeves and McAuliffe (2012) examined curricular coherence
as a dimension of OTL in Grade 6 mathematics classrooms in schools serving low income
communities, by examining the sequencing of topics in the written work in learners’
mathematics notebooks; Carnoy, Chisholm and Chilisa (2012) defined two types of OTL:
curriculum coverage which was inferred from students’ notebooks; and aspects of the school
context (violence, teacher absenteeism) - evidence of which was obtained from questionnaires
for school principals, teachers and students (p. 36). Taylor, van der Berg and Mabogoane
(2013), also in South Africa, expanded the notion of OTL to include two main components:
teacher knowledge (indicator: subject knowledge) and teacher competence (indicators:
curriculum coverage, frequency of reading, quantity and quality of writing and frequency and
nature of assessment). In Taylor et al.’s large-scale study it was considered too expensive to
collect classroom level data by means of observation and so this was collected instead from
interviews with teachers, analyses of work done by the best learner in each class, and analyses

of teacher planning and assessment records.

The point of providing the above examples is to demonstrate that the notion of OTL has shifted
from the initial definition of simply curriculum coverage, to include other aspects of the enacted

curriculum that are considered to impact on students’ opportunity to learn.

One of the constraints of the above studies is that their large-scale nature has ruled out more
detailed, fine-grained studies of classroom interactions. McDonnell (1995 p. 310) makes the
point that some aspects of OTL can only be identified through direct observation: ‘These include
discourse practices that evidence the extent of student participation and their role in the

learning process, the use of small-group work, and the relative emphasis placed on different



topics within a given lesson and the coherence of teachers’ presentations’ (own emphasis).

These are aspects that are given attention in this research study.

The TIMSS 1999 Video Studies of mathematics teaching (Hiebert et al., 2003) and science
teaching (Roth et al,, 2006) across seven and five countries respectively, attempted to combine
quantitative breadth and qualitative depth by using videotapes of lessons to do more fine-
grained analyses of classroom interactions. The TIMSS 1999 Video Study for science set out to
answer the main research question: ‘What opportunities did the lesson provide for students to
learn science?’ (Roth et al, 2006, p. 5) and a very detailed range of criteria was developed to
analyse lessons, from the perspectives of teacher actions, science content and student actions.
This then established a precedent for using direct observation - of the videotaped lessons - to

identify factors contributing to or constraining OTL science.

So while it has been recognized that there is a need for more fine-grained studies to elaborate
OTL, the time and cost constraints have generally mitigated against this for large-scale studies.
However, it seems that small-scale fine-grained studies of OTL such as this one, can serve to
explore and identify indicators of OTL that could at a later stage be taken to scale; or provide
more in depth analyses to elaborate and/or explain findings regarding the attained curriculum
from large scale studies. Thus it is intended that this small-scale qualitative study of the
opportunity to learn science in eight Grade 8 classrooms, should inform understandings of the
enacted curriculum, in the light of the achievement gap between South African students and
their Grade 8 counterparts internationally in the TIMSS studies. In this way, the concept of OTL

can provide a unifying framework to provide coherence to smaller scale qualitative studies.

Research context: The Eastern Cape Province

The Eastern Cape, where this research study was conducted, is one of the most rural and poor

provinces in South Africa: statistics for 2012 showed that over 30% of the population was



illiterate; 42% of the population was unemployed; and 47% of the population living in poverty.
So it is no surprise that in 2011, 85% of learners in the Eastern Cape were in no fee schools3

(Kane-Berman & Holborn, 2012).

Figure 1.1. Map of South Africa showing Eastern Cape Province (Wikipedia, n.d.)

The linguistic context of the eastern districts of the Eastern Cape, that are comprised of the
former homelands of Ciskei and Transkei, is that the majority of teachers and learners share a
common home language, isiXhosa, while the official language of learning, teaching and
assessment is English from Grade 4. However there are few opportunities for learners to
acquire English outside the classroom as the predominance of isiXhosa in communities means
that there is very little interaction with English speakers and there are limited written resources

in communities and schools to support literacy development in either isiXhosa or English.

3 No fee schools were introduced in 2007 and the Minister of National Education may declare a school exempt from
fees, based on poverty levels in the surrounding community.

10



Education in the Eastern Cape has been bedeviled by political infighting, corruption and
mismanagement, and so the fruits of political liberation have not been felt in many township
and rural schools, which remain with poor infrastructure and limited resources. According to
the South African Survey 2012 of the Institute of Race Relations (Kane-Berman & Holborn,
2012),in 2011, of the 5 676 schools in the Eastern Cape, 10% had no toilets and only 17% had
flush toilets; 19% of schools had no water and 20% had no electricity; only 3% of schools had
stocked libraries and 2% had stocked laboratories. In 2013 there were still over 400 mud
schools* in the province, despite an undertaking by the then-president Thabo Mbeki in 2004
that all mud schools would be rebuilt by the end of that year; and in 2012 the Legal Resources
Centre brought a court action against the Eastern Cape Education Department for shortages of

500 000 desks and chairs (John, 2013).

Given the above challenges it is hardly surprising that learners in the Eastern Cape Province
have fared second last in the country, after Limpopo Province, in science in TIMSS 1999 (Howie,
2001) and 2003 (Reddy, 2006); and lowest of all nine provinces in TIMSS 2011 (Reddy et al,,

n.d.).

Locating this research study in the Eastern Cape might seem somewhat perverse, in the light of
the difficulties outlined. Nevertheless, there were good reasons for this choice: these were
partly pragmatic as [ was based in the Eastern Cape Province and involved in an in-service
development programme for language teachers in three districts: two rural and one urban and
peri-urban. This meant [ was able to combine data collection and school support visits in one
trip and reduce fieldwork costs and time commitments. In addition, from a research

perspective, the network of contacts already established with district officials, teachers and

4Mud schools are literally schools made of wattle and daub or mud bricks and as such insecure structures for
teaching and learning.
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school principals in these districts, assisted greatly with practical matters such as negotiating
access, finding the physical locality of schools - an important factor in rural areas where maps
and road signs are practically non-existent. This afforded me the opportunity to investigate
teaching practices in fairly remote rural schools that are normally inaccessible and where little
in-depth classroom-based research has been done; and to find out what competent science

teachers are able to achieve in the most challenging of material and linguistic circumstances.

Research goals

The research goals were to investigate the 'opportunity to learn science' in a sample of eight
Grade 8 science classrooms, where the home language of both teachers and learners was
isiXhosa and the language medium was English. In order to do this, the science content of the
lessons was analysed for types of science knowledge; the sources of the science content; and the
accuracy, density and coherence of the presented content. The language of the lessons was
analysed in terms of the discourse patterns and the bilingual language practices of teachers and
learners. These analyses were merged to attempt to identify which content and language

practices appeared most supportive of the opportunity to learn science.

This research aimed to shed some light on the ‘black box’ of the 'enacted curriculum' in a sample
of Grade 8 science lessons where teachers and learners shared a common home language, which
was different to the official language of learning and teaching, English. This is the linguistic
pattern for the majority of learners in rural and township schools outside the main

metropolitan areas.

While there is a growing recognition of the important role of language in the teaching and
learning of science, there is sometimes an assumption that simply changing the language
medium will solve the problems of access to the curriculum and the poor performance of

learners. However, there has been little attention given to the question of classroom discourse,
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in particular the kind of public talk that structures and chains knowledge into clear conceptual
frameworks; that is contingently responsive to students’ contributions to the construction of
meaning; that provides a bridge between everyday language and academic language; and enacts
a systematically structured and visible curriculum that encodes learners as thinkers and

problem solvers.

Thus one hopes that the research might reveal some points of leverage in the enacted
curriculum that might contribute to improved opportunities to learn science in such contexts,

and that might be of interest and relevance to teacher training and development.

Research questions

The main research question that was developed to guide this research was as follows:

In what ways did the lesson content and the classroom language practices combine to construct

or constrain the opportunity to learn science?

Subsidiary questions that followed were:

* What was the nature of the science content knowledge that was developed in the
observed lessons?

o What types of science content knowledge were presented in the observed
lessons?

o What were the sources of the science content knowledge in the observed
lessons?

o How accurate was the science content knowledge that was presented in the
observed lessons?

o How much science content knowledge was there in the observed lessons?

o How coherent was the science content knowledge between and within the

observed lessons?
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* Did the classroom discourse construct or constrain the learners’ opportunities to learn
science?

o What was the relative balance of teacher-learner talk?

o What were the predominant discourse interaction patterns in the lessons and in
what ways did they engage learners in developing science knowledge?

o What bridging discourses did the teacher engage learners in to bridge the gaps
between everyday knowledge and language and science knowledge and
language; between practical and theoretical knowledge; and between spoken
and written language?

* Did the classroom languaging practices of teachers and learners appear to construct or
constrain the learners’ opportunities to learn science?

o How did teachers and learners utilize the available linguistic resources of

isiXhosa and English to access and develop science knowledge?

Overview of thesis

Chapter One provides an outline of the research problem; a discussion and justification of the
use of the framing concept of ‘opportunity to learn’; a description of the research context; a

statement of the research goals and questions; and a brief overview of the thesis.

Chapter Two provides a conceptual framework for this study in terms of outlining the
theoretical framework for this study and reviewing empirical studies relating to the topic of

language and science learning.

Chapter Three describes and justifies the research methodology: the broad research approach,
the use of a multiple cases study, data collection methods and data analysis criteria and
processes. A brief outline of the research process is also provided, with a discussion of the

related ethical issues and the limitations of the study.
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Chapter Four presents the findings in terms of a brief description of each teacher and their

teaching context.

Chapter Five presents the findings in terms of the analysis of the science content of the lessons

to answer the question: what was the nature of the science content in the observed lessons?

Chapter Six presents the findings in terms of the classrooms discourse that was utilised to

construct the science content of lessons.

Chapter Seven presents the findings in terms of the bilingual languaging practices of the

teachers and learners.

Chapter Eight provides a discussion of the research findings in relation to the literature.

Chapter Nine draws conclusions and makes recommendations based on the research findings.
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CHAPTER TWO: CONCEPTUAL FRAMEWORK

This chapter provides the theoretical and empirical framework for this small scale, qualitative
research study which seeks to answer the following question: In what ways did the lesson
content and the classroom language practices combine to construct or constrain the opportunity

to learn science?

The broad theoretical framework is that of a socio-cultural view of language and learning, based
on the work of Vygotsky (1962), who held that talk on the social plane is the basis for individual
conceptual development. So language is considered to be more than a simple conduit of
information but is the means for both engaging in learning, and constructing knowledge within
particular socio-cultural-historical contexts. In line with this broad orientation, this research
study seeks to investigate the interplay of language and science learning in classrooms where
the linguistic context is that the home language of teachers and learners (isiXhosa) differs from
the official language of learning and teaching (English); and the socio-economic context is one of
poverty and underdevelopment which is directly related to the historic legacies of the policies

of apartheid in rural and township schools, in two of the former homelands of South Africa.

A discussion of the concept ‘opportunity to learn’ has been presented in chapter one: how the
concept has been redefined in different ways, using different kinds of evidence; and a
justification for its use in this research. For the purpose of this study, ‘opportunity to learn’ has
been conceptualised in terms of the nature of the science content knowledge of lessons and the
language used to construct that science content knowledge. The analysis of the classroom
language has in turn been framed from two perspectives: that of the classroom discourse - the
interaction patterns that engage learners in constructing a coherent understanding of science
knowledge (or not); and the use of the bilingual language resources by teachers and learners (or

not).
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This literature review therefore draws together theories and empirical evidence from the fields
of science education, classroom discourse and bilingual classroom practices - fields that more

usually have been considered separately.

What is involved in learning science?

What is involved in learning science? The nature of science knowledge is that it seeks to classify
and explain the natural and physical world, and develop conceptual frameworks and theories
with integrative explanatory power, in a 'hierarchical knowledge structure' (Bernstein, 2000 in
O’Halloran 2007) so that all observable phenomena can be explained. The scientific process is
one of empirical experimentation, observation and logical reasoning to account for the
phenomena observed; and the application of principles and theories to predict, solve problems
and control the environment. As such, science knowledge encodes ‘an alternative perspective on
reality to common sense’, (Martin, 1990, p. 86). So learning science involves learning different
ways of thinking and seeing: for example that salt has dissolved in water rather than it has
disappeared (Sutton, 1992, p. 41). In terms of constructivist views, learners’ existing
commonsense schemata or conceptual frameworks accounting for the natural and physical
world need to change to accommodate alternative uncommonsense scientific explanations and

conceptual frameworks.

Learning science also requires a range of cognitive skills, identified by Lemke (1990, p. ix) as
‘observing, describing, comparing, classifying, analyzing, discussing, hypothesizing, theorizing,
questioning, challenging, arguing, designing experiments, following procedures, judging,
evaluating, deciding, concluding, generalizing, reporting, writing.” According to socio-cultural
views, language and cognition are closely intertwined, and so many of these cognitive skills
could as well be described as language skills, constituting an ‘elaborated code’ (Bernstein, 1990)
or ‘school code’ (Taylor, Muller & Vinjevold, 2003); or ‘cognitive academic language proficiency’

(Cummins, 2000), and as such, necessary for academic learning in general.
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In addition, learning science involves learning the particular language of science (see Halliday &
Martin, 1993; Lemke, 1990; Martin, 1990; Mortimer & Scott, 2003; Ogborn, Kress, Martins &
McGillicuddy, 1996; Sutton, 1992; Wellington & Osborne, 2001), which is distinguished from
everyday language by new technical terms such as photosynthesis, molecule, carbon dioxide, as
well as technical scientific meanings attached to everyday terms, for example table, current,
force, cell - in fact it is the latter which learners tend to find more challenging (Cassels &
Johnstone, 1985, cited in Wellington & Osborne, 2001, p. 11). However it is concept words in
science such as work, energy, pressure, food web that pose the greatest learning challenges as
their meaning is at a higher level of abstraction, and dependent on a prior understanding of a
network of other words, all related in a vertical knowledge structure; so without these prior
understandings, the structure of the concept will collapse (Wellington & Osborne, 2001, p. 21).
So for example, the concept of a ‘food web’ is dependent on understanding the meaning of
categories such as plants, herbivores, carnivores, omnivores; how these categories are linked
hierarchically in ‘food chains’; and how food chains combine to form food webs. If the
underlying term ‘food chain’ were not clearly understood, then understanding of the higher
level concept of ‘food web’ would also be incomplete. Wellington and Osborne (2001) make the
point that these specialized meanings need to be explicitly taught: meaning has to be taught not
‘caught’ (p. 17). These challenges would be amplified in a bilingual context where the learners’

home language was different to that of the official language of learning and teaching.

The discourse of science also has particular grammatical features which are shared with
academic writing in general, but are particularly evident in science texts and these include
lexical density through nominalization — where verbs or processes are turned into nouns (for
example evaporation) so that clauses can be loaded with more meaning; the use of the
impersonal, passive voice and the use of analogies and metaphors to represent processes which

cannot be directly observed. All of these pose challenges for learners when reading and writing
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science texts. In addition, the discourse of science makes use of particular written genres such
as explanations, procedures, recounts, reports, arguments, discussions, all of which have

particular structures and grammatical features.

