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ABSTRACT South Africa needs teachers who are scientifichlgrate and able to prepare
learners for university so that the country cafilfuls needs for skilled people in the workplace.
This study used a misconceptions questionnairegfadtudents’ teaching journals to determine
the level of content knowledge of group of nine-peevice teachers in the Western Cape. It was
found that the pre-service teachers held miscomeptabout photosynthesis and respiration.
Some had inadequate knowledge of the content ragtethers were unaware of their lack of
content knowledge and felt that they were well tjieal to teach the subject up to the Grade 12
curriculum. Some of the implications of the findsnépr the training of student teachers are
discussed and recommendations are offered. Tiee tatused largely on the need to ensure that
student teaching curricula allow student teacherbd exposed to more content knowledge.
Furthermore proper planning ahead of teacher peagberiods is suggested and access to

Learning Support Materials. This will ensure ttie experience is rich and meaningful.



1 INTRODUCTION

Just like most countries in Africa, there are undely problems in the South African education
system. Some of the problems include: lack adweses in schools (Bloch 2009); over-crowded
classrooms (Raitt 2011; Onwu and Stoffels 2005;rétsa 2005); interrupted lessons (Chisholm
et al. 2005; Raitt 2004); and an increase in adstretion and record keeping (Chishoénhal
2005). Teacher training does not prepare studentseaching with limited resources. The
training instils an idealistic picture of teachimgstudents (Brouwer and Korthagen 2005), which
includes many of the ‘myths of teaching’ listedBxgidenstein (2002).

After the first democratic elections in South A&ién 1994, education became a national
imperative for change. With this in mind it is @tehat the new government needed to change
the education system (Manganyi 2001; Rensburg 2D@xsen 1999). The result of this change
was the introduction of an outcomes-based currmoulor South African schools (Jansen 1999;
Kraak 1999). Subsequently, several curriculum ckangere introduced after 1994. The
Curriculum 2005 was launched in 1997 by the latéiddal Minister of Education, Professor
Sibusiso Bengu. Several curriculum reviews follovaed the National Curriculum Statement
(NCS) for Life Sciences (Grades 10 to 12) was wdtety streamlined in 2008. In 2010 the
current National Minister of Basic Education afteecommendations from the Curriculum
Review Committee, introduced finally a streamlinBdtional Curriculum and Assessment
Policy document for public comments including thélScience curriculum. This document is
the official National Curriculum and Assessmenti®olStatement (CAPS) for South African
schools which was implemented in 2012. It is hopeat this curriculum would improve
learners’ science literacy. This frequent changktte a situation where change has been too
rapid for both educators and learners. Schwab9Q)186ted that the first requirement of the
‘practical arts’ was that existing institutions apdactices should be preserved and changed
gradually and should not be dismantled or repladédange must not impair the functioning of
the whole education system. Changes must be imer@inso that coherence is retained. Schwab
(1969) advised that people need to know “which edechanges can be instituted with what



costs or economies, and how they can be effectdtdminimum tearing of the remaining fabric
of educational effort “(Schwab 1978).

Furthermore, as Schwab (1973) observed, the leate@cher, milieu and subject matter must
have equal weight in the matter of curriculum amd isis important that teachers have
knowledge of all four areas. Teachers should be &blhelp pupils relate what they learn in
classroom to the outside world. Teachers shoutdvkiine “knowledge structures characteristic
of the scientific disciplines underlying their schsubject” (Brouwer and Korthagen 2005) and
be able to choose, organize and present this rabterspecific groups of learners (Brouwer and
Korthagen 2005; Turner-Bisset 1999; Even and Tir@885; Driver 1991; Shulman 1986).
Teachers also need to know how a child learns arat whildren of different ages find difficult
to learn (Shulman 1986). According to Shulman (398&chers need to be able to answer the
guestion often asked by learners, “But why do weehto know this? Is it relevant to us?”
Teachers should thus know the value of what theytaaching. They need to know what
teaching programmes exist and what learning suppaterials are available and how effective
they are (Brouwer and Korthagen 2005; Shulman 198éxchers need to therefore have an
understanding of schools science knowledge (subjatter knowledge, Shulman 1986) both in
the form of syntactic knowledge (processes by whiapnries and models are established as
valid; Schwab (1978) as well as the substantiverkedge of their disciplines (Schwab 1978;
that is, concepts, principles). This paper focusesspects of substantive knowledge of school
Life Sciences/Natural Science knowledge.

