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ABSTRACT.

Three case studies were conducted involving Andrew, Ferrial and Mary, A number of
aspects relating to their experiences were explored and are described in this report. In

- addition to their personal accounts, their views about the nature of science, science

teaching and learning were sought. The study also surveyed HDE students’ knowledge
of certain concepts related to chemical bonding and acids and bases. ‘The case studies
were ohserved during their teaching practice to establish how the aspects mentioned
above relate to their practices in the classroom. Data was collected through interviews,
Journals, classroom observation both in thelr science methodology classes and duting
teaching practice and diagnostic tests. It was found that school backgrounds influenced
Ferrial’s and Mary’s perceptions of the HDE programme. They both appreciated those
aspects of the metholodologies that were directly linked to preparation for teaching,
such as the mini lessons, test design, the practical work, and enriching their knowiedge
of science concepts threugh discussing science content, Both were very anxious about
their competence in teaching science. They considered the assignmcﬁt work excessive,
irrelevant, and frustrating and were sometimes not sure what was expected, Ferrial felt

‘they were given too much work, Andrew, on the other hand did not seem to find any

problems. He liked the practical approach followed in the classes and appreciated the.
suggestions made. His experiences were more of a personal nature and relfated to the
fact that he was engaged in part time teachmg

Their conceptions of science, teaching and learning were modified rather than changed
during the year of study. They were not always successful in irying out their theoties
of teaching and learning and applying the suggestion# made in the HDE courses because
such moves were sometimes unacceptable to their students or cooperating teachers. In
Andrew’s situation implementation of suggestions were impeded by tack of appropriate -

- facilities.

It was also found from this study that student teachers had several erroneous ideas
about chemical bonding and acids and bases irrespective of the depth of their chemical
background. It was further found that discussing chemical 'li_onding helped the students
change some of their ideas to more acceptable ones,
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EXPLANATION OF TERMS, ABBREVIATIONS AND NOTATIONS USED

Names: . . - |
All the names used in this report incfuding those in the excerpts and the appendices are
fictitious to protect the identity of those involved. | |

Andrew, Ferrial and Mary are the three student teacuers participating in the case
studies, : ' ' -

The numbers 4 to 11 used in Chapter 4 are arbitrary and are used for discussion

purposes.

Ml and M3 refer to .t_he'physicél science: methodologists.

M2 and M4 refer to the biology methodologists

M5 refers to the additional studies lecturer
M6 refeys the teacker educator who led discussion on chemical bonding

'Schocll R is the school where Femal was not keen on doing her teaching,
Schoal P is the school where Ferrial conducted her teaching practice
School Q is the school where Mary conducted her teaching practice.

' Excérpts’:

[X1:1] refers to excerpts taken from the initial interview (interview 1) on page 1 in data
source (interview transcript) or in the appendix as the case may be as shown in the
example below. (NB! Only a few data sources serving as examples are included in the
appendices of this report.) , |

[11:230a], [11:239b], [11:239¢] means several excerpts taken from the initial interview
on page 239 in the appendix. Not necessarily chronological.

[CD1:268] refers to except taken from the first class discussion in methodology classes
taken from page 268 in the appendix, Quotes taken from pages beyond 272 are not
inluded in the appendix.




[MI:1] refers to except fakey From methodology journal on page 1 of the journal.
__[’-I?IiS} refers o except faken from teacmng pmcuce joumai on page s'ofthe.jmmxaz.

[science] or scxenee. Thess wurds are added or used in excerpts for purposes of clanty

| atbegmnnng ormthmandeamzptdenoted@berahe exclusion ofimtwhmhdoes

not he'lp fllustrate the point under dlscussmn
... means tat what was said is insudible. -

hydrogen hondmg mﬁns an interruption by tlu? next sgeahr :

3td6, std 7, std 8, efc mmstandard 6,'stéqdard ;7,_ standard .8, ete. '
B meass mnsvaamducaﬁonnepanmeua |
- DET mmnsDepanment of Eduqatién and Trauung |
H‘DE means Higher Diploma in Education.