As with the specialized vocabulary of science, genre theorists propose that the grammar and
genres of science need to be made visible and explicitly taught. They claim that ‘progressivist’
pedagogies tend to leave such powerful knowledge implicit, thus privileging learners from well-
resourced, highly literate homes where such knowledge may be incidentally acquired (Christie,

2002; Martin, 1990).

Thus science content and language are closely intertwined in the process of learning science,
both from the perspective of socio-cultural theories of language and learning; and from the
perspective of learning the specialised language of science. Teaching science then involves
mediating learners’ conceptual shifts, through language, in terms of understanding the physical
and natural world in alternative, un-commonsense ways; as well being able to expressing these

understandings, both orally and in writing in the specialised language of science.

Learning science: the ‘what’ of the curriculum

Types of science knowledge

The content of school science is described in the literature (see Mortimer & Scott, 2003; Roth et
al, 2006) as concerned with three inter-related aspects: learning facts about the natural and
physical world and how it is constructed, and how these facts are linked into conceptual
frameworks; that science knowledge is enquiry based and subject to a process of validation
against empirical evidence; and the application of science knowledge to problem solving in
everyday life. These three aspects are reflected in the three learning outcomes in the revised

curriculum, introduced in 2002 (Department of Education, RSA, 2002):

Learning Outcome 1: Scientific Investigations
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The learner will be able to act confidently on curiosity about natural phenomena, and to
investigate relationships and solve problems in scientific, technological and environmental
contexts.

Learning Outcome 2: Constructing Science Knowledge

The learner will know and be able to interpret and apply scientific, technological and
environmental knowledge.

Learning Outcome 3: Science, Society and the Environment

The learner will be able to demonstrate an understanding of the interrelationships between
science and technology, society and the environment.

The above Learning Outcomes have been replaced with ‘Specific Aims’ in the latest version of

the curriculum (Department of Basic Education, RSA, 2011), but these remain very similar:

Specific Aim 1: ‘Doing Science’

Learners should be able to complete investigations, analyse problems and use
practical processes and skills on evaluating solutions.

Specific Aim 2: ‘Knowing the subject content and making connections’

Learners should have a grasp of scientific, technological and environmental knowledge
and be able to apply it in new contexts.

Specific Aim 3: ‘Understanding the uses of Science’

Learners should understand the uses of Natural Sciences and indigenous knowledge in
society and the environment.

In the TIMSS 1999 video study, these three forms of science knowledge were described as

* canonical knowledge, which includes propositional knowledge about ‘science facts, concepts,
ideas, processes, or theories’ and includes observations from practical work;

e procedural and experimental knowledge, described as ‘how to do science-related practices
such as manipulating materials, and performing experimental processes’; and

* real-life issues - ‘how science knowledge is used, applied or related to societal issues or to
learners’ personal lives’

(Roth et al, 2006, p. 48).
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It would seem obvious that in order for learners to have the opportunity to learn science they
should have exposure to the different forms of science knowledge as outlined above and
reflected in the learning outcomes and aims in the curriculum: knowing science, doing science
and applying or using science; but that doing science and using science are in fact in support of
developing an understanding of science as an empirically based, hierarchically structured body
of knowledge with real life application. However, in the TIMSS video study report it was noted
that in some classrooms learners were very busy doing practical activities but that these
appeared to be ends in themselves, rather than the basis for developing science knowledge
(Roth et al, 2006, p. 61); and in a similar vein, Blank (2000, cited in Yore & Treagust, 2006, p.
294) was critical of ‘activitymania’ where teachers and learners equated learning of science
with simply ‘doing’. In relation to South African classrooms, Fleisch (2008) referred to
Schollar’s (2004, cited in Fleisch, 2008) observations of many lessons where there was little
content and ‘pure social and/or physical activity ... (was) valued for its own sake’; this Schollar
suggested was a result of a misinterpretation of the new teaching methods introduced with

curriculum.

The point is, that science lessons might keep learners busy doing practical activities, but it does
not necessarily follow that they provide learners with the opportunity to learn science. So an
analysis of opportunity to learn science would need to investigate to what extent learners were
exposed to all three forms of science knowledge, with canonical knowledge underpinned by

both empirical evidence and real life applications.

Sources of science lesson content

In order for learners to learn the language of science, there should be plenty of opportunities for
learners to discuss scientific ideas and read science and write science texts; this much is
increasingly argued in the literature, both internationally (see for example Gibbons, 2006; Hand

& Prain, 2006; Ogborn et al, 1996; Wellington & Osborne, 2001; Yore et al, 2004; Yore &
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Treagust, 2006) and in South Africa (see for example Rollnick, 2000; Mayaba, Otterup & Webb,
2013). However, South African research also has shown that too little reading and writing
happens in classrooms in general and that even when textbooks are available, they are under-
utlilised (Fleisch, 2006; Taylor, 2011). This was corroborated in the South African TIMSS 2003
study (Reddy, 2006), where it was reported that only one third of teachers said that they used
textbooks as the primary basis for lessons (p. 105). Taylor et al (2013) suggested that teachers’
apparent resistance to using textbooks was a hangover from the curriculum reforms of the late
1990s when teachers were strongly encouraged to produce their own learning materials. So in
South Africa, research indicates that in many classrooms lessons are largely oral with the

teacher being the main source of lesson content.

Accuracy of science lesson content

If teachers are the main source of lesson content, then that raises the question of the accuracy of
teachers’ subject knowledge, and accordingly the accuracy of the science content presented in
lessons - a factor that would quite obviously impact on learners’ opportunity to learn science.
While the accuracy of teachers’ science content knowledge might be a taken for granted
assumption in developed countries such as those that participated in the TIMSS video study
(and presumably the reason it was not included as a factor in the TIMSS video study analysis of
opportunity to learn), this cannot necessarily be taken for granted in developing countries such
as South Africa. As successive research findings have shown, the poor subject knowledge of
teachers continues to be identified as a problem in South African education (Carnoy, Chisholm &
Chilisa, 2012; Fleisch, 2008; McCarthy & Bernstein, 2011; Spaull, 2013; Taylor, van der Berg &

Mabogoane, 2013; Taylor & Muller, 2014).
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In relation to science teachers in particular, Selveratnam (2011) for example, found that only
42% of a group of 73 matric physical science teachers from Dinaledi schools® could solve basic
problems correctly. The Department of Education has recognized this as a problem; and ‘poor
content and conceptual knowledge’ has been identified as a critical challenge facing education in
South Africa today - one that higher education institutions are tasked with addressing in teacher
education programmes (Department of Higher Education and Training, RSA, 2011, p. 6). The
negative effects of the poor subject knowledge of many teachers are compounded by the under-
utilisation of textbooks, as this deprives learners of reliable alternative sources of science

content knowledge.

Density of science lesson content

One of the ongoing and unresolved debates in science education has been between breadth and
depth of science content: those advocating that fewer topics should be covered in more depth -
‘less is more’ - versus those advocating broad coverage and who counter with ‘less is less’ (Roth
et al, 2006; Schwartz, Sadler, Sonnert & Tai, 2009). In line with these concerns, the density of
science ideas in lessons was an aspect of learning science that was included in the TIMSS video

study analysis; and this was measured by means of a count of canonical science ideas per lesson.

Advocates of teaching science in depth claim that learners need to thoroughly engage with new
ideas in order to dislodge their common sense understandings and that this takes time.
Advocates of following a curriculum that provides breadth argue that learners’ need a broad
understanding in order to appreciate the generalized big ideas in science. The density of science

content is clearly related to lesson pacing and curriculum coverage and is an issue that relates in

51n 2001 the Department of Education established the Dinaledi School Project to increase the number of matriculants
with university entrance mathematics and science passes. Schools with potential to improve were selected and
provided with extra resources and support. Initially 102 schools were selected and by 2008 this number had grown
to 500.
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part to the intended curriculum; but at a classroom level teachers are also faced with decisions
about breadth and depth within the constraints of lesson time allocations. However, it appears
that there is little agreement as to the optimal density of science content in lessons; and in any
event, measurement of the density of lesson content in individual lessons on different topics
might not be the basis for valid comparisons and evaluations of opportunity to learn, given the
obvious differences in complexity, abstraction, cognitive challenge and so on - the ‘learning

demand’ (Mortimer & Scott, 2003, p. 108) - between different science topics.

South African research has indicated that in many township and rural schools, the pacing of
lesson content by teachers is slow (Chisholm et al, 2005; Reeves, 2000), matching the pace of
the slowest learner (Hoadley, 2003). The fact that learners in these schools are learning though
the medium of a second language also contributes to slow lesson pacing; in fact Short and
Fitzsimmons (2007) in referring to second language learners of English in the US, make the
point that these learners must perform ‘double the work’ of students learning through their
home language, as they are learning language while at the same time learning the content, and
yet they are judged on the same assessment standards English speakers as home language
speakers of English (p. 1); Gibbons makes much the same point in the context of Australia

(Gibbons, 2006, p. 106).

So in South Africa, slow lesson pacing, combined with poor time on task has meant that
frequently the curriculum is not completed in any one year and cumulative backlogs have left
learners with serious gaps in their knowledge (Chisholm et al, 2005; Reeves, 2000). The
question remains as to how the density of ideas in science lessons might impact on the
opportunity to learn science. It seems that it is hard to determine what is ‘just right’. A count of
ideas per lessons is a fairly crude measure, but does give some sense of the density of lesson
content; and certainly provides an indication of extremes at either end of the scale, both of

which are likely to limit rather than support the opportunity to learn science.
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Coherence of science lesson content

Even if the above necessary conditions - that there was science content in lessons that was
correct; that there was not too much or too little; and that it was supported by written sources -
were met, these would not constitute sufficient conditions for the opportunity to learn science.
A key aspect of learning science with understanding is that facts should be linked to generalised
conceptual frameworks; and that conceptual frameworks themselves should be supported by

rich factual detail (Donovan & Bransford, 2005).

Shalem and Slonimsky (2010) writing in the context of South Africa, come to much the same
conclusion. They have drawn on Vygotsky’s work on concept development and Bernstein’s
work on knowledge structures, to argue that generalization and hierarchy are central in
knowledge acquisition and therefore need to be explicitly taught: according to Vygotsky,
‘concepts generalise phenomena; they extend them in time and space’ and ‘in theoretical
thinking, the relations between concepts form a vertical order, whereby the more general
concept frames the relations between the subordinate concepts’ (Shalem & Slonimsky, p. 757)
This relates to Bernstein’s classification of knowledge structures, with ‘disciplines in the natural
sciences achieving high levels of integration of propositional knowledge ... [in] a hierarchical
knowledge structure’ (p. 757). Consequently pedagogy that is necessary to move learners from
a restricted to an elaborated code, should make explicit the generalized structure of ideas as

well as teaching learners to instantiate abstractions (p. 761).

In the TIMSS video study, the linking of the facts presented in lessons to generalized conceptual
frameworks was identified as an important indicator of lesson coherence (Roth et al, 2006 pp.
64 - 70). It would seem that this would be an essential aspect of developing a hierarchical

knowledge structure such as science.

25



The question of coherence in science and mathematics education has also been defined
somewhat differently at different levels in the curriculum in various research studies: at the
level of the intended curriculum, Schmidt, Wang and McKnight (2005) investigated curricular
coherence in mathematics and science in the USA as compared to other high-achieving
countries, in terms of the introduction and sequencing of topics. In South Africa, Reeves and
McAuliffe (2012) and Stols (2013) investigated curricular coherence in the implemented
curriculum, as an aspect of opportunity to learn mathematics: curricular coherence was
measured in terms of the sequencing of mathematics topics and sub-topics by teachers over the
course of one year, on the basis of evidence in learners’ work books. So these definitions of
coherence are on a different scale to that of this study, which in line with the TIMSS Video Study,
investigated coherence in the implemented curriculum at the level of lesson content. Naidoo
and Green (2011) and Venkat and Naidoo (2013) analysed science and mathematics classroom
discourse respectively, for evidence of grammatical coherence in terms of systemic functional
linguistics. So while these research studies were also on the scale of single lessons, the focus
was on grammatical features such as grammatical and lexical cohesion, rather than on the

coherence of the lesson content itself.

In the literature on science teaching and learning, and language, there is considerable reference
to ‘argumentation’ and the need for teachers to teach such cognitive-language skills in science
(for examples see Newton, Driver & Osborne, 1999; Sadler, 2006; Yore et al, 2004). This has also
been taken up in South African research (for example see Msimanga & Lelliott, 2012). The
literature in this area has tended to focus on discursive moves in arguments such as claims,
grounds, warrants and backings (Newton et al, 1999) and generally has not made specific

reference to developing coherence in the science content of lessons.

However, the linking of facts to generalized conceptual frameworks and the development of a

hierarchical knowledge structure, would necessarily have to be done through logical argument.
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In line with this, Wellington and Osborne (2001, p. 83) emphasised the importance of
discussion in science lessons, in order to ‘[link] evidence and empirical data to ideas and
theories’; and Scott, Mortimer and Ametller (2011) pointed to the importance of learning how
‘scientific concepts themselves fit together in an interlinking system’ as an aspect of

‘pedagogical link-making’ (p. 8).

Thus in considering the opportunity to learn science from the perspective of the science content
of lessons, it seems important to examine to what extent the knowledge presented in the
observed science lessons is clearly, systematically and cumulatively linked to generalisable
principles and structured into conceptual frameworks; whether learners are inducted into the
scientific process of observation, deduction and application; and the extent to which the

reasoning processes are modeled and made visible, rather than being left implicit.

Summary

The nature of the science content in lessons has been considered from the perspectives of the
types of science content in lessons, the sources of science content, and the accuracy, density, and

coherence of the science content presented.

In this study, the analysis of the opportunity to learn science was based on the factors that have
been discussed, to arrive at a conclusion as to whether the science content in the lessons
supported or constrained the learners’ opportunity to learn science. What follows next is a
consideration of theoretical positions and empirical evidence on the question of language and

learning science.

Language and the teaching and learning of science: the ‘how’ of the curriculum

This research study set out to understand how science knowledge was constructed through
language in the observed classrooms, and which language practices seemed to support

opportunities to learn science. The specialised language of science is a part of what learners
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need to learn about science; and language is also the means through which science knowledge is
constructed in the classroom; so language and the science content of lessons are closely

intertwined. However for the purposes of this analysis they are teased out.

The classroom language has been further disaggregated and considered from two perspectives:
that of the bilingual practices of the teachers and learners; and that of the interaction patterns
in the classroom discourse. These two perspectives draw on different literature and research,

which are discussed in the following sections.