In essence, the main research questioDa&s a select group of South African student taache
have the required content knowledge to teach Ldferfse effectively?

[ LITERATURE REVIEW

(@) Conceptualization and contextualization of science teacher education

Based on this research question, this study loakebe content knowledge of a selected group
of student teachers Natural Science and Life Sei¢eachers at the University of the Western
Cape who were involved in thBeaching Biology Project The selected content knowledge

relate to the concepts of photosynthesis and iesmiras well as food chains and food webs.



The Teaching Biology Projeamnentored pre-service Natural Science and Liferfdgdeachers.
This involved discussing of lesson plans, helpiygemmpowering the student teachers to find
resources and learner and teacher support matdtidiSM) and visiting the selective /
placement schools where they are doing practiaghiieg. The student teachers, in turn, gave the

mentors access to their teaching journals andcalspleted a misconceptions questionnaire.

. STUDENT TEACHER EDUCATION

Pre-service teachers should learn the theoriegaifhing and learning that form the basis of
teaching and this is expected to happen at tertewgl (Burn 2007; Turner-Bisset 1999). This
knowledge is decontextualised and pre-service tFaateed to see how it is applied in practice.
This is done during their teaching practice whéeytlearn from teachers the “professional craft
knowledge” (Burn 2007). However, Brouwer and Kogéa (2005) admonish that teachers in
schools are not really role models because theg terbe conservative and deliver teacher-
centred lessons and this is confirmed by Quick Srborger (2005) who quote a student as
saying, “Most of us went with what we saw when werevin school, not what we learned at
university.” Breidenstein (2002) further notes thatess pre-service teachers confront the myths
about teaching that they hold, what they learnraining will be “washed out”. Content
knowledge according to Shulman (1986) is compridesubject matter knowledge, pedagogical
content knowledge and curricular content knowledg&he knowledge of subject-matter and
how it is organized for teaching form part of wigtulman (1986) refers to as pedagogical
content knowledge. Other aspects of PCK includewkadge of the student (and their
conceptions and misconceptions they might hold orriaculum topics), knowledge of the
curriculum and its goals, knowledge of instructioneaterials and pedagogical practices. This

paper looks at content knowledge in the generalesen

. Theteaching of science and pedagogical content knowledge to teach science
The quality of school education is tied very clggel the quality of teacher training (Taylor et al.
2013). As a result of this countries as they oespto the changing world, change and amend

and improve their curricula and schooling programnaad with it their teacher education
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programmes. South Africa has followed suit in tlégard. The quality of science teaching is
intrinsically linked to quality of teacher educatiprograms as well as the science disciplinary
preparation for teaching school science. Sevdumliess show a positive correlation between
higher student achievement and teacher performandeteacher subject matter preparation
(Darling-Hammond 1999). Others find that prospextiwachers do not have the depth of subject
matter knowledge to respond to students questieysra the basics (Wilson 2002).

Science teachers have to have a disciplinary baakgr to teach science and this includes
having certain skills (for example, laboratory il curriculum knowledge and an
understanding of the nature of science. In SouticAfgenerally science teachers follow one of
two routes to becoming a qualified teacher. Gdlyesaience teachers are prepared for teaching
in a four year professional B.Ed programme in Sdftica. This accredits the teacher to teach
up to the senior phase of schooling (grade 9).stience and education disciplinary modules are
followed concurrently. FET level science teachems prepared for teaching grades 10-12 in
High School. The undergraduate disciplinary focaisaiscience degree for the latter and the
teaching certificate follows the degree programme ia a one year programme. The difference
between the two groups of teachers would be thesxp to science content knowledge, with
the latter group having graduated with a degrethénscience subject. However, as can be seen
from this paper, it must not be assumed that thike norm. In fact, students in PGCE have to
have completed one year or two years of an unddugta science teaching subject to qualify as
a teacher of that subject at the school level.

The knowledge of science will have an impact otidhteacher understanding of science, PCK
for that content knowledge, attitude toward teagltmat knowledge and student achievement in

the case where this teacher ends up teaching attioel level.