UNISWA means University of Swaziland
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1.0 Introduction,
Research in science education has focused mamiy on the learners as theones who construct

knowledge in a teaching leaming situation. While outside the classroom the learners’

coustruction of knowledge is influenced by faciors other than the teacher. The major

determining factor in the clussroom is most likely to be the teacher, The kind and nature of
information and the ways in which the teacher makes it available to the learner will
coniribute to the constractions learners make. Therefore it is mpomnt to pursue studies on
teachers’ mmeptusl frameworks, '

~ Tust'as Ieamm actively construct knowledge on the basis of their experiences and existing
_knowledge, so teachers also develop their conceptual frameworks about science and science
education on the foundation of their enstmg knowledge and experiences of being students

themselves (Hewson and Hewson 1988; Brickhouse and Bodner 1992). Teachers construct

'knowl adge about science, their students and the science classroom, that fits their experiences
to the satisfisction ofthcgoals thsy set for themselves and their students. Some of this -

lmng takes place in teacher education courses, but most in school. The constructivists

‘vigw of learning science places the leamer at the centre of the teaching learning situation,

This view which dominates research in science education should therefore recognise that
science instruction depends upon the individual teachers perceptions and conceptions of
teaching, learners and learning and knowledge of science (Aguirre et al. 1990; Brickhouse
and Bodner 1992). :

This study focuses on three case studies of students in the higher diploma in education (HDE)

-programme at the University of the Witwatersrand (Wits):

Andrew, a male with some teaching experience and who holds a BSc degree with
chemistry I major. _
Ferdal and Mary, young females without any teaching experience, and who hold BS¢
degrees in biological sciences and chemistry I '

It also explores content knowledge of the student teachers in the HDE in selected topics.

1
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1.1 Subject matter
Tn Swaziland

 In the short time I spent understudying the chemistry curriculum studies within Ge
Department of Curriculum and Teaching at the University of Swaziland (UNISWA), I
observed that subject matier does not form part of the teacher education programme for post- -
 graduate studies, while half the currculum of the under-graduate Bachelor of Education

(science) consists of university level content. As in many other countries it is assumed that

. the under-graduate degree provides the student teachers with adequate confent knowledge.
Thus in many post-graduate teacher education courses the assumption is that prospective

teachers have the necessary subject matter knowledge and should be able tateach it provided
they acquire the necessary skiils. Further research into aspects of subject matter preparation

| offemd by specialist academic departments in university teacher training programmues is

necessary (Fesguson and Womack, 1993) as well as that obtained prior to entry into teacher

. training.

The possible existence of a deficit in content knowledge in science teachers in Swaziland was

| Iughhghted by the activities of the In-School Maths and Science Teaching Impi'ovemeut

Programme (IMSTIP) which started in 1986 (Williams and Brophy 1989). IMSTIP was set

up within the in-service structures of UNISWA to improve the quality of teaching of

mathematics and science in high schools. It was also anticipated that by improving

- mathematics and science teaching in the schools, the number of candidates qualifying for the

Bachelor of Science degree 2t UNISWA would increase. This focus on content during the
IMSTIP activities continued in spite of the fact that by 1988 about 46% of the teachers were
graduates, 34% of them trained teachers (Williams and Brophy 1989), Evaluation of IMSTIP

~ revealed that teachers appreciated the seminars and workshops offered becruse they found

them to be directly related to their needs at school and upgraded their skills relevant to the
teaching situation, The teaching materials produced from these workshops were rich in
content, They included notes for teachers, background materials, worksheets, details of
experiments, booklets of model answers to previous exams and examiners’ reports. All were
reported to be extremely valuable to the teachers. ' '




———

L2 Motivation for the study o _
‘Observations of both the -preservice and inservice activities of science teachers regarding
_ sub_;e_ct matter generated my interest in exploring content knowledge of post graduate

preservice students. Further ir erest bn subject mattsr developed because of the general

assumption that post graduate presemce teachers have mastered the