Teaching and learning in multilingual contexts

There is a rich literature and research into teaching and learning in multilingual contexts, (for
example Adendorff, 1996; Baker, 2001, 2011; Blackledge & Creese, 2010; Canagarajah, 2011;
Chick, 1996; Cummins, 2000; Ferguson, 2003; Garcia, 2009; Heugh, 2002, 2011; Hornberger,
1989; Macdonald, 1990a, 1990b; Lin & Martin, 2005; Makalela, 2015; McKinney, 2017;
Rubagumya, 1994; Setati, Adler, Reed & Bapoo, 2002) much of which argues in favour of
children learning though their home language or mother tongue - against predominant political
forces and opinions - both in the north where societal multilingualism frequently results from
immigration and speakers of languages other than the dominant social languages are often
minority groups; and in the south in post-colonial contexts, where the speakers of languages
other than the dominant societal and educational languages are in fact numerically in the
majority. These voices in favour of children learning though their home languages base their
arguments on the cognitive and affective benefits, which are backed by research. This literature

and research is discussed in the following sections, in relation to the research problem.

South African linguistic context
Classroom language practices in multilingual settings are nested within and shaped by

particular language ecologies (Creese & Martin, 2008) including language policies, perceptions
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and practices, which in turn have their roots in history, political contestation, social practices

and economic realities. South Africa is no different in this respect.

In South Africa, languages have been linked to historic political contestations and so language
policies have reflected shifting power relations. Today, English is the home language of only
9,6% of the population (Statistics South Africa, 2012) (see Figure 2.1.) and yet, it is the language
which dominates the political economy - despite the provisions of the South African
Constitution of 1996 (Republic of South Africa, 1996) that conferred official language status on
nine indigenous African languages, in addition to the former official languages of English and

Afrikaans.

25 12217

%

Figure 2.1. Home languages of South African population, Census 2011 (Statistics South
Africa, 2012)

As the map in Figure 2.2. shows, the geographic distribution of languages today also retains
much of the imprint of apartheid policies which restricted the movement of African language
speakers - apart from those whose labour was required in the cities - to racially and
linguistically defined homelands in rural areas. As a result, in rural and township areas such as

in the Eastern Cape province where this research was conducted, communities are often still
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relatively monolingual (Dempster & Reddy, 2007; Heugh, 2002), and learners have very little
exposure to English outside the classroom, either in oral or written form. It is only in

metropolitan areas that learners live in truly multilingual communities.
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Figure 2.2. Geographic distribution of languages, based on Census 2011 (Frith, n.d.)

Language-in-education policies and paradoxes
Hartshorne (1995) and Heugh (2008) have both provided detailed accounts of the development
of current language in education policies and perceptions in South Africa, which carry the

imprint of both colonial and apartheid histories and political struggles (see also Probyn, 2005).

Under apartheid, the different language policies for different race and linguistic groups meant

that most English and Afrikaans speakers learned through the medium of their home language,
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whereas African language speakers learned though the medium of their home language only for

the initial years of schooling and then switched to English medium instruction.

As is well known, the Soweto Uprising of 1976, a watershed point in South African history, was
sparked by student protests against proposals by the apartheid government to enforce the use
of Afrikaans as a language of instruction alongside English from year seven (Standard 5). As a
result of the protests, the government was forced to back down and the proposals for Afrikaans
medium instruction were scrapped; and thereafter the switch from home language to English

medium was set at the beginning of year five (Standard 3).

However Macdonald’s (1990a) seminal research showed that learners in Standard 3 did not
have the requisite English language skills in order to cope with learning though the medium of
English: for example, by the end of Standard 2, after learning English as a subject for three
years, learners could at best be expected to have an English vocabulary of 800 words; but in
Standard 3 they would need a core vocabulary of about 5 000 words to cope with learning all
their subjects though the medium of English (Macdonald and Burroughs, 1991, p. 15). This
proficiency gap meant that the language medium became an obstacle to learning, one that
Macdonald likened to ‘swimming up the waterfall’ (Macdonald, 1990b). The effect of this on
teaching and learning was that teachers resorted to translating lesson content into the learners’
home language and then giving them simplified notes in English to learn off by heart and
regurgitate in tests. This was illustrated in a group interview with Grade 12 students about their
experiences of switching to English medium instruction in Grade 5 (Probyn, 1995) (names have

been changed):

Asanda: ... our teachers were not reading the textbook, they were writing notes for us with the
simple English. Then after finish writing notes, they would explain those notes so that we can
read the notes from our notebook, so that we understand it.

Interviewer: OK. Then how did you come to write your exams? 'Cause you had to write your
exams in English? ....
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Luvuyo: When I was in Std 3, we used to memorise the notes and we didn't know what, sort of
the meaning of the words, we just memorised and closed the book...

Nomsa: Most of us done it.
Asanda: And the other thing, when you are going to write an exam, you see the question paper;
when they give you the question paper, they [the teachers] translate the question paper into

Xhosa so that you can know what is needed there so you can just rewind your memory and think
of when the teacher explained those words to you, so that you can remember those things.

Luvuyo: We didn't write ... when they asked us a question and we are writing an exam, we just
copy all ... we didn't write on our own to explain in our own words we just took the words from
our notes.

The metaphor ‘rewind your memory’ seems to capture the process of rote learning particularly

vividly.

The Language-in-Education Policy (LiEP) of 1997 (Department of Education, RSA, 1997) set out
to address these problems and in line with the constitutional recognition of eleven official
languages (Republic of South Africa, 1996), it sought to promote multilingualism as a means to
inter-group communication and nation building. The LiEP stipulated that learners should study
two of the official languages as subjects and one of these should be the language of learning and
teaching (LoLT); it advocated an ‘additive approach’ to multilingualism in order that learners’
home languages should be strongly maintained, preferably as the language of learning and
teaching; and it suggested that this would be the policy most supportive of ‘general conceptual

growth amongst learners’.

The theoretical arguments in support of this position were drawn from the field of
psycholinguistics - most notably in the work of Jim Cummins dating from the mid-1970s (see
Cummins, 2000) who claimed that successful second/additional language learning should be
based on strong proficiency in the learner’s home language. Cummins argued that learning an
additional language is different to learning a first language as generic language skills - such as
understanding how to decode print - that are already in place in the home language, can be

transferred to the additional language (Cummins, 2000); and that learners’ prior knowledge was
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likely to be encoded in their home language. So a sound grounding of both concepts and
linguistic skills could be transferred from the learners’ home language to the additional
language; and learning in the home language would benefit the development of understanding

and language skills in the additional language.

These ideas were supported by research evidence from Africa and the USA: in the ‘Six-year
Primary Project’ in Nigeria (Bamgbose, 1991) where the use of the learners’ Home Language as
language of learning and teaching was extended from three to six years, this resulted in
improved learning outcomes for learners in the six year programme, in their content knowledge
as well as their proficiency in English, although English was learned as a subject, and not used as

a LoLT (Heugh, 2011, p. 125).

In the USA, large-scale, longitudinal research by Thomas and Collier (2002) investigated the
effects of different models of bilingual education on content and language learning. They found
that the bilingual programmes that resulted in greatest learning achievement in terms of both
language and content, were dual language programmes where learners learned through the

medium of two languages.

More recent research in South Africa by Taylor and Coetzee (2013) came to similar conclusions:
in a large scale longitudinal study covering the population of South African primary schools, it
was found that learners who studied though the medium of their mother tongue for the first
three years of school, performed better in English as an additional language in Grades 4, 5 and 6,

than learners who had studied though the medium of English from Grade 1.

What is somewhat counter-intuitive in these findings is that although learners in these late exit
transitional and dual language models spent less time learning through the medium of English
than learners in the straight for English or early exit transitional models (three years or less of

learning through their home language, followed by a switch to the majority language, English),
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they achieved higher levels of proficiency in English as well as in their content subjects; and in
the South African example, even learners who had been in the early exit transitional
programmes, performed better in English than learners who had been in straight-for-English
programmes. These findings appear to demolish the argument for learning through the medium
of English from as early as possible so as to ensure higher levels of proficiency in English (time

on task argument); and likewise to support Cummins’ position on language transfer.

However in South Africa, the concept of additive bilingualism has not really been debated or
well understood beyond the confines of academia. In terms of the Language in Education policy
(Department of Education, RSA. 1997), decisions about school language policies have been
devolved to school governing bodies, composed of parents and teachers, the trend in township
and rural schools has been to introduce English as LoLT earlier (Probyn, Murray, Botha, Botya,
Brooks & Westphal, 2002). It appears that the instrumental need to acquire English, and the
assumption that time on task is the way to achieve this, paradoxically overrides a consideration

of how this might limit learners’ access to the curriculum and their academic success as a whole.

The result is that although only 7% of learners speak English at home, it is the chosen language
of learning and teaching (LoLT) for 81% of learners from Grade 4 onwards, (Department of
Basic Education, RSA, 2010, p. 16), with the majority of learners switching to English after an
initial period of up to three years of learning in their home language. Yet for many African
learners in township and rural schools, exposure to spoken and written English outside the
classroom is limited; and the historic legacies of apartheid mean that few such schools have

libraries and the necessary resources to support English learning.

As noted earlier, the South African TIMSS reports have suggested that the poor performance of
the majority of learners was at least in part because of their poor proficiency in the language of
the test when it was not their home language (Howie, 2001; Reddy, 2006, Prinsloo & Rogers,

2013). However, the poor reading literacy levels of Grade 4 and 5 learners in their home
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languages, in the international PIRLS studies (Howie et al, 2008; Howie, van Staden, Tshele,
Dowse & Zimmerman, 2012) point to the problem of literacy in general and the difficulties of

disentangling causal factors for poor academic performance.

Public opinion as to the most suitable languages for learning and teaching are frequently
expressed in the wake of poor results in national and international assessments (see for
example, “Hobbled by inadequate English,” 2014). However academic opinion has remained
divided on the issue with some advocating a straight for English approach on pragmatic
grounds, particularly in the more multilingual urban contexts (for example, Vinjevold, 1999)
while others have strongly argued for the benefits of home language LoLT - at least six years -
followed by dual medium LoLT, in what has been termed ‘mother tongue based bilingual

education’ (Heugh, 2002, 2011).

So the question of which language policies - and practices - are most supportive of the
opportunity to learn, and/or pragmatically possible, remains highly contested and as yet

unresolved.

Classroom language practices: policy-practice gaps

While much of the literature and language policy recommendations in multilingual contexts
have been in favour of mother tongue based and bilingual education models, advocates of such
policies and programmes have tended to adopt a negative view of codeswitching, or alternating

between languages within the same lesson.

So in the literature on ‘dual language’ bilingual programmes, the recommendation is that
languages should be strictly separated (Thomas & Collier, 2002, p. 126). This quite clearly
relates to the negative effect that codeswitching might have on language learning as
bilingualism is one of the principle goals of dual language programmes. The reasons given are

that if learners anticipate that lesson content will be repeated in their home language, they will
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tend to switch off when the teacher is explaining concepts in the additional language; and
teachers will not develop language support strategies such as modifying their language use and
using extra-linguistic support (Wong Fillmore, 1985); so this will compromise the very purpose
for learning through the additional language, that is, acquisition of the additional language.
Lindholm-Leary (2005) in a review of research and best practices in dual language programmes
found in favour of monolingual lesson delivery (p. 14) and noted rather tartly: ‘Some children in
partial immersion programs have developed the strategy of looking confused when they have to
respond in the second language because they have been reinforced for their confusion with
some well-meaning adult who translates for the “poor child”. Instructors who react in this
manner discourage students from developing listening strategies in the second language.’ (p.

18)

Recommendations for language in education policies in post-colonial Africa (Ouane & Glanz,
2011; UNESCO, 1953) have been in favour of mother tongue or home language LoLT, plus
learning an international language of wider communication. Along with this has gone a negative
view of classroom codeswitching - seen as an undesirable by-product of learning though an
additional language; for example Benson (2004, p. 208) referred to ‘unsystematic codeswitching

i.e. bouncing between languages without clear goals.’

An objection to codeswitching frequently given in relation to content learning in transitional
programmes has been that learners are assessed in the additional language and need to be able
to understand and express the content in the language of assessment and the assumption is that
learning concepts in their home language will undermine this process (see for example Alidou &

Brock-Utne, 2011).

However there have been some counter voices in relation to dual language programmes such as
Tikunoff (1985) who found that alternating between languages for clarity when students

appeared puzzled, was one of five significant features of successful bilingual education. Genesee
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(1987) also supported the use of the learners’ ‘native language’ by both teachers and students,
when necessary to clarify their message and when all else failed, but cautioned against overuse
of this strategy ‘as ultimately the success of second language learning depends on the learners

having to rely exclusively on the target language for communication’ (p. 182).

Nevertheless, as has been widely reported in the literature, in post-colonial contexts where a
former colonial language is used as language medium in education, there is frequently a gap
between the demands of the curriculum and learners’ proficiency on the LoLT; and a resultant
gap between policy expectations and practical classroom realities. In these contexts, teachers
are very conscious of their responsibility to teach both lesson content and language; and of the
tension between these objectives: Setati, Adler, Reed & Bapoo, (2002, p. 84) in the South African
context referred to ‘the dilemma between access to meaning and access to English’. Similarly,
Wong Fillmore and Valadez (1986, p. 653), writing in the context of the USA, observed that two
goals of bilingual education programmes - namely that of content and language learning - are,
from a strictly practical perspective, in conflict; and that ‘to accomplish both these goals at the

same time ... requires that the competition between (them) ... be recognised and resolved.’

In such classrooms, as Macdonald (1990b) noted, the teacher’s practice is moulded by the
language proficiency of the learners; and a common pragmatic response is for teachers to
switch to the learners’ home language during classroom talk, to achieve a range of cognitive and
affective goals, while reading, writing and assessment are conducted solely in the additional
language - most commonly, English. Such policy-practice gaps and resultant bilingual practices
have been described in the literature both internationally (see for example: Arthur, 1996 in
Botswana; Lin, 1996, in Hong Kong; Clegg & Afitska, 2011 in sub-Saharan Africa; Martin, 1996,
in Brunei; Merritt, Cleghorn, Abagi & Bunyi, 1992, in Kenya; and Martin-Jones, 2000 and
Ferguson, 2003, for overviews); and in South Africa (see for example, 6, 1993; Probyn, 2001,

2006, 2009; Setati et al, 2002).
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Despite such practices being widespread, classroom codeswitching has also tended to be
regarded as a deficit classroom practice by educational authorities, and stigmatized as an
indication of failure (Adendorff, 1996; Baker, 2001; Garcia, 2009; Setati et al, 2002; Probyn,
2009; Wei & Martin, 2009). Consequently codeswitching practices are frequently covert: for
example in my own research a teacher referred to ‘smuggling the vernacular into the classroom’
(Probyn, 2009, p. 123) - an issue that was explored from an international perspective by Wei

and Martin (2009).