(b) The Curriculum: Content knowledge and misconceptions

. The CAPSLife Science curriculum for grades 10-12

The Natural Sciences Learning Area of the Southcafr school curriculum comprises a wide
range of topics — from “ how stars form to how rosxopically small animals live, and from the
study of crystals to understanding how the clingdtthe earth is changing” (DoE 2002). This is
a wide range of content material to understande ddntent is organized into four knowledge
areas: Life and Living; Energy and Change; PlaratiEand Beyond; and Matter and Materials



(DoE 2002). The range of subjects necessary ®ILife Sciences is not as broad but requires
considerably more depth of understanding. Accgdim DoE (2003), Life Sciences enable
learners to understand biological, physiologicahvienmental, technological and social
processes that impact on the environment. Theded@acfood production, distribution and
consumption, health promotion, conservation, snatde living and genetic engineering)”. The
content of Life Sciences is also divided into fetnrands of knowledge which are tissues, cells
and molecular studies; structures and control m®E® in basic life systems; environmental
studies; and diversity, change and continuity. Ewesv, Schwab (1973) warns that these subject
areas are wide and that more than one person uljlect knowledge should be involved when
curriculum development is considered.

The new Curriculum and Assessment Policy Statem(@#A$S) refer to specific aims and these
replace the Learning Outcomes of the NCS curricupaticy. However, the specific aims are
the topics (themes) for Natural Sciences and Lier®es (Table 1). The first specific aim /
topic hinges on acquiring knowledge of natural scés (of Natural Sciences concepts,
processes, phenomena, mechanisms, principles,igbetaws, modelsetceterd. The second
theme investigates the phenomena in natural s@gefides third theme centres on appreciating
and understanding of the importance and applicat@nNatural Sciences in society (National

Department of Basic Education 2010).

Table1: Topics Natural and Life Sciences

Topic | Natural Science Life Science

1 Scientific Investigations: The learngBcientific Inquiry & Problem-solving Skills:
will be able to act confidently onThe learner is able to confidently explore and
curiosity about natural phenomenanvestigate phenomena relevant to Life
and to investigate. Science by using inquiry, problem solving,

critical thinking and other skills.

2 The learner will know and be able tdhe learner is able to access, interpret,
interpret and apply scientifi¢,construct and use Life Sciences concepts to
technological and environmentaéxplain phenomena relevant to Life Scienges.

knowledge.




3 The learner will be able tpThe learner is able to demonstrate |an
demonstrate an understanding of thederstanding of the nature of science, |the
interrelationships between science amafluences of ethics and biases in the Life
technology, society and  theéSciences, and the interrelationship of science,
environment technology, indigenous knowledge, the

environment and society.

The specific aims and themes /topics give an itidicaof the skills Natural and Life Sciences

student teachers should already have masteretblldivs that student teachers should master
these skills before they start teaching or theyukhbe given opportunities to demonstrate that
they have mastered these skills. The topics ineTalare discussed in the extant misconceptions
literature in connection with the subject mattercontent knowledge of student teachers and

practicing teachers.

. Misconceptions and student teacher school subject matter knowledge

The term ‘misconception’ refers to “students’ autations that are not scientifically accurate”
(Bahar 2003). This term is used in this paper efeyence to the terms ‘naive conceptions’ or
‘alternative conceptions’, because at univergtyel any conceptions about Life Science can no
longer be termed ‘naive conceptions’ since they ldidave encountered it in high school.
According to Jordan and Duncan (2009) the centaisk tof biology is to foster “a general
understanding of the nature of science.” Thushe@cmust understand science practices, origin
and nature of its knowledge and how to evaluate khawledge (Shulman 1986). However, if
teachers do not understand the nature of scieher,they cannot help learners to understand it.
It is thus essential to get some indication ofgheservice teachers’ conceptual understanding of

science.

Il RESEARCH METHODOL OGY



Resear ch design: The study was exploratory in nature and is a casty of the selected student
teachers and their conceptual knowledge ecologyenLife Sciences subject area. The study

approach is therefore phenomenological.