Set against these largely negative attitudes towards codeswitching in the literature on bilingual
education, is another body of literature coming from socio- and psycholinguistics that
considered the naturally occurring language use in multilingual social settings, including
classrooms in post-colonial contexts (for example: Adendorff, 1996; Canagarajah, 2011; Creese
and Blackledge, 2010; Ferguson, 2003; Garcia, 2009; Hornberger, 1989; Lin, 2005; Martin, 2005;
Martin-Jones, 2000; Probyn, 2005, 2009; Setati et al, 2002). Rather than taking a prescriptive
view of what teachers should do in the classroom, these writers have examined how teachers
and learners exploit the linguistic resources available to them to engage students in learning.
Central to this research has been the study of classroom codeswitching, which has been
regarded as a ‘communicative and pedagogic resource in bilingual contexts’ (Ferguson, 2009, p.
231). This marks a shift in attitude towards learners’ home languages in bilingual contexts,

from that of a problem to that of a resource (Cummins, 2001).

In this field of research the focus has been on the documentation of the different patterns and
functions of classroom codeswitching and responses of teachers to the tensions between policy
demands and the learners’ language proficiency - most frequently in post-colonial settings (see
for example Wei and Martin, 2009). In the same volume, Ferguson (2009, p. 232) summarized
the main functional categories of classroom codeswitching in such contexts as broadly relating

to:
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* constructing and transmitting knowledge
* classroom management

* interpersonal relations

Recent writing in the field of bilingual education, reflecting the ‘multilingual turn’ (May, 2013),
has challenged the monolingual assumptions underpinning the notion of bilingualism as the
sum of two separate languages or ‘two solitudes’, as Cummins put it (Cummins, 2008, p. 588),
but has instead taken the view that languages comprise a common linguistic resource that can
be drawn on flexibly, including in classrooms. Accompanying this has been an
acknowledgement of ‘the fluid ways in which languages are used’ in multilingual contexts -
what Garcia (2009) has described as ‘languaging’ (p. 23) and ‘translanguaging’ when it refers to
moving between languages (see also for example Canagarajah, 2011; Creese and Blackledge,
2010; Makalela, 2015; McKinney, 2017). These ideas have parallels in the South African context
with proposals for a ‘modified dual medium’ multilingual model made by Heugh (1995) in
which she suggested that ‘teachers need to be flexible about when and where they alternate
between the two languages of learning’ (p. 85). Unfortunately the models for bilingual education
proposed by Heugh and others (see Heugh, Siegruhn & Pluddemann, 1995) have not been taken

up by education authorities in South Africa.

As mentioned previously, Cummins has contributed the idea that language skills and ideas
learned in the learner’s home language, can be transferred across languages to the additional

language (Cummins, 2000, 2007):

(W)hen students’ L1 is involved as a cognitive and linguistic resource through bilingual
instructional strategies, it can function as a stepping stone to scaffold more accomplished
performance in the L2 (2007, p. 238).

39



Thus classroom translanguaging practices have come to be regarded as not only mirroring the
authentic language practices outside the classroom, but also as cognitively sound practices

within classrooms.

However, as Ferguson (2009) has pointed out, there is little research that examines the learning
effects of such flexible bilingual practices in the classroom. He argued that if such research were
to show that translanguaging/codeswitching practices at least did not have negative effects on
additional language acquisition, it would defeat the arguments against such practices i.e. the
‘time on task’ argument against the use of learners’ home language when the LoLT is an

additional language.

In addition, Ferguson (2009) made the point that translanguaging/codeswitching practices vary
widely in terms of the balance of languages used, the base-language, and direction of switches;

and claims that these variables would make for different learning effects.

The consensus appears to be that although codeswitching is a common practice in bilingual
classrooms, it is rarely a pre-determined teaching and learning strategy (Adendorff, 1996;
Baker, 2001, p. 279; Clegg & Afitska, 2011; Ferguson, 2003; Probyn, 2001), but rather a
‘pragmatic response to the local classroom context’ (Blackledge & Creese, 2010, p. 203); and so
there have been calls for such flexible bilingual language use to be developed into a systematic
and planned pedagogical strategy and for such language strategies to be included in teacher
training programmes (Alidou & Brock-Utne, 2011; Benson, 2004; Ferguson, 2009; Probyn,

2006; Setati et al, 2002).

Language practices in bilingual classrooms: clarifying terminology
At this point is seems useful to attempt to clarify the various terms used to describe language
use in the classroom and to fix the meanings, at least for the purposes of this research. Up to this

point, the terms have been used as they appear in the literature.
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As is widely reported in the literature, in multilingual classrooms teachers and learners
frequently draw on more than one language for a range of functions; and these practices may be
part of a planned bilingual curriculum or may arise fairly spontaneously in response to
particular needs. It seems that the term language alternation as used by Clegg & Afitska (2011,

p. 62) is a useful way of describing switches between languages in general.

Lewis, Jones & Baker (2012a. and 2012b.) explored more recent developments in the literature
on bilingualism, in terms of both terminology and ideology; and usefully distinguished between

the terms ‘codeswitching,’ and ‘translation; and the more recent concept of ‘translanguaging.’

Classroom ‘codeswitching’ has generally referred to relatively short switches from the official
LoLT to another language, usually the learners’ home language, and back again (Clegg & Afitska,
p. 62). However it has also on occasion been used fairly loosely to refer to all forms of language
alternation in bilingual contexts, not only in classrooms. In this research, the term is limited to
the former meaning: switches between languages of relatively short duration. ‘Translation’ in
the bilingual classroom refers to repetition by the teacher of lesson content or instructions in
the learners’ home language. Both these forms of language alternation may occur in bilingual
educational settings where they have been regarded, at best, as temporary deviations from a
monolingual ideal, in contexts where ‘monolingual ideologies hover over the classroom’ (Wei &

Martin 2009, p. 119).

As mentioned, more recent literature on the matter has reframed bilingual classroom practices
in terms of ‘translanguaging,’ defined by Baker (2011) as ‘the process of making meaning,
shaping experiences, understandings and knowledge through two languages. Both languages
are used in an integrated and coherent way to organize and mediate mental processes in
learning’ (p. 288) (own emphasis). The term ‘translanguaging’ was originally used in relation to
Welsh bilingual education programmes, where the teacher used both English and Welsh in the

classroom and varied the two languages for input and output activities, in the interests of
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developing bilingual language proficiency as well as for the perceived cognitive benefits

(Williams, 1996 in Lewis et al 2012a).

However as Lewis et al (2012a) noted, the original term ‘translanguaging’ has been taken ‘from
school to street and beyond’ by Baker (2011) Canagarajah (2011), Creese and Blackledge
(2010) Garcia (2009), Hornberger and Link (2012) and others, to encompass societal bilingual

practices more generally, as well as to refer to a range of bilingual practices in the classroom.

Clegg and Afitska (2011), in writing about language alternation in African classrooms, made a
very useful distinction between codeswitching, translation as well as longer stretches of
monolingual talk by teachers or learners in either language, which might vary according to the
learning activity, with the learners’ home language frequently used for exploratory talk and the
official LoLT for presentational talk. I propose to term the latter form of language alternation in
classrooms as translanguaging, as it seems to me to be distinguished in form, function and
ideological orientation from classroom codeswitching and translation. Whereas codeswitching
and translation reflect a temporary deviation from a monolingual ideal, the notion of
translanguaging reflects acceptance of a heteroglossic, multilingual reality and a more
comprehensive and flexible use of the classroom language resources to mediate learning. As
Lewis et al, (2012 b) note, the difference between codeswitching and translanguaging is in part

ideological as

code-switching has associations with language separation, while translanguaging celebrates and
approves flexibility in language use and the permeability of learning through two or more
languages. Particularly in the bilingual classrooms, translanguaging as a concept tries to move
acceptable practice away from language separation, and thus has ideological - even political -
associations’ (p. 659).

What the concept translanguaging usefully allows is to pull together concepts from the field of

bilingualism and map them onto concepts from the field of classroom discourse; to examine
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longer stretches of classroom discourse and the bilingual practices within them; and to explore

the possible learning benefits of such practices.

Lewis et al (2012b) noted too that translanguaging is ‘an emergent educational concept’ (p.
667) and that ‘a wealth of future research is needed to establish when, where, and how
translanguaging is a suitable teaching approach.” (2012a. p. 651). The concept of
translanguaging is one that has recently been taken up in South African classroom-based
research (see Makalela, 2015; McKinney, 2017, Probyn, 2015). This research study is a further
contribution to such to the development of the emergent educational concept of

translanguaging and what it might mean in classroom practice.

Summary

While language policies and paradoxes in the South African context frame this research, it is
beyond the scope of this study to explore and/or recommend alternative policies, so the
discussion has been confined to exploring teachers’ practices within these policy constraints.
The situation is that in Grade 8, the majority of learners learn though the medium of an
additional language; and very many learners do not have the necessary proficiency in the LoLT
to adequately access the curriculum. So the question how teachers mediate learning under such

conditions, looms large in a consideration of opportunity to learn in Grade 8 science classrooms.

It appears that a reorientation from a view of bilingualism as ‘monolongualism times two’,
(Garcia, 2009, p. 71) along with the notion of the ideal of the strict separation of languages in
the classroom, to a more heteroglossic view of languages as resources to be used flexibly in

response to learners’ needs, might open up pathways to more effective practices.

Debates and research on language and learning in South Africa have been dominated by these
questions of language policies and practices in terms of the language/s of learning and teaching.

This has tended to overshadow a related aspect of language and learning, namely the nature of
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the classroom discourse and how teachers and learners engage in constructing knowledge
though classroom talk - an aspect that has received considerable attention in contexts that are
generally more linguistically homogenous. What this study of language and the opportunity to
learn science attempts to do is to draw together these two different perspectives in the
literature on language and learning: those of classroom discourse and of bilingual /multilingual

classroom practices.

What follows in the next section therefore, is a discussion of the theories and research relating

to classroom discourse and the construction of science knowledge.

Classroom discourse

As stated, the broad theoretical framework for this research is that of a socio-cultural approach
to language and learning that encompasses learning in general (see Alexander, 2001, 2006;
Barnes, 1976, 1992; Mercer, 1995; Wells, 1999) and learning science in particular (see Lemke,
1990; Martin, 1990; Ogborn, Kress, Martins & McGillicuddy, 1996; Mortimer & Scott, 2003;

Sutton, 1992; Wellington & Osborne, 2001).

The literature on classroom discourse covers a wide range of perspectives: linguistic,
psychological, sociological and educational and there have also been useful cross-disciplinary
perspectives: for example Wells has drawn on both socio-cultural theory and systemic
functional linguistics in the work of Vygotsky and Halliday to argue for the complementary
contribution of these theories to a ‘language-based theory of learning’ (Wells, 1999); Christie
and others in the systemic functional linguistics field have engaged with the sociology of Basil
Bernstein in examining and explaining classroom discourse and learning (Christie, 2002); and
Gibbons draws on the complementary insights of systemic functional linguistics, Bernsteinian
theory, socio-cultural theory and second language acquisition theory in analyzing classroom

discourse and the process of learning (Gibbons, 2006).
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The focus of this research is primarily educational rather than linguistic: how  science
knowledge is constructed by teachers and learners through the classroom discourse and
whether the discourse practices of teachers and learners appear to increase or diminish the
opportunity to learn science. As Edwards and Mercer (1987) have noted: ‘it is essentially in the
discourse between teacher and pupils that education is done, or fails to be done’ (p. 101). This
means too that the focus of the analysis is on both the science content and the discourse

patterns.

Teacher-learner talk

Ground breaking work by Barnes (1976, 1992), from a socio-cultural perspective, arose from
concerns about the domination of teacher talk in lessons; and argued for the importance of
pupil talk in learning. Barnes drew an important distinction between the functions of
‘exploratory talk’ by learners where the focus is on sorting out their own ideas, and
‘presentational talk’ when they offer a ‘final draft’ for display and evaluation; and pointed out
the importance of both at difference stages in a lesson. Later work in this line (see for example:
Alexander, 2001; Gibbons, 2006; Mercer, 1995, Mortimer & Scott, 2003; Wells, 1999) meshed
with work from linguistics on classroom discourse interaction patterns, to identify patterns of

interaction that appeared most supportive of learning.

Patterns of classroom interaction

Linguistic research that was primarily interested in the structure and turn taking patterns in the
particular context of classrooms, identified the dominant pattern of classroom interaction as
that of teacher-led question and answer, with an 'initiation (question by teacher), response (by
learner) and evaluation (by teacher) - commonly known as IRE exchanges (Mehan, 1979),
sometimes as initiation, response, feedback (IRF) from Sinclair and Coulthard (1975); and as

'triadic dialogue’ by Lemke (1990). An example might be:

D Teacher: What are the elements making up water?
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(R) Learner: Hydrogen and oxygen.
(E) Teacher: Right.

This tightly controlled pattern of classroom interaction has been strongly criticised by some
education researchers for limiting learners' participation and thinking (see Wells, 1999 p. 167-

168 for a discussion of this).

A reevaluation of the negative perceptions of the dominant IRE pattern of classroom interaction
was proposed by Wells (1999) who suggested that the third turn in such triadic dialogue - the
‘evaluation’ (E) move - could be modified as ‘feedback’ (F); so that rather than closing down a
student’s participation with an evaluation, the teacher could instead utilize this move to build
on the student’s response by requesting the student to clarify, exemplify, expand, explain or
justify their response, and so provide the point of departure for the next IRF triad (e.g. IRFRFRF
...). It is through this ‘contingent responsiveness’ to learners’ contributions, that the feedback
move functions as a pivot in chaining and expanding the basic IRF exchange into a ‘genuine
dialogic co-construction of meaning’. In this way the teacher could be regarded as ‘working on

understanding within the student’s Zone of Proximal Development’ (p. 86).

Subsequently, Alexander’s work on dialogic teaching (2006) has prompted a reappraisal of such
whole class dialogue that ‘chains ideas into coherent lines of thinking’, enabling teachers to
engage learners in linking of facts and observations through argument into conceptual
frameworks in what amounts to reasoning aloud - a critical aspect of content coherence.
Alexander described the dialogic classroom talk as ‘collective, reciprocal and supportive’ and
‘concerned with the conduct and ethos of classroom talk’, as well as being ‘purposeful and

cumulative’ in terms of the lesson content (Alexander, 2006 p. 49).

Alexander referred to this kind of classroom discourse as ‘scaffolded dialogue’ (2000, pp. 526-

527); Gibbons as ‘dialogic exchanges’ (2006 pp. 116-117); Mercer and Littleton as ‘reasoned

46



dialogue’ (2007, p. 133); and Mortimer and Scott as ‘interactive-dialogic’ approaches (2003, p.
105). Such structured whole class talk enacts a visible pedagogy that is convergent; the class is
treated as a single unit and the responses of individual learners are taken to represent the levels

of understanding of the whole class (Alexander 2001, p. 428).

Alexander along with prominent educational researchers in the field of classroom discourse
(see for example, Gibbons, 2006; Mercer & Littleton, 2007; Mortimer & Scott 2003) have
rejected simplistic dichotomies between teacher-centred and learner-centred approaches,
instead claiming that teachers need to develop a range of discourse repertoires; and that in
science lessons for example, different patterns of classroom discourse and interaction function
for different purposes at different points in a lesson - and the key question is whether
interaction patterns in the discourse are appropriate for the stage and learning purpose in a

lesson.

In the context of science lessons, Mortimer and Scott (2003) pointed out that practical work
does not speak for itself, and it is in the interactive talk during and following practical activities
that the learning of the science concepts takes place (p. 1). However, while it is important for
learners to have the opportunity to discuss their own ideas, they ‘will not stumble upon, or
discover, the key concepts ... of science for themselves’ and they need an ‘authoritative
introduction to the scientific point of view’ (p. 106). So ‘there will always be a tension between
dialogic and authoritative discourse and a key part of the teacher’s role is to strike an effective

balance between [the two]’ (pp. 106-107).

Based on the above understandings, Gibbons (2006, p. 114) proposed a range of possible

classroom discourse interaction patterns on a cline from least to most learner participation:

* teacher monologue where the teacher does not seek verbal responses from students;
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* IRF (Initiation-response-feedback) where the teacher seeks one word or brief answers
from students;

* dialogic exchanges where IRF exchanges are chained into semantically linked sequences
and depend on the contingent responses of the teacher;

* participatory exchanges where agenda is shaped by all participants - mainly in group

work.

Another form of classroom interaction that is particularly prevalent in post-colonial contexts
where the language of learning and teaching is an additional language (usually the formerly
colonial language), has been described as 'oral cloze' (Cath & McLellan, 1993 cited in Martin,
1996): that is, when a teacher asks a class a question and cues the response - very often by
leaving out a word for a learner or the whole class to fill in and signaled by a rising, questioning
tone. This functions as part of ‘ritualised participation strategies, designed to keep the students
involved rather than requiring an answer to a question’ (Hardman, 2008 p. 139); and as
Macdonald (1990a) and Chick (1996) have pointed out, it enables learners to participate in a
lesson without necessarily understanding the lesson content; for this reason Chick referred to
this kind of as classroom interaction as ‘safe-talk’ as he claimed it allowed teachers and learners
to maintain an appearance of participating in teaching and learning, without exposing their lack
of subject knowledge or language proficiency. There are some differences in the literature as to
the term used for this type of practice: for example Macdonald referred to ‘Rote Rhythm’
(1990a. p. 143); and Gibbons (2006) and Hardman (2008) have referred to it as a form of ‘cued
elicitation’; I propose to stick to the term used by Martin (1996) and others, namely ‘oral cloze’
as it seems to capture the purpose more accurately. On Gibbons’ cline it would fit in between

‘teacher monologue’ and IRF.
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As Gibbons (2006) pointed out, a science lesson would follow fairly predictable stages, in what
she referred to as a ‘curriculum macro-genre’ (p. 101, following Christie, 1995), with different

forms of classroom organization and patterns of interaction at different stages:

Stage 1: review and orientation (whole class activity)

Stage 2: setting up new task (whole class activity)

Stage 3: carrying out task (group activity)

Stage 4: reflection on task and making sense of what has been done - identifying scientific

principles (whole class activity)

Stage 5: (optional stage) Written work based on 4. (individual or group activity)

So in Stage 1, the predominant discourse structure might well be that of a brisk IRE/F exchange,
as the teacher reviews and checks on prior understandings; in Stage 2, a teacher monologue
might predominate as the teacher gives instructions; Stage 3 would mainly involve learners in
participatory exchanges, with some input from the teacher; and the fourth stage - reflecting on
the practical task - is where the dialogic exchanges would engage learners in making sense of
the practical experience and recontextualising it in terms of science knowledge, following an
explanatory arc of description - explanation — generalization (Mortimer and Scott, 2003, p. 26).
The final writing stage of the lesson, would involve learners in a shift across the mode

continuum, in consolidating and applying the ideas that had been developed orally.

Building conceptual coherence though the discourse

In the section on science content, reference was made to the importance of lesson coherence in
learning with understanding: that is, linking and organizing of facts into generalized conceptual
frameworks, and the supporting of conceptual frameworks with rich factual detail (Donovan &

Bransford, 2005). It would seem that this coherence of lesson content, would be achieved at the
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fourth stage of the lesson, when the teacher engaged and guided learners in developing the
scientific argument, through dialogic exchanges. Likewise, it would seem that in classrooms
where there is not evidence of dialogic discourse at this point in the lesson, it is likely that
lesson content would be left as fragmented bits of information: one can conclude therefore that
dialogic discourse would be a necessary condition for engaging learners in developing
conceptual frameworks and understanding; and developing a vertical knowledge structure in

science lessons.

Alexander (2006) makes the additional point about such classroom discourse that forms the
basis of what he terms dialogic teaching, namely that it is cumulative, with ideas and meaning
linked both within and across lessons - referring to what Mercer and Littleton (2007) have
identified as the temporal nature of classroom discourse. This means that in order to investigate
the development and cumulation of ideas within and across lessons, it is necessary to study
stretches of discourse that are long enough to encompass a teaching-learning cycle, or ‘coherent
acts of teaching’ (Alexander, 2000, p. 439) starting with the introduction of a new concept, to an
assessment of what has been learned (see also Christie, 2002, p. 23; Gibbons, 2006; Mercer &

Littleton, 2007; Mortimer & Scott, 2003).

For teachers to engage learners in such classroom discourse practices, it is necessary that
teachers have in-depth subject knowledge, so as to be able to deviate from a narrow lesson
script when required, in order to be contingently responsive to learners’ contributions. Carlsen
(1992) for example, showed that when teachers did not have sufficient subject knowledge they

were not able to develop concepts in a dialogic and interactive manner.

Bridging discourses
So, on the one hand, classroom discourse is the means though which the vertical knowledge

structure of science may be constructed by teachers and learners; but also, it may serve to
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bridge the gap between the learners’ home language and school language in general; and the

language of school science in particular. Lin (2012) provides a useful summary

As described earlier, science knowledge constitutes an uncommonsense view of the world; and
the language knowledge and skills necessary for learning in school in general, and for learning
science in particular, are generally very different to the everyday knowledge and language that

learners bring with them to school.

Bernstein and others have shown that the gap between ‘community code’ and ‘school code’
(Taylor, Muller and Vinjevold, 2003) is generally greater for learners from poorer socio-
economic backgrounds than those from middle-class backgrounds. Cummins (2000) has
usefully described the kind of oral language knowledge and skills that learners bring to school
as ‘Basic Interpersonal Communication Skills (BICS)’ - which operate in a face-to-face situation
and as such are ‘context-embedded’; and contrasts these with the ‘Cognitive Academic Language
Proficiency (CALP)’ that is required by schooling and which operates in a situation that is
abstracted from immediate experience - ‘context-reduced’ - and marks a shift along the mode

from a more spoken-like form, along a continuum to a more written-like form.

In addition to this general shift from ‘BICS’ to ‘CALP,” learners have to master the particular
discourse of science, which (as described earlier) is different to everyday language in that it
employs a wide range of specialized terminology, as well as utilizing everyday terms with new
specialized meanings. Science discourse is also lexically dense, partly through the grammatical
process of nominalization, which makes it particularly challenging for learners to read and
write (Lemke, 1990; Martin, 1990; Mortimer & Scott, 2003; Ogborn et al, 1996; Sutton, 1992;
Wellington & Osborne, 2001). In addition science is expressed though particular written genres
such as procedures, explanations, reports and arguments, which are structured differently to
the written genres that children are most familiar with such as recounts and narratives (Martin,

1990).
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The nature of science knowledge is that it is empirically based and so learners also need to
bridge the gap between observation of particular phenomena, to understanding how these
observations relate to generalised principles and broader conceptual frameworks and are
linked into a vertically structured body of knowledge. These scientific concepts are frequently at
odds with learners’ existing common sense understandings, which are sometimes hard to

displace (Mortimer & Scott, 2003).

The challenges of bridging the gap between community language and school language; and
everyday language and science language apply to all learners, irrespective of their particular
home language. But when learners are learning through the medium of a language that is not
their home language, there is an additional linguistic challenge - as is the case for the majority

of learners in South Africa.

Research by Gibbons (2006) has shown how good teachers orchestrate a 'bridging discourse' in
order to support learners as they move along the oral to written mode continuum: from face-to-
face, context-embedded talk around practical activities, that utilises everyday knowledge and
language - what Bernstein has referred to as horizontal discourse - to using more abstract,
context-reduced, generalised, scientific knowledge and language - Bernstein’s vertical discourse

(O’Halloran, 2007).

In addition, in the multilingual South African context, many teachers utilize the learners’ home
language as a bridge to understanding the lesson content in English. Setati et al (2002)
described this ‘journey’ from ‘informal’ exploratory talk in the learners’ home language to
‘formal written science discourse in English, as following a range of possible paths. This is
closely echoed by Lin (2012, p. 93) in the multilingual context of Hong Kong, where she refers to
the notion of ‘bridging resources’ in multilingual classrooms and different possible pathways

from L1 everyday oral language to L2 academic written language.
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As already discussed, language in education policies and practices are an important and fiercely
debated issue in South Africa, and so the bilingual aspects of bridging discourses have been

dealt with separately in the analysis of the data.

Research into language and learning

Much of the research on classroom discourse and learning has been based in the UK, building on
the work of Barnes (1976, 1992) (see Mercer & Hodgkinson, 2008; Mercer, 1995; Scott, 1998;
Wells, 1999). Alexander’s magnum opus - a comparative cross cultural study of teaching in

classrooms in five countries (2001) led to a renewed focus on ‘dialogic’ whole class teaching.

Gibbons (2006) in Australia provided a very useful research model in that she analysed the
discourse patterns and science content across whole lessons, with a particular focus on what
she termed ‘bridging discourses’ that supported learners in bridging the gap between everyday
knowledge and language; and science knowledge and language, while also moving across the

mode continuum from speaking to writing.

However, although many of the learners in the UK studies, and Gibbons’ study were second
language speakers of English, there was not a specific focus in these studies of the learners’
home language and its role in learning. Research studies with a specific bilingual focus (for
example: Benson, 2004; Canagarajah, 2011; Creese & Blackledge, 2010; Cummins, 2000, 2008;
Ferguson, 2003, 2009; Garcia, 2009; Hornberger, 1989; Martin, 1996) have also tended not to

take the structure of classroom discourse into account.

In South Africa, there has been much research on classroom codeswitching (for example:
Adendorff, 1996; Macdonald 1990a & b, 1991; Probyn, 2001, 2006, 2009; Setati, et al., 2002,
Rollnick, 2000) but less on classroom discourse that has looked explicitly at the construction of
knowledge. Macdonald’s focus was on the limitations that the switch to English in Grade 5

placed on teaching and learning and she identified a discourse structure - Rote Rhythm - that
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appeared common in South Africa as well as other post-colonial contexts where learners learn
though the medium of a poorly acquired former colonial language (Arthur, 1996; Benson, 2004,
Chick, 1996). Setati et al (2002) described classroom codeswitching as a ‘dilemma-filled’
practice and also noted that teachers needed to bridge the gap between home
language/everyday language and the particular subject discourses of schooling; and that this
‘journey’ might proceed along a range of possible paths. However this research did not include a
detailed analysis of classroom discourse, except to note that the journey from oral everyday
knowledge in the learners’ home language to written, subject specific discourse in English was
rarely completed, with lessons most often shifting abruptly from group discussion in the
learners’ home language to teacher exposition in English. So it appears that there is a gap in
terms of research in South Africa and internationally, that examines the construction of science
knowledge through the classroom discourse in bilingual contexts; and what language practices

might offer the best opportunities to learn science - a gap that this research seeks to fill.

Summary

Necessary conditions for the opportunity to learn OTL science are that the science content
presented in lessons, should be empirically based, with real world application; and that it
should be accurate, and appropriately paced. However, these factors are not sufficient; and for
learning with understanding, the science content of lessons also needs to be coherent: that is,
science facts need to be linked through argument into conceptual frameworks; and conceptual
frameworks need to be supported by rich factual detail (Donovan & Bransford, 2005; Shalem &

Slonimsky, 2010).

This vertical structuring of science facts into coherent conceptual frameworks seems best
achieved though engaging learners in extended stretches of dialogic discourse, at the point in
the lesson when making sense of empirical observations and evidence, and making links to

everyday applications. But as Alexander (2006), Gibbons (2006) and Mortimer and Scott (2003)
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have noted, dialogic discourse is appropriate at the sense-making stage of a lesson; but it is one
of a range of possible discourse strategies; and teachers will shift between authoritative and

dialogic discourse patterns at different stages in a lesson.

In addition to constructing with learners the vertical content knowledge of science, teachers
need to help learners to make links between the language of home and the language of
schooling in general, and the language of science in particular. In the complex bilingual contexts
such as exist in township and rural schools in South Africa, the challenges of bridging
knowledge and discourses from home to school are greatly increased. A distinction between the
notions of codeswitching and translanguaging seems helpful in a consideration of the

opportunity to learn in these classrooms.

The theories and research from the literature form the framework for the analysis of language
and the opportunity to learn science in the observed classrooms, and the discussion of the

research findings, in the chapters that follow.
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CHAPTER THREE: RESEARCH METHODOLOGY

This chapter describes the research methodology employed to answer the research questions

presented in chapter one. The questions are reiterated below for ease of reference:

The main research question that guided this research was as follows:

In what ways did the lesson content and the classroom language practices combine to construct

or constrain the opportunity to learn science?

Subsidiary questions that followed were:

* What was the nature of the science content knowledge that was developed in the
observed lessons?
o What types of science content knowledge were presented in the observed
lessons?
o What were the sources of the science content knowledge in the observed
lessons?
o How accurate was the science content knowledge that was presented in the
observed lessons?
o How much science content knowledge was there in the observed lessons?
o How coherent was the science content knowledge between and within the
observed lessons?
* Did the classroom discourse appear to support or constrain the learners’ opportunities
to learn science?
o What was the relative balance of teacher-learner talk?
o What were the predominant discourse interaction patterns in the lessons and in

what ways did they engage learners in developing science knowledge?
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o What bridging discourses did the teacher engage learners in to bridge the gaps
between everyday knowledge and language and science knowledge and
language; between practical and theoretical knowledge; and between spoken
and written language?

* Did the languaging practices of teachers and learners appear to support or constrain the
learners’ opportunities to learn science?

o How did teachers and learners utilize the available linguistic resources of

isiXhosa and English to access and develop science knowledge?

Research approach

The large-scale TIMSS studies of 1998/99 (Howie, 2001) and 2003 (Reddy, 2006) provided the
backdrop to this research study in that they assessed South African Grade 8 learners in
mathematics and science, in comparison to learners internationally. The poor performance of
South African learners in these and successive assessment studies has been cause for much
concern; and questions have been raised as to the possible causes. An obvious question to ask,
in line with a key concept coming out of the successive IEA studies such as TIMMS (see
McDonnell, 1995), is: did the South African Grade 8 learners in fact have the opportunity to
learn science? Although the TIMSS studies internationally provided data about the contexts of
teachers, learners and schools, which provided some indication of opportunity to learn, this
data was collected by means of questionnaires and there was no direct observation of

classroom practices to shed light on the ‘black box’ of the implemented curriculum.