Sampling: This paper is part of a bigger project on pre-senteachers of Teaching Biology
Project 2010-2012. The sample for the study i rpne-service teachers. Data from their
journals with the results of their misconceptiongstionnaire and the implications of the results
of the study for the design of a curriculum forinirag teachers of Life Sciences and Natural
Sciences were also used for this paper. The sagpbinthis research paper is described as
purposive and convenient. Data were collected duitie 2010, 2011 and 2012 academic years,
however this paper focuses only on the 2012 cobbiB.Ed and Postgraduate Certificate in
Education (PGCE) student teachers. The findings2fiiOand 2011 will be published in a
subsequent comparative paper. The researchersdvibigé classroom and asked students whether
they were interested in the project and wanted adigipate. We asked for 10 participants
because we offered during the entire year and wehbanan resource and time constraints. Ten
students signed up for the project and one withdeger into the project. This paper focuses
only on a thin slice of the project and not tharenproject outcomes.

Participation in the Teaching Biology Project islurdary and students involved were paid a
small stipend. Many students are struggling finalhciand found the stipend useful. Table 1
below illustrates the academic qualifications adsih pre-service teachers and the subjects they

were studying.

Table 2 Student academic qualifications and methods subjects studied

DEGREE Faculty/ Department METHOD 1 METHOD 2

1 Dip Therapeuti¢ Included Anatomy & Life Science Life Orientation

Reflexology Physiology
Dip  Massage (These diplomas courses

Therapy are not offered at UWC

2 BSc Biodiversity &| Life Science Natural Science

Conservation Biology




BEd Education Mathematics Natural Science

4 BSc Biotechnology Life Science Natural Scienge

BA Hons Sport ScienceNatural Science Life Orientation

Administration

6 BEd Education Mathematics English

7 BSc Medical Bioscience Life Science Natural Sceen

8 BSc Physics Natural Science Physical Science
9 BSc Biotechnology Life Science Natural Scienge

Data collection methods: Even though a questionnaire was used the studyhataggarded as a
mixed methods study because the survey was cormbtiotgain a better picture of content
knowledge of the student or pre-service teachedshence the latter was the main focus or
phenomenon studied. The Teaching Biology Projesitors had access to the teacher practice
journals of the participating student teacherse fésearchers used these journals as data source
for research and to monitor whether the studergdagogical content knowledge had developed
during their teaching practice. They were also usedinvestigate whether the students
recognised the need for more content knowledgellowing the teacher practice period, a
Colloquium was organised by the Teacher Biologyjdetoand student teachers and some of
their school mentors attended. The colloquium resps were used as an additional source of

information about what the students felt they neede teaching.

Data collection sources: The misconceptions questionnaire: This questionnaire, being part of

a larger study, was trialled and reviewed with augrof Grade 11 learners. The questionnaire
was used with the pre-service teachers in ordeetoif they held these misconceptions. Each
item consisted of a statement with which the redpats had to agree or disagree and they had
to provide a reason for their answer. This had @foid purpose: to allow the researcher to get
an insight into the student’s understanding andld¢orease the effect of guessing (Holtman
2000). White et al. (2005) point out that opexash questions allow for insight into thought
processes. Gaining an insight into the thoughtgsees of learners was the purpose of the open-

ended section requesting a reason for agreeiny aligagreeing with the statement given.



There were 10 statements in the questionnaire wiitich the pre-service teachers had to agree
or disagree. Some of the statements used stagedcdirect concept and some stated a
misconception. This was done so that the stuasmhiers could not assume that the statement
given was a misconception. The questionnaire vessgded to elicit misconceptions held by
students (Holtman 2000). It was kept short becass&razer and Lawley (2000) observed a
researcher should take the amount of time the relspd would be willing to spend on
answering a questionnaire into account when degidmits length. In the pilot study an 18 item
test was used and this was found to be too loted used for the questionnaire were checked

by four experts in the field of ecology for valiglit

Student journals. The students were required to keep journals asopaineir teaching practice.

In this study the journals were used to gain insigto the students’ awareness of what would be
required of them as teachers and of their own cwrkeowledge. Journals were copied, for
research purposes, at the end of their teachingipeawhich lasted three months. The journal
was regarded as a continuous assessment tasbkmtnitbated to the final assessment.

Student responses to the Colloquium: At the end of the student teachers practice tegdhiay
were asked to participate in a colloquium wherartagperiences were discussed. They were
required to give a presentation that reflectedhmir tteaching experience and to note what they
thought the could do to improve the training ofctears as well as to identify the challenges they
faced as pre-service teachers. The full feedbadk@meaching practice experiences is discussed
in a subsequent paper.