This shortcoming prompted the TIMSS Video Studies for mathematics (Hiebert et al, 2003) and
science (Roth et al, 2006), which as their titles suggest, used videotapes of mathematics and
science lessons in seven and five countries respectively, to identify and compare opportunity to
learn mathematics and science. These studies provided a stimulus and starting point for my

own research and analysis, as discussed later.
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As Cohen, Manion and Morrison (2007) have noted, case studies can provide the kind of fine-
grained analysis to complement large-scale quantitative studies (p. 255; see also Robson, 2007
p. 255). On account of their small-scale, in-depth nature, case studies fall into the broad
qualitative research paradigm. The term case study has been used to describe a wide range of
research purposes and designs (Bassey, 1999 p. 57): these include what Bassey refers to as
‘educational’ case studies - those concerned with the understanding of educational action; and
‘explanatory’ case studies that ‘present(s) data bearing on cause-effect relationships’ (Yin, 1993
in Bassey, 1999 p. 29). Bassey (1999) has argued for educational case studies as a ‘prime
strategy for developing educational theory which illuminates educational policy and enhances
educational practice’ (p. 57), and according to Adelman et al (in Cohen, Manion & Morrison,

2007 p. 256) case studies can be ‘a step to action.’

As my concerns were to understand educational action and the effects thereof; and to enhance
educational practice through this understanding, an educational, explanatory case study
seemed the most appropriate research strategy. In addition, as Stake (1994 in Cohen, Manion &
Morrison, 2007) has pointed out, case studies may be concerned with individual cases, or with
multiple cases to gain a fuller picture; and as the latter was my intention, I decided to undertake

a multiple case study of eight Grade 8 science classes.

Accordingly, this research study could be best be described as a multiple, educational,
explanatory case study, aimed at providing a fine-grained analysis of eight Grade 8 science
classrooms in bilingual rural and township schools in the Eastern Cape Province, in order to

investigate the opportunity to learn science in these classrooms.

The concept ‘opportunity to learn’ has been discussed and justified in chapter one; this concept
provided the overarching theoretical framework for this study. In this study, ‘opportunity to
learn’ has been analysed from two complementary perspectives: the science content of the

observed lessons, and the language used to construct this science knowledge. In turn, the
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classroom language has been considered from two further perspectives: that of the interaction
patterns in the classroom discourse, and the teachers’ and learners’ use of the bilingual linguistic

resources available to them.

This dual focus on lesson content and language used to construct that content, falls into the
broad socio-cultural framework that draws on the original work of Vygotsky (1962) and is
centred on language and learning in social contexts. Researchers in this field such as Alexander
(2000), Christie (2002), Gibbons (2006), Mercer and Littleton (2007), Mortimer and Scott
(2003), all have made the point that much of the linguistic research on classroom discourse has
tended to focus on pedagogy and the surface patterns of classroom interactions, based on
relatively short extracts from lesson transcripts, while glossing over the meaning or content of
lessons. This has prompted calls for the study of longer stretches of classroom discourse, where
meanings are constructed over time and across lessons. Hence in this study, the main - set
consisted of a series of five consecutive science lessons per teacher; and the analysis has made
use of fairly lengthy extracts from lesson transcriptions ‘which allows them to be read and
understood as coherent acts of teaching, not disembodied instances of pedagogical talk ...~

(Alexander, 2000, p. 439; original emphasis).

Mercer (2010) coined the term ‘socio-cultural discourse analysis’ which he described as being
concerned with the ‘content and function’ of spoken language, and the ‘ways shared
understanding is developed, in social context, over time’. Reports of such research are usually
illustrated by selected transcripts of talk, to which the analyst provides a commentary; and this
qualitative data is then integrated with quantitative analysis (p. 9). Similarly, this study includes
both qualitative and quantitative analysis of data, with examples drawn from lesson transcripts
used to illustrate frequency counts of particular indicators, so as to be able to draw some

comparisons between cases.
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So, to sum up, this research study can be described as a qualitative, educational, exploratory,
multiple case study of eight Grade 8 science classrooms, utilising ‘socio-cultural discourse
analysis’ (Mercer, 2010) of classroom interactions in the observed lessons, to arrive at some
understanding of the intersection of language and science content as aspects of the 'opportunity

to learn science'.

Research design

Research sites and sampling

As outlined in chapter one, The Eastern Cape Province, where this research was conducted, is
one of the poorest and most populous rural provinces in South Africa, with one of the weakest
performances in the TIMSS studies in both mathematics and science (Howie, 2001; Reddy,

2006).

As described, my particular focus on classrooms in the two rural districts and one peri-urban
one in the Eastern Cape Province was a pragmatic choice, as I was already working with in-
service English teachers in these districts and so had an established network of contacts I could
call upon. At the same time, my entree to these districts provided a unique opportunity to
investigate teaching and learning in contexts which are the most challenging and least

researched; and to find out what competent teachers can do in such contexts.

As the TIMSS studies of Grade 8 science and mathematics (Howie, 2001; Reddy, 2006), provided
the quantitative contextual data for this research, Grade 8 science teachers were chosen for this
study. A further criterion was that teachers should be fluent speakers of isiXhosa as this
matched the provincial linguistic profile, where the majority of teachers and learners share a
common home language, isiXhosa, while the language of learning and teaching is most often
English from at least Grade 4. This is also a typical linguistic situation in many parts of the

country, particularly in rural areas (Heugh, 2002; Setati et al, 2002).
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The decision to include eight teachers in the study was a pragmatic one based on what was
considered doable in terms of data collection over the course of one year, given work and time
constraints, as the research was conducted on a part-time basis. | considered that eight case

studies would provide enough data to provide a fairly solid basis for the research.

My selection of teachers was purposeful as [ attempted to identify ‘excellent’ teachers, through
the science subject advisors in the district offices. The decision to use ‘excellence’ as a criterion
was intended to steer the research away from classrooms where teaching and learning had
broken down and thus to reduce variables related to teacher proficiency, that might impact
negatively on ‘opportunities to learn’ science. I recognize that the definition of ‘excellent’ is
somewhat problematic, but I anticipated that the recommended teachers would be those at
least recognized as competent and committed by the subject advisors and their colleagues; and

so it could be claimed that they were selected on the basis of their good reputations.

As is often the case, the research design was a compromise between the ideal and the possible.

Access to research sites

I negotiated access to the districts by getting written permission from the Eastern Cape
Department of Education at a provincial level. Then at district level, | made appointments with
the respective district managers to explain the purpose and scope of the proposed research and
[ provided them with an outline of the research purposes and intended processes. The district
managers in turn referred me to the district science subject advisors, whom I also met and I
again explained the purpose and scope of the research and provided the same research outline.
They were all interested and supportive of the research; and I requested them to nominate
‘excellent’ science teachers in their districts. I then approached the school principals and
teachers concerned with letters requesting their participation and copies of the research

outline; and arranged to meet with them to discuss the contents of the documents, before
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requesting their participation, in line with the ethical requirement of informed consent. The

research proposal received ethical clearance from the University of Cape Town.

All the teachers who were approached, graciously agreed to participate in the research and
claimed to welcome the opportunity to be observed and discuss their teaching practices. In line
with the ethical principal of anonymity, teachers were allocated pseudonyms and were located
as follows: Teachers A, B, C, D, and G were located in rural schools and Teachers E, F and H in

township schools.

Data collection methods
In order to answer the research questions, different kinds of data were collected through

various data collection methods.

Lesson observation

In order to investigate how science knowledge was developed though language over time, I
decided to observe a series of five consecutive lessons for each teacher, so as to gain a sense of
the development of science concepts over the five lessons, and the coherence thereof both
within and across lessons; as well as the shifts in the discourse patterns and the bilingual

language use in the classrooms.

The lessons were videotaped with the agreement of the teachers and this was negotiated at the
outset, when discussing the research and inviting the teachers’ participation. Videotaping in
classrooms has clear advantages in that it provides a permanent record of lessons that can be
reviewed multiple times if required and this allows for more detailed and nuanced analysis
(Stigler, Gonzales, Kawanaka, Knoll & Serrano, 1999). The obvious disadvantage is that a camera
is more intrusive than a human observer alone, and may increase reactivity on the part of both
teachers and learners; and this might pose a threat to the validity of the research. However,

Stigler et al (1999) have claimed that teaching behaviour and aspects of classroom discourse are

62



so highly socialised that they are unlikely to change, even in the presence of a camera; and in the
case of this research, any unnatural behaviour on the part of teachers and/or learners would
have been difficult to sustain over the course of five lessons. However, aspects that were more
likely to change were that teachers might prepare more thoroughly than usual; and that
learners might be on their best behaviour. In addition, in the kind of bilingual classrooms that
were the subject of this study, as discussed in the literature review, teachers and learners might
be inhibited in terms of their use of their shared home language when this did not have official

sanction (see for example, Probyn, 2009; Setati et al, 2002).

Suggestions to minimize some of the problems of reactivity generally and to a video camera in
particular, include spending some time in the classroom with the video camera prior to the
actual data collection, to acclimatize participants. However in the case of this research,
acclimatisation procedures were not possible given the multiple sites and fairly tight data
collection schedules. In any event, Alexander (2001) has claimed that such procedures were
found to have negligible effect and that in fact teachers and learners adapted remarkably
quickly to a video camera, especially if it was left on a tripod rather than being carried around
the classroom (Alexander, 2001). Nevertheless, as Stigler et al (1999) have suggested, the

observed lessons should be regarded as an idealized version of everyday practice.

As Stigler et al (2003, p. 6) have pointed out, ‘deciding exactly what to film during a lesson is a
non-trivial issue.” A video camera is a much clumsier instrument than the human eye, and so it is
important to decide beforehand where to point and focus the camera and to follow standard
procedures so as to capture comparable data. As with the TIMSS video studies, my aim was to
‘follow what an attentive student would be looking at during times of public discussion, usually
the teacher, and then follow(ed) the teacher and sampled student activities during private work

time’ (p. 6).
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The videotaped lessons were transcribed for the whole-class talk and talk between the teacher
and individual learners and groups that was loud enough for the class to hear. The
transcriptions were translated from isiXhosa to English where necessary. The initial
transcriptions and translations were done by isiXhosa speaking linguistics students. I am able to
follow isiXhosa and so was able to check the transcriptions against the videotapes for obvious
errors and gaps which I noted; and then the transcriptions were checked and gaps corrected by

one isiXhosa speaking translator.

Thus the primary source of data for this research was the transcriptions of a series of five
consecutive lessons for each of the eight ‘reputable’ Grade 8 science teachers, in the context
where the teachers and learners shared a common home language, isiXhosa. The lesson
transcriptions were backed by the digitized videos of the lessons, which were used in

conjunction with the transcriptions for the data analysis.

Interviews

Teachers were interviewed immediately after the observation period, to obtain contextual
information, including their qualifications and training as science teachers, the school context
(for example: numbers of teachers and learners; socio-economic status of learners), resources
for teaching science (science equipment and textbooks), and their views on language and

learning and the language medium in particular.

Teachers were also interviewed about their classroom language practices, using extracts from
the videotaped lessons for the purpose of ‘stimulated recall’ - in particular about their use of
English and isiXhosa and the functions of their bilingual classroom practices, which were not
necessarily directly observable. These interviews were semi-structured to allow for systematic

collection of data that was comparable, but also to allow for the individual practices and views
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of teachers to emerge. A copy of the semi-structured interview questions is attached in

Appendix 1.

The interviews were recorded and transcribed.

Learners’ written work

Copies were made of a sample of learners’ classwork for each class, where written work was
done in the observed science lessons. This was to provide evidence of how much written work
was done in lessons and to what extent the oral teaching and learning was consolidated in

writing.

Field journal
A field journal was kept to record dates of school visits, observations about the school contexts,
classroom observations not necessarily captured on video, and emerging thoughts as the data

collection proceeded.

Ethical issues

There were four key guiding principles to ensure that the research was conducted ethically:
respect and empathy for the participants, informed consent, protection of the identity of the
participants and protection from harm of the participants (University of Cape Town, School of

Education n.d.).

Respect and empathy for participants

In line with the first principle - respect and empathy for participants - I attempted to identify
‘excellent’ science teachers, in the hope that they might be able to provide useful insights into
how to deal with the challenges faced by many teachers who teach through the medium of
English, in contexts where English is not the home language of the learners; but I also wished to
work with ‘excellent’ teachers to avoid deficit assumptions about their classroom practices. In

my interactions with the teachers, I related to them with respect, as competent professionals,
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and empathised with the challenges they faced; and expressed appreciation for their willingness

to open up their classrooms to me.

Informed consent

In order to obtain the informed consent of the participants, I drew up an outline of the research
proposal with the purposes and intended processes spelt out (see Appendix 2). The research
outline formed the basis for face-to-face discussions with the district managers and science
subject advisors; and then with the principals and teachers nominated by the subject advisors,
when discussing their possible participation in the research. It was made clear to teachers that
their participation would be entirely voluntary and that they would be free to withdraw at any

stage should they wish to.

The feasibility of obtaining written permission from the Ilearners’ parents or
caregivers/guardians was discussed with the teachers and school principals concerned.
However in their opinion, this would have been a problem given the low levels of functional
literacy of many caregivers/guardians (frequently grandparents), particularly in rural areas.
Principals said that they stood in loco parentis and so they felt satisfied that their permission
would suffice. I explained the purpose and nature of the research to the learners at the time of

data collection.

Anonymity

In the discussions with potential participants, I explained that their identities would be
protected when the research was written up. The use of videotapes poses particular problems
with regard to protection of participants’ identity that the use of pseudonyms does not resolve.
Stigler et al (1999) suggest that the best way to deal with this problem is to restrict access to the
videotaped data. Accordingly, I made it clear to participants that the videotapes would be

securely stored and that the only persons who would view the videotapes besides me, would be
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those persons directly engaged in the research process: possibly my supervisor/s and those
engaged to transcribe the videotapes. I privately undertook to only use video clips that
illustrated good practice. I explained to teachers that should I wish to use any examples of good
practice from the videotapes, for teaching or research dissemination purposes, then I would

seek the teacher’s permission to do so and they would be free to refuse.

Protection from harm

Prosser (2000) has raised an important ethical issue in relation to the use of video-tapes in
classroom based research: 'Video research allows participants to see themselves and reflect on
their practice but it also has the potential to displace previously established self-images’ (p.
131) and unless this process is sensitively supported, it could result in personal discomfort
and/or loss of self-esteem. [ had had quite extensive experience of using videotaped lessons for
the purpose of post-lesson reflection and discussion when engaged in classroom based support
and mentoring of in-service teachers in ACE and BEd programmes. As a result | was well aware
of the sensitivities involved and made every effort to make the teachers involved in the research
feel relaxed and comfortable during the interviews; [ adopted a non-judgmental attitude when
watching video clips of teaching episodes with them; and sought to position them as
experienced professionals when asking them to comment on particular aspects of their

teaching.