Data analysis. The reasons given for responses in the misconceptguestionnaire were
analysed for misconceptions and these were thegaased. The data from the journals and the
colloquium were used to support the findings of tisconceptions test. Misconceptions about
photosynthesis and respiration, misconceptiansut food chains and food webs and lack of
content knowledge are three categories that emetgedg data analysis of the questionnaire

data and only the results of the photosynthesigesyiration items are discussed in this paper.

Ethics. Ethical clearance for the research study was gilabte the University and student
teachers were informed about the purpose of thearel in this project and consented to the

anonymous use of their information as obtained fribmir journals, observations of their
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teaching and other data obtained from them. Stugathers were informed of their right to

withdraw from the study and were assured of anotyyamd confidentiality.

v RESULTSAND DISCUSSION

The results of the misconceptions questionnaireakd many misconceptions held by students
who were a few months away from graduating as fiedliteachers. Kao (2007) found that

primary school teachers can be a source of learmessonceptions so it is necessary to ensure
that pre-service teachers confront their misconoeptbefore they are qualified as teachers. The

same can be said for secondary schools teachers too

Table 3: Number of valid answer s given by students

Student | No. of valid reasons given | Degree
(out of 10)
1 2 Diplomas Reflexology & Massage Therapy
2 9 B Sc
3 6 Bed
4 3 BSc (Biotech)
5 3 BA Hons (Sports Admin)
6 3 Bed
7 5 BSc
8 5 BSc
9 7 BSc

Because misconceptions hinder acquisition of neowkedge (Stamp et al. 2006) it is important
to ensure that teachers do not leave universitli witsconceptions because they in turn might
transmit them to learners. The misconceptions fowamd grouped into two categories:
misconceptions about photosynthesis and miscommcepabout respiration. An understanding
of the relationship between photosynthesis andinssm is central to understanding ecology
which is an important part of the Life Science mutum. Cepne et al. (2006) state clearly that:

11



Even more importantly, an understanding of phottiessis and respiration is a pre-requisite for
any systematic understanding of ecology. Food shand food web begin with photosynthesis
and end in respiration. The photosynthesis andire¢gm play essential roles in the flow of
energy through ecosystems.

From the above it is clear that both photosynthasdrespiration and also food chains and food
webs focus on energy flow in ecosystems. This pépruses on the first two concepts and a
subsequent paper will focus on food webs and fdaihs.

1 Misconceptions about photosynthesis and respiration

In response to the statement “Respiration onlyggltace in animals; plants have photosynthesis
instead of respiration” four of the nine studengsead with the statement but even those who
disagreed with the incorrect statement revealecconeptions in the reasons provided for
disagreeing with it:

Photosynthesis is different to respiration as pbgtahesis is the process of using light to make

energy, whereas respiration is the loss of wagtudent 9 PGCE)

Respiration takes place in humans and in animal®tésynthesis uses energy to make food.
(Student 5 PGCE)

It is clear that the majority of student teachersravconfusing respiration with the statement
focused on gaseous exchange. The example beloiwaied the confusion surrounding
respiration:

Similar process but different terms used. Resmiratt inhale & exhale (carry nutrients &,@0
cells so the body functions optimally) & grow. R¥synthesis uses the sun to make nutrients in

order to function optimally and groWStudent 1 PGCE)

Respiration is the process in which @ inhaled into the lungs in which gaseous exckang

occurs, i.e. Qis absorbed into the ‘animal’s’ system and G©®exhaled(Student 8 PGCE)

12



Both these statements exhibit a common misconagegtand by Kao (2007) that lungs are
necessary if respiration is to take place. Théestant “The process of respiration provides
plants with their energy” showed that six of theenstudents disagreed. This represents 66% of
the respondents. The reasons given indicated lieaetstudents were not aware that the energy
in glucose or starch is not directly usable by eganism. This also indicates that student do not
have the depth of knowledge to explain photosymshat the biochemical level (Brown and
Schwartz 2009).