[ also attempted to minimize the disturbance to the teachers’ teaching programmes and tried to
make the interviews as congenial and comfortable as possible, with refreshments and in a venue

and at a time that suited them.

Benefits for whom?
A key ethical aspect of classroom-based research is that the benefits accrue to researchers with

little obvious benefit for the participants. I was acutely aware of this. [ made copies of the
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videotaped lessons for each teacher to keep and several of the teachers said that they had found
the process of viewing and reflecting on their lessons to be helpful and that they appreciated the
opportunity to do so. However this imbalance in benefits is an ongoing unresolved matter that

teachers themselves are well aware of.

All of the teachers who participated in the research gave of their time and shared their
reflections on their teaching practices in a most generous way. They were all teachers of good
reputation in their communities and demonstrated their caring and professionalism in my
interactions with them. Any implicit criticism of certain practices that emerged in the data
analysis have been made with great respect, in the knowledge of the extremely challenging
circumstances within which they worked; and in the spirit of seeking ways of improving the

opportunities to learn science for poorest and most vulnerable learners.

Limitations of the research

Validity

There were a number of potential threats to the validity of the research:

Much of the research is descriptive, where the main validity threat is that of incomplete or
inaccurate data (Maxwell, 1996). However this was largely resolved by the extensive use of
video recordings and transcription of lessons and audio recordings of interviews, which formed

a permanent record and point of reference.

As discussed in relation to the use of videotaping of lessons, reactivity of both the teachers and
learners in classroom-based research is a very real problem. Teachers preparing 'show lessons'
rather than teaching in an 'everyday' mode is one aspect. More problematic is the possibility
that teachers and learners might feel nervous and behave unnaturally, or teachers might change

aspects of their everyday practice that they feel are 'illicit’, for example codeswitching.
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Thus one should regard observed lessons as teachers presenting their ‘best practice’. If for
example, a teacher presented a series of ‘most interesting’ lessons from his or her repertoire,
rather than following the usual curriculum, then the inference might be drawn that the teacher
did not regard issues such as consolidation and coherence as important factors in science
teaching. Likewise, if a teacher refrained from using the learners’ home language when being
observed, once could infer that this was not regarded as a practice that was considered

legitimate or appropriate.

However in the interviews following the classroom observations, teachers claimed that while
they were conscious of the video camera initially, they soon forgot about it. Researchers using
video data suggest that teachers’ practice is fairly resistant to change and that the presence of a
researcher and video camera is unlikely to change their practice markedly (Alexander, 2006;
Roth et al, 2006; Stigler et al, 1999). This matter is discussed in more detail when presenting the

findings on teachers’ languaging practices.

Generalisability

The small-scale nature of this research limits claims for generalisability. However, some claims
may be made for 'face-generalisability’ beyond the immediate study on the basis of the
typicality of the teachers and learners involved (Maxwell, 1996; Schofield, 1993) in terms of
their linguistic backgrounds and school contexts. According to Schofield such research is
strengthened by multiple sites and should be combined with ‘thick description’ which provides
enough information for readers to make informed judgments as to what extent the sites
described match theirs, and the results can inform their situation. It is my contention that these

criteria of generalisability were met.
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Time frames

The question that immediately arises in relation to the validity of the data is the long delay
between data collection and final submission of this dissertation. This has obvious implications
for the current validity of the data. Is the data so old that is has no relevance for the current
situation in education? Sadly, the answer must be ‘no’. As described in chapter one, the Eastern
Cape Education Department remains mired in controversy and in TIMSS 2011 South African
learners still achieved the second lowest score for science, after Ghana, despite taking the test at
Grade 9 rather than Grade 8 level and the inclusion of independent schools in the 2011 testing.

Would it were otherwise.

Data collection process

Access to research sites

Permission to conduct the research was obtained from the Eastern Cape Provincial Education
Department in 2003 and access to schools was negotiated with the three districts, starting in
February 2004. The district managers and science subject advisors were interested and helpful;
and I was supplied with lists of possible teachers to approach. I contacted the teachers who
were recommended and they all agreed to participate. However there proved to be an
imbalance with more men then women in the initial sample and so I requested names of more
women teachers and approached them to participate, so that in the end there were four men

and four women in the sample.

Classroom observation

Classroom observations were to have started in March 2004, but were delayed as the teacher
concerned was no longer going to be teaching science; so he had to be replaced in the sample.
The first week of observation started with Teacher C, on 19 April 2004, in a remote rural school

about 30 kilometres from the nearest small town, along a rough gravel road.
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Planned observation dates did not always work out as planned and these had to be postponed
on several occasions because of school sports days, CASS moderation$, teachers writing
university examinations or attending block lecture sessions, district meetings etc. and on one
occasion an observation had to be repeated because of technical problems with the video
camera, when the cassette jammed. In addition in the latter half of the year, teaching was
disrupted by teacher union strikes. | was due to observe in the last school in the fourth term of
2004 but the teacher concerned was preparing for a family funeral; and then was occupied with
CASS moderation for Grade 9, so would not be teaching the Grade 8s. Then, because of work
related commitments on my part in the first term of 2005, and further delays at the school

concerned, [ was only able to conduct the last classroom observations in May 2005.

Interviews

Semi-structured interviews were conducted with teachers after the fifth and last lesson
observations, usually on a Friday afternoon. In the case of Teacher C however, I had to interview
her on the second last afternoon as the school was participating in a choir competition on the
Friday and so I arranged to give her and the choir members in her class, a lift to a small town of

where the competition was being held, immediately after the Friday science lesson.

I held the interviews at the school or at the bed and breakfast accommodation where I was

staying and provided refreshments for the teachers. The interviews were recorded and the

6 CASS (Continuous Assessment) Moderation refers to the process of moderation of Grade 9 continuous assessment
portfolios. Teachers met in cluster subject groups at a common venue, usually a school, to compare and moderate the
internal marking of Grade 9 learners’ subject portfolios. However this did not prove to be practical, as many teachers
do not own cars and had to travel with bulky portfolios using public transport. The travelling itself took a long time
and took teachers out of their classrooms; and preparation of the portfolios and related documentation was also done
during teaching hours. For example one afternoon I met a man walking along a dusty rural road when [ was on my
way to visit a school. He was carrying an awkward collection of wire objects and when I gave him a lift I found he was
a Technology teacher on his way to a cluster meeting for CASS moderation at a school close to the one I was going to;
and the wire objects were what his learners had produced for assessment. He had had to leave his school early that
morning to travel by taxi and foot to get to the school that was to be the moderation venue.
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teacher and I viewed video clips of particular incidents in the lesson for teachers to comment

on, particularly their bilingual language use. I transcribed the interviews later.

Fieldnotes

At the end of each day I wrote up fieldnotes about the research process, including organization
of school visits (often thwarted); about what I had observed generally in the schools; my
conversations with other staff members; my impressions of the classrooms where [ was
videotaping lessons; and my emerging thoughts about what I has observed and experienced.
The fieldnotes provided useful contextual information and details I might have forgotten, when

[ was analysing the data and writing the thesis.

Research contexts

Five of the eight schools were in rural areas, mostly tucked away along meandering
unsignposted tracks. Finding them was a challenge and in some cases | was able to pick up a
teacher in the town where I was staying, so that they could guide me to the school. The
township schools were easier to find, but directions were a bit erratic; fortunately I was able to
get help from a fieldworker from another Grahamstown based education project who had

worked in the area and knew his way about; and he was able to show me the way to the schools.

In all of the schools there was not a reliable electricity supply - either because there was no
supply at all, or because the school could not afford to pay for electricity, or because electric
plugs in classrooms did not work. I had to rely on batteries for the videotaping and in most
cases had to go to a venue with electricity for the interviews, so as to be able to play back the

video clips on a portable television set.
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Data analysis

Data sources

The main source of data in these case studies were the transcriptions and video recordings of a
series of five consecutive science lessons in each of the eight Grade 8 classes. The lesson
transcripts were analysed in detail and the video recordings provided back up visual detail for
checking the physical movements of teachers and learners, chalkboard work, practical

demonstrations and so on, that were not captured in the transcripts.

In addition, the teacher interviews provided background details about the school contexts, the
schools, the teachers themselves, the learners, teachers’ views on language and teaching
science; and teachers’ reflections on particular teaching episodes in lessons, particularly related
to their bilingual language use. The learners’ workbooks provided evidence of written tasks

undertaken in the observed lessons.

Unit of analysis

The unit of analysis for mapping the development of science content through language was the
series of five lessons per teacher. The public talk in the lesson transcripts was coded and
analysed for 'opportunity to learn' science as outlined below. ‘Public talk’ was defined as talk by

teachers or students where the intended audience was the whole class.

In order to map the lesson structure and to provide a framework for the analysis of the
development of content through language, each lesson was divided into lesson ‘episodes” these
are defined by Gibbons (2006 p. 95, following Lemke, 1990, p. 50) as ‘a unit of discourse with a
unifying topic and purpose’ - roughly equating to a teaching activity. A lesson episode has the

following features:

* itis framed linguistically with markers such as ‘okay’ or ‘now we are going to ...’;
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* aparticular participant structure which might change in following episode;
* physical seating arrangements which might change in the next episode;

» fulfills a particular purpose or function;

The lesson episodes provided the structural framework for the process of data analysis which is

described in the sections that follow.

Criteria for analysis of science lessons

The TIMSS video study of teaching science (Roth et al, 2006) provided a useful set of criteria for
analyzing the science content of lessons for opportunity to learn; and these criteria have been
adapted for this study. However, classroom language was given limited attention in the TIMSS
Video Study and was confined to quantification of teacher-learner talk by lesson time; and time
spent on reading and writing activities; as well as an analysis of the different types of writing
produced. In this research study, the inclusion of classroom discourse and bilingual languaging
practices of teachers and learners, provided a more fine-grained analysis of the science content
in the observed lessons and the classroom language practices that were utilized to construct the

science content.

Theories of classroom discourse and bilingual classroom practices, drawn from the literature
outlined in chapter two, informed the coding and analysis of the classroom language in the

observed science lessons.

It should be noted that that the TIMSS Video Studies (Stigler et al, 2003; Roth et al, 2006) were
video based - lessons were not transcribed - and so the various aspects of science lessons were
coded, quantified and compared on the basis of proportions of lesson time; whereas in this
research study, lessons were transcribed and much of the quantified analysis is based on word
counts, which is necessary for the language analysis, and in fact makes for a more fine-grained

analysis. This fine-grained analysis is time consuming and is possible with a relatively small
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sample, but would not be feasible in the case of the large scale across country TIMSS Video
Studies. So although the data from this research study is not directly comparable to the data
from the TIMSS Video Study for science (Roth et al, 2006), the TIMSS study does provide a

useful and roughly comparable international reference point.

An additional point in relation to the word counts is that isiXhosa has a conjunctive orthography
whereas English has a disjunctive orthography. So in isiXhosa, words consist of several
morphemes, which in English are written as separate words: for example, one isiXhosa word
‘ndiyathanda’ is translated into three words in English: ‘I love you’. This would obviously mean
that word counts that were based on the original isiXhosa and English would not be directly
comparable. To overcome this, the English translations of isiXhosa passages were counted,

rather than the original isiXhosa words, to maintain parity for comparison.

Although an equal number of lessons (five) was observed and recorded for each teacher, it soon
became apparent that in many instances the length of lessons varied considerably from the
norm of 40-50 minutes. Accordingly, for some comparisons of the data, the counts of data per
lesson were scaled to a count per hour, so as to allow for direct comparisons between cases. In

some cases the scaling was done in terms of a proportion rather than a raw count.

The detailed set of analysis criteria used for coding the lesson transcripts are set out in

Appendix 3. These are outlined below:

The science content presented in lessons was identified and analysed in terms of:

1. Types of science knowledge

2. Source of science knowledge

3. Accuracy of science knowledge
4. Density of science knowledge

5. Coherence of science knowledge
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These broad criteria are elaborated as follows:

1. Types of science knowledge:

The science facts presented in lessons were classified as follows, based on categories drawn

from Roth et al, (2006 pp. 48-49):

* Canonical knowledge: ‘science facts, concepts, ideas, processes, or theories’ (include
observations made during practical work); ‘an idea is canonical in the sense that it is
generally shared by members of the scientific community’;

* Procedural and experimental knowledge: ‘how to do science-related practices such
as manipulating materials, and performing experimental processes’;

* Real life issues: ‘how science knowledge is used, applied or related to societal issues

or to learners’ personal lives’ (including analogies);

As can be seen, the three types of science knowledge listed above, relate directly to the three
main types of science knowledge identified in the South African Curriculum: knowledge about
science; knowledge about how to do science; and knowledge about how to use science

knowledge (Department of Basic Education, 2011).

Three further categories of science knowledge were identified in the TIMSS Video Study, but as
there was relatively little evidence of them in the TIMSS data, and likewise in this research data,

they were discarded in the final analysis. These were as follows:

* (Classroom safety: ‘science-related safety issues’;
* Nature of science knowledge: how science is conducted;
* Meta-cognitive knowledge: strategies for learning or modeling thinking processes. (Roth

etal, 2006, p. 49)
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2. Sources of science knowledge:

As with the TIMSS Video Study, lessons were coded for the source of the science content as

follows:

* teacher

* learner/s

* textbook

* chalkboard

e worksheet

In the TIMSS study the category ‘learner/s’ was subsumed under ‘other’, but in this study it was
coded separately as in two classrooms learners provided high proportions of lesson content;
and in this study, the category ‘chalkboard’ was added as in some classrooms teachers wrote up
notes on the chalkboard for learners to copy down. In the TIMSS study, lessons were coded for
the main source of lesson content; whereas in this study, each fact presented in a lesson was

coded for its source and these were then quantified.

3. Accuracy of science knowledge:

This category was not included in the TIMSS Video Study criteria as it clearly was not a
consideration in the five developed countries that participated in the study: Australia, Czech
Republic, Japan, Netherlands and the USA (Roth et al 2006). However, given research evidence
of the poor subject knowledge of some teachers in South Africa (for example, see Taylor and
Taylor, 2013); and evidence during the data collection of some incorrect science content being

presented; the category of ‘accuracy of science knowledge’ was added to the analysis criteria.

Thus the science facts in lessons were coded and graded according to whether they were

accurate or not, as follows:

* AC2:science content accurate and complete
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* AC1: science content unclear/not quite accurate/incomplete concept

¢ ACO: science content incorrect

The categories were quantified as percentages of the total number of facts to arrive at

comparable data patterns for ‘correct’, ‘partly correct’ and ‘incorrect’ science content.

4. Density of science knowledge in lessons:

In the TIMSS Video Study this criterion was defined as ‘the number of publicly presented
canonical ideas per lesson’ and this gave some idea of the pacing of the science content. In this
study the canonical science facts were counted and compared as a count over time to provide an
indication of the density of science content and lesson pacing. In the TIMSS Video Study, only
one lesson per teacher was analysed, whereas this study extended over five lessons per teacher.
For this reason I differentiated between completely new ideas, ideas from previous lessons that
were being reviewed, ideas that were repeated at different points in a lesson, and ideas from

previous lessons that were repeated but not part of an explicit review.

* DNEW: Number of publicly presented canonical ideas — new content;

* DREV: Number of publicly presented canonical ideas - review of previously
presented content; include ideas from lessons in data set or ideas marked by teacher
as previously presented e.g. Temember ...";

* DREP: Repetition of ideas - within a lesson at different points in the lesson e.g. a
recap before moving on to a new idea or activity; not repetition at the same point in
alesson;

* DPREV: repetition of an idea/fact from a previous lesson but no explicit link made

by teacher.
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The number of canonical ideas in each category was quantified against the time for the lesson to
arrive at a number of ideas per hour, so as to be able to compare between lessons, given the

widely varying lesson times.

5. Coherence of science knowledge:

The TIMSS Video Study (Roth et al, 2006) referred to the need for ‘providing students with the
opportunity to develop connected, evidence-based scientific understandings that students can
apply to make sense of a variety of phenomena’ as a key idea coming from international
research on science teaching and learning. In addition the study claimed that ‘research on
human learning suggests that unrelated ideas hold less meaning than those that are richly
interrelated ... (p. 57). As discussed in the literature review, the issue of coherence in the

science content of lessons seems central to the opportunity to learn science.

The coherence of lessons was conceptualized firstly in terms of conceptual links across and
within lessons, so that facts in lessons were explicitly linked to generalised concepts; and that
concepts were supported by rich factual detail (Roth et al 2006; Donovan and Bransford, 2005).

Lesson content was coded for conceptual links as follows:

Conceptual links across lessons

This was an addition to the TIMSS Video Study criteria as in this study five consecutive science
lessons were observed and recorded for each teacher (as opposed to one for each teacher in the
TIMMS study) and so it was possible to track conceptual links across lessons and the

progressive cumulation of science ideas and concepts. This was coded as follows:

* LCA-2: strong inter-lesson conceptual links: there is topic progression/continuity
and teacher makes the links between lessons explicit;
* LCA-1: some inter-lesson conceptual links: there is topic progression/continuity but

teacher does not make links explicit;
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LCA-0: no inter-lesson conceptual links.

Conceptual links within lessons

These descriptors were taken from the TIMSS study (Roth et al, 2006 p. 68) and expanded for

this particular study, to also capture the need for ‘rich factual detail’ (Donovan & Bransford,

2005) to support the understanding of concepts; and to capture the possibility of incorrect

concepts being presented in some lessons:

LCW-2: strong conceptual links within lessons to generalising principles and
theories: ‘The lesson is focused on content with conceptual links that strongly
connect and integrate the information and activities. The information presented
consists primarily of interlocking ideas, with one idea building on another with
strong conceptual links. The lesson contains a strong conceptual thread that weaves
the entire lesson into a conceptual whole’ (Roth et al, 2006); in addition, concepts
are supported by rich factual detail.

LCW-1: weak conceptual links within lessons: ‘The lesson contains some content but
there are only weak or no conceptual links that integrate the information and
activities. The information and tasks presented are connected only by a shared topic
or by one or two concepts that tie together some of the ideas or activities but do not
connect all the information together’ (Roth et al, 2005); or concepts are presented
without the necessary supporting rich factual detail.

LCW-0: no conceptual links within lessons - ‘The teacher focuses students’ attention
primarily on carrying out an activity or procedure rather than learning a content
idea. Students may encounter some science content in the process of carrying out an
activity but the information is presented as isolated bits of information without

being linked to a larger concept’ (Roth et al, 2006); or concepts presented are
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incorrect — thus there is not the opportunity to develop appropriate conceptual

frameworks.

Goal statements and summary statements
The second indicator of conceptual links within lessons was evidence of goal statements and
summary statements as this is ‘one way in which teachers can make the content organization of

a lesson more explicit for students’ (Roth et al, 2006 p. 70).

Lessons were coded as follows:

* GS-1: goal statement/topic present
* GS- 0: goal statement absent
e SS-1:summary statement present

* SS-0:summary statement absent

The third indicator of conceptual links, not included in the TIMMS analysis, was evidence of the
consolidation of ideas with a written task or assessment at the end of a lesson or a series of
lessons. I included this at it seemed to me to be an important indication of conceptual coherence
of lessons - that ideas were consolidated in writing at regular intervals by learners. Note taking
was not included as this is essentially a passive activity that does not require thinking and

application of science knowledge.

The codes and criteria are listed below:

* CI/WL-2: consolidation activity within lesson present and appropriate

* CI/WL - 1: consolidation activity within lesson present but inappropriate or
confusing; or does not address key ideas; or based on partly incorrect information

* CI/WL - 0: no consolidation activity within lesson; or activity based on completely

incorrect information
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* CI/AL - 2: consolidation activity across lessons present and appropriate

* CI/AL - 1: consolidation activity across lessons present but inappropriate or
confusing; or does not address key ideas; or partly incorrect

* CI/AL - 0: no consolidation activity across lessons; or activity based on completely

incorrect information

Each lesson was coded according to the criteria above; and a value ascribed according to the
codes. The values were scaled so as to arrive at a composite value for the coherence of lesson
coherence, based on the three aspects: conceptual links; goal and summary statements; and

consolidation activities.

Ranking of teachers’ practices for OTL science

The results of the coding of the lesson transcripts for the science content of lessons, were
quantified and presented in the form of charts, and illustrated with extracts from the lesson
transcripts. The practices of the teachers were scored for each criterion in terms of the
opportunity to learn science, along the scale of ‘good - 3; partial - 2; weak - 1; very weak/absent
- 0’; these scores were added so as to obtain an overall ranking of the teachers’ practices, in

terms of the opportunity to learn science content that their lessons provided.

Criteria for analysis of classroom language

Classroom language was not covered in any detail in the TIMSS video study (Roth et al, 2006)
and the so criteria for the analysis have been based on the literature. In Chapter 2, the extensive
literature on the role of language in learning science was discussed; and a rationale provided for
the analysis of the lesson transcripts in terms of the classroom discourse patterns and the

bilingual languaging practices of teachers and learners.
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Classroom discourse
In line with socio-cultural theories of language and learning (Alexander, 2006; Barnes, 1976,
1992; Gibbons, 2006; Mercer, 1995; Mortimer & Scott, 2003; Wells, 1999) as discussed in the

literature review, the classroom discourse of the lessons was analysed in terms of

* the balance of teacher-learner talk
* discourse patterns for public talk

* evidence of bridging discourses

The relative amounts of teacher-talk and learner-talk, by a simple word count, provided some
indication of the engagement of learners in constructing the science knowledge in the observed
lessons. As discussed, the English translations of the isiXhosa transcriptions were counted, so as
to maintain some kind of equivalence when quantifying the two languages. The word counts of
teacher and learner talk were mapped onto the lesson episodes in the excel spreadsheets. The
raw counts were scaled to the number of words per minute to provide a comparison between

lessons and classes in the reporting.

The classroom talk was also coded for the different discourse interaction patterns within each
episode; and a word count was done for each stretch of a particular discourse interaction
pattern, to provide an indication of what forms of interaction predominated in lessons. The
discourse interaction patterns are briefly described below and represent a cline along an
‘authoritative-dialogic’ continuum (Mortimer and Scott, 2003), as discussed in the previous

chapter.

1. Teacher monologue

Teacher speaks with learners listening quietly or murmuring in response to the teacher’s
attention checks (for example: ‘okay?’). This was further sub-divided into regulative monologue

to manage the class (1.a.); and instructional monologue for exposition of science content (1.b.).
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2. Oralcloze

Teacher monologue with learners providing key words in response to a pause and raised tone
by the teacher; this functioned as teacher exposition, with some chorused participation by

learners.

3. Initiation-response-evaluation (IRE)”

Teacher led question and answer which follows a ‘triadic dialogue’ pattern of teacher question
(I -initiation), learners response (R), learners provide one word/short answers which the
teacher evaluates (E) as correct or not; the purpose is generally to check on learners’

understanding.

4. Dialogic exchanges

Teacher-led question and answer with the teacher providing feedback that prompts a further

exchange. Indicators of this form of classroom interaction are as follows:

e [RFRF interactions are extended over several turns;

* Teacher’s feedback responds to and builds on learners’ responses (contingent
responsiveness);

* Meaning cumulates over several turns and is focused on patterning facts into

conceptual frameworks through logical argument - thinking aloud.

7 In line with Wells, 1999) and Mortimer & Scott (2003) (and unlike Gibbons, 2006) [ have preferred to use the term
‘IRE’ (Mehan, 1979) rather than ‘IRF’ (Sinclair & Coulthard, 1975) to represent such triadic dialogue, as the
‘evaluation’ moves captures the closing down of dialogue in such interactions. The ‘F’ or feedback move in ‘IRF’
sequences captures the possibility of ‘contingent responsiveness’ (Wells, 1999) in the feedback move and the
chaining of ideas into longer sequences that from the basis of ‘dialogic talk’.
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5. Learner/s reporting back

Exposition initiated by learners, which might be supported by the teacher: the teacher might
simply accept the learners’ contributions without comment; or the teacher might affirm their
contributions by evaluating them (e.g. ‘good) or by repeating them; or the teacher might
support the learners’ contributions by asking probing questions, or helping them to rephrase it
more accurately. For the purposes of this analysis, these distinctions were not made - partly so
as not to over complicate the analysis and partly because this aspect of classroom discourse was

not the main focus of the analysis.

6. Learners asking questions

Learners ask questions to the class or group and the teacher manages the process. The
structure is that of IRE with occasional extended exchanges, but with the initiation (I) move by a

learner rather than the teacher.

Once the discourse patterns had been coded, the chunks of discourse were mapped onto the
lesson episodes. The different types of discourse interaction were quantified and shown
graphically to demonstrate the dominant interaction patterns in lessons and the similarities and
differences between teachers’ practices in engaging learners in constructing science knowledge.

Instances of the interactions patterns were illustrated with extracts from the lesson transcripts.

Bridging discourses
The lesson transcripts were also coded for evidence of ‘bridging discourses’, (from Gibbons,
2006); these included instances of the teacher providing support to learners in bridging the gap

between

* everyday knowledge and science knowledge;

* everyday language and science language;
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* practical and theoretical knowledge;

* spoken and written language.

The instances of bridging discourses and were mapped onto the lesson episodes in the excel
spreadsheets; in addition they were counted and presented graphically, to identify patterns of

practice; and the examples from the transcripts were provided.

Bilingual classroom practices

As described in the literature review, a common practice with teachers in classrooms where
learners are not full proficient in the language medium, is for teachers to switch to the learners’
home language for a range of purposes. This could be described as a form of ‘bridging discourse’
along with those described in the previous section. However because the question of the
language medium in South African education is so hotly debated; and because bilingualism in
education has a long standing international research tradition and literature, the teachers’ and
learners’ use of English and isiXhosa in the observed lessons, was afforded a separate and more

detailed analysis.

Accordingly, the lesson transcripts were coded for the use of English and isiXhosa by the

teachers and learners in terms of:

* word counts for each language for teachers and learners;

* the functions of the teachers’ and learners’ use of their common home language,
isiXhosa as follows (following Ferguson, 2003):
o for constructing and transmitting science knowledge:
o for classroom management

o for interpersonal relations
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The bilingual languaging practices of teachers and learners, and the functions thereof, were
mapped onto the lesson episodes and science content, along with the classroom discourse, onto

the excel spreadsheets for each teacher.

Process of data analysis

The process that I followed for coding and analysing the data was as follows:

I coded the transcripts of the lessons for each teacher, for science content (what) and the
classroom language (how) according to the analysis criteria, onto Excel spreadsheets, one per
teacher. I first mapped the lesson structure by dividing the lessons into ‘episodes’ (as defined in
the analysis criteria), with a brief description of each. I then identified the science content in the
lesson by underlining and numbering facts presented in each episode in the transcripts; and
then mapped the episodes onto the spreadsheets, so that [ had a summary of the content and

structure for each lesson.

[ coded the lesson content according to the criteria in the analysis framework.

Next I coded the transcripts for the discourse interaction patterns in each episode; and counted
the number of words spoken by the teacher and by the learners for each stretch of coded
discourse. At the same time I counted how many words by teachers and learners were spoken
in English and how many were spoken in isiXhosa. In this way I arrived at patterns of language
use for each lesson episode, in terms of discourse interaction patterns and bilingual language

use, which were mapped onto the lesson content.

[ collated the information from the master spreadsheets for each teacher onto further
composite spreadsheets: one for science content; one for classroom discourse; and one for the
analysis of the bilingual practices of teachers. I used content analysis to develop charts, which
revealed patterns in the data for particular teachers and comparisons between teachers. These

patterns were illustrated with excerpts from the lesson transcripts.
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The criteria relating to science content knowledge were used to arrive at some conclusion
regarding the opportunity to learn science in the sets of observed lessons for each teacher.
These were linked to discourse patterns and to the bilingual practices of teachers, to see
whether particular discourse patterns and/or bilingual practices appear to support or constrain

opportunities to learn science.

[ have provided a short summary of the sets of five lessons for each teacher (shown in Appendix
4); these are tabulated under episode number, organisation of learning, and lesson content.
They are intended to provide a context and reference point for the data presentation, as only

relatively short excerpts from the transcripts are practicable.

Conclusion

This chapter has spelt out the research approach, research design, including data collection
methods, analysis criteria and data analysis processes, that were employed to answer the main
research question: In what ways did the lesson content and the classroom language practices
combine to construct or constrain the opportunity to learn science? In addition questions
relating to the validity and generalizability of the research, and the measures taken to address

ethical concerns were discussed.

The following four chapters present the research findings based on the analysis of the data

collected from classroom observations and interviews with teachers as follows:

* the teachers and their contexts:

o descriptions of the schools and their settings

o descriptions of the teachers, the learners and their classrooms
* the science content presented in lessons
* the classroom discourse used to construct that science content

* the bilingual languaging practices of teachers and learners.
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CHAPTER FOUR: TEACHERS AND THEIR CONTEXTS

The analysis of the data has disaggregated the teachers’ practices and in so doing, the
individuality of teachers and their contexts has been stripped out. This section, which is based
on the teacher interviews and on-site observations and conversations, therefore sets out to
provide a broad description of each of the teachers and their teaching contexts: the teacher’s
background, their school and infrastructure, the learners, teaching resources and general

observations.

Teacher A

Teacher A had 19 years teaching experience and he had been principal of his school for nine
years. He had grown up in the area, had gone to school there and had studied science and
mathematics for matric. He had completed a two year Primary Teacher Certificate but with no
specialization in science teaching; and was completing further studies — a National Diploma in
Public Management an