Photosynthesis provides plants with their enerdyicvis the form of carbohydrates (or simply,
starch), i.e. carbohydrates = product of photoswsik. (Student 8 PGCE)

Several believed that respiration did not occuplants. The reason for this could be that when
teachers and textbooks discuss respiration thespdo the context of human and animal biology
(Uno 2009). 1t is clear from the statement beldwat tthis student is unaware that respiration
occurs in plants as well as animals.

(Respiration) provides humans with energy & cir¢eta & delivers nutrients to cells in the
human body(Student 1 PGCE)

Even those who were aware that respiration ocaurglants did not understand why it was
necessary. In agreement to this, Lazarowitz andb L{2006) found in their study of
undergraduate students studying the human respiraystem that students do not know that
respiration produces energy. It is clear like ie 8tudy by Brown and Schwartz (2009) that
students hold the misconception that only photdmgis is an energy process. The student
guoted below agreed with the statement that “tlreqas of respiration provides plants with their
energy” but offered this reason:

Respiration gets rid of all the unnecessary sulistant the useful energy rich substances are
then left in plant cellg(Student 3 BEd).

As Kao (2007) points out “respiration is a key Ifecess” and if students do not understand it

they will fail to understand how living organismanttion. Mak et al. (1999) explain the

problems students have in understanding concepth a8 photosynthesis, respiration and
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transpiration in a fragmented way and this is assalt of how the material is laid out in the

syllabus. The student hence cannot develop a itatishcept of water relationships in plants.

In summary, it is clear from the above that studeathers do indeed have fragmented and not a
coherent integrated understanding of the complegachic and connected concepts of
photosynthesis and respiration. Both processedemeibed as having multiple ecological levels
(Chi 2001). Brown and Schwartz (2009) found inirtiséudy that students held varied views of
the processes, most of them saw the processespassite” (Kapyla et al. 2009) could not
connect the processes. They had very simplistiderstandings of the two concepts and
especially at the biochemical level. They mosthy ghotosynthesis as using sunlight to produce

food and respiration as a gaseous exchange process.

3 What aretheimplicationsfor thetraining of teachers?

There are very few who would deny that there amblems in the South African education
system. Teacher training does not prepare stufi@ntsaching without resources as can be seen
by Student 7’s comment:

| think that UWC is doing good, it is only the salthat do not really offer a platform to
student teachers to apply the knowledge they learfiecause of lack of resourg&tudent 7
PGCE).

Brouwer and Korthagen (2005) warn that “the effedtseacher education on the actual practices
of teachers are generally meager.” If, as Bld&d00) believes 60 to 80% of our schools are
dysfunctional, should we not be training teacheysdeal with the problems rather than
pretending that there are no problems? The reaggnteacher education has so little impact on
teaching is that it is unrealistic and does notigdaachers to handle problems. Beginning
teachers experience frustration, anger, and bermidet when dumped in schools because they

are not prepared (Brouwer and Korthagen 2005).

Darling-Hammond (1999) notes:

If universities would commit their substantial rastes to better preparing the individuals who

become elementary and secondary school teacheselbss those who teach at the college
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level, they could transform the nation's educatiogsystem and stimulate higher levels of
academic achievement (p.28).

3.1  Morescience content in pre-service teaching cour ses

As Powers (2004) points out, “Where one teacherthaspotential to impact the number of

students taught throughout a career, a methodsedas the potential to impact many future
teachers and, ultimately, a far greater numbertwdents.” So improving teachers’ knowledge

would need to start with teacher training but Toelast al (2003) felt that the science in teacher

training should be taught in the Science Facultgabse there is a need to improve the
pedagogical content knowledge of teachers. Ball Barzani, (2010) advocate cooperation

between lecturers in the subject disciplines aotuters in Education. Whatever stance is taken,
Darling-Hammond (1999 warns that “teachers neekintmv much more of the subject matter

than they have to teach” because teacher expéstis®re important than class size. It is more
important than poverty, race, parent educatiomgrather single factor (Crouch and Mabogoane
2001; Darling-Hammond 1999).

The ideal would appear to be to offer B Ed studentience course specifically designed to
cover all the science content needed, includingpttaetical work required, to teach Natural
Science, however, such a course would be limitimd) \&@ould be inadequate when the syllabus
changed. Kramarski and Michalsky (2010) suggedtith@e teach teachers to be self regulated
learners when the syllabus changes they can lbéarméw material because they know how to

learn.

One problem is that most science departments &ergiies are under-funded (Rybicki 2011),
have heavy teaching loads (Mlambo 2010) and woind it difficult to find staff to teach a
separate course dedicated to teachers. Even tlesgparate science course for B Ed students
is not an option it is clear from the above commeéhat there should be more science in the B
Ed course. “More science” should include exposaraloratory work and to how to prepare for
laboratory work so that student teachers are madeeaof the just how difficult and time-

consuming it is to prepare for doing practical w@@teene 2000).
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Another problem is that lecturers in the ScienceuRg are not employed because they are
necessarily good teachers but because of theityatnldo research. As Tomanek al (2003)

and Darling-Hammond (1999) agree there is a needmjmrove the pedagogical content
knowledge of science lecturers but as Brouwer aodhgagen (2005) warn this also applies to
teacher educators. “The structure of teacher educaprograms may indeed be
counterproductive to student teacher learning,teadher educators themselves may not display
the best examples of good teaching.” Carr (1986&)hengly dismisses much of what is taught in

teacher education programmes as “just the latsbtda in emperor’s new clothes...”

3.2 Integration of theory and practicein teaching

Several students complained, in the colloquiumt they had been taught the theories of
education but not taught how to apply them. Studestated, “We were taught very useful
educational theory. But we were not taught to metgsry and practice.” Student 8 found

herself “unable to use Piaget, Vygotsky and FeagrstTomanek et al.’s (2003) finding that

there was no connection between the theory adwbcate the teaching that is practiced in
Education courses shows that this gap betweenyhaat practice is common. Teachers get
lectures on teaching “from professors who havethetselves ever practiced what they teach”
(Darling-Hammond 1999).

3.3 Integrating literacy and numeracy/quantitative skillswith subject content

According to the report on the Annual National Assaents of 2011, the average percentage
score for literacy in Grade 3 is 35% and numer&$b2 Grade 6 learners do not fare any better.
The average score for Grade 6 is 28% for languade38 % for mathematics (DBE 2011). If a
child cannot read, that child will have difficulkyarning in any subject. This means that Natural
Science teachers must be prepared to integratéeftohing of reading with their teaching of
science. It is unlikely that they have been taugiw to integrate the teaching of reading into
science teaching.

Carr (1997) complains that contemporary professitma@ing of teachers is of a “narrow and
specialized nature” and teachers are needed ttecama“educated public” in order to do this
teachers themselves need to be educated peopteCaFothe term “educated” extends beyond

knowing about the subject in which the teacher igfieed. It includes being able to use
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literature to illustrate the subject one speciaize The narrowing of focus to ‘applied’ subjects
has left teachers who are trained this way po&ehwab (1973) warns that the learner, teacher,
milieu and subject matter have equal weight intiagter of curriculum. The four elements must
be co-ordinated and balanced. Pedagogical conteowvlkdge includes much more than a
narrow focus on ‘applied’ subjects (Ball and FoizZad10; Shulman 1986). It includes, among
other things: hearing the learners’ voices, talkiagarents, knowing “how to unpack it for a
learner.” Teachers also need an insight into “sttudbought processes” and how to assess
student work (Ball and Forzani 2010). Carr (19%&rns that when there is a narrow focus,

teachers are less able to understand “the widéslssoad cultural implications of education.”

34  Lack of content knowledge: subject matter knowledge

The problem with Natural Science is that the Laagm\rea does not coincide with any of the
current degrees offered at university since it m@gua combination of chemistry, physics,
botany, earth science, ecology, human anatomy, hwphgsiology and zoology which leads to
gaps in teacher knowledge and as Tomanek et &03}2note pre-service teachers are often
deficient in their subject matter preparation.this study, the students were generally aware that
they had much to learn in terms of both content @adhing skill. According to Student 7 a
degree in Medical Bioscience does not equip a stuteteach Life Science. He had no illusions
about his mastery of the content.

At university we were taught only the methods athiang not the content. We knew exactly how
embarrassing it is to teach something that you aloknow. We had to consult our mentors about
which textbooks to usésStudent 7 PGCE)

Even Student 2, who gave nine valid explanations ofuten for his choices in the
misconceptions test, felt that he needed more nbht®wledge.

| have learnt that | always have to revise and &y understanding of the content so that | can
teach it effectively. | have learnt that it is rmussible to know everything there is about your
learning area. It is also possible to research stimmg that you do not know the answer to
immediately. Admitting that you do not know sonmethis acceptable and is better than
misleading learnerg(Student 2 PGCE)
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The students who held the most misconceptions Werdeast aware of their need for content
knowledge. Student 1, quoted below, associatasileg with the activities of the teacher and
not with the activities of the learners and wasfidamt that she had achieved the Learning
Outcomes in all her lessons.

For example, if the lesson is based on the padicahapter, we need to cover and should be
taught according to learning outcomes 1, sometihtesch on all the critical outcomes for that
(being 1, 4 and 5). | will also incorporate the d®pmental outcome 1, to achieve this | will
teach the content, revise the content afterwarasask them questions to gauge how much they
have learnt(Student 1 PGCE)

Student 5 freely admitted that he did not haveresitee knowledge of his subject but this did not
bother him.

Personally, | found that, even though | didn’'t hasensive knowledge on the subject, | could
still competently teach the subject and enjoyedhite doing so(Student 5 PGCE)

The question then is if students do not learn theent of what they were taught at university
where will they learn it? One may also ask whyttle not learn the content they were taught at
university. One reason that students do not Idartontent is that they might not have adequate
depth of content knowledge for the teaching aresemtering the Postgraduate Certificate of
Education (PGCE) course. In this case in TabMeZee that both Student 1 and Student 5 had
no Life Science courses in their basic degrees.

Tomanek et al. (2003) research suggests that ihétiée or no cooperation between Faculties of
Education and Science and that leads to poor mgparof teachers. Crook (2002) traces the
history of teacher education in Britain and notest even when teacher education became part
of university education other departments “regartededucation departments with suspicion”
because they were thought to “be a menace to atadtendards and autonomy.” This lack of
cooperation is a serious problem because the mugstritant factor in improving a learner’s
performance at school is the qualifications of teachers (Crouch and Mabogoane 2001,
Darling-Hammond 1999). This element is outsidéhef scope of the paper. It is followed up in

a subsequent article.
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V. CONCLUSIONS

We conclude that student teachers do not have ppat® content knowledge to teach NS and
LS curricula. Furthermore, they hold serious misemiions about the selected concepts of
photosynthesis, respiration, food chains and foetdsy One issue pertinent to this is that they
report that not enough resources and Learning Supaterials are available to support them

during their teacher practice at schools and threynat always able to apply their theoretical

knowledge at under resourced schools. It was dtean the findings that the student teachers
generally were not able to fully understand theeetgtions of the curriculum. As Powers

(2004) points out, “Where one teacher has the piaten impact the number of students taught
throughout a career, a methods course has the t@abtem impact many future teachers and,

ultimately, a far greater number of students.” @prioving teachers’ knowledge needs to start
with the teacher training.

VI.  LIMITATIONSAND RECOMMENDATIONS

The case study focused on the views and inputslgfrone student teachers but the population
itself was also not more than 40 students. Théggpr@ould only fund the participation of 10
students and therefore the convenient samplingawasult of resources. They were enrolled for
the Methods of Natural Science and Methods of Bifgéences courses and hence generalisation
beyond this group and case are not intended. d@efastudy across different disciplines is
suggested to see whether this phenomenon is utigte subject areas covered in this paper.
Perhaps results would differ if the project ranrozeperiod of more than just eight months and
the teaching practise period.

The literature does point to the need to upgradehter content knowledge, but this project has
shown us that even student teachers should be expasmore content knowledge during
methods classes. The pre-service curriculum shbeldealigned so that student teachers do
leave with the appropriate content knowledge tahesthool Natural and Life Science curricula.
Student teachers struggle during the teacher peaptriod to find Learning Support Materials

and other resources. It is often difficult to gepre-practise teaching session with the mentor
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teacher at the school to plan ahead. We suggaistitiversities survey their student teachers
during and after their teacher practise periodsnterstand the real needs and to intervene ahead
of the period with mentor teachers to ensure prpterning takes place. This would make the

teacher practise period a richer experiential aradi@mic experience.

Finally, Universities and schools should ensuret ttadent teachers fully understand the

expectations of the CAPS curriculum policy andeaow to stay abreast of curricula changes.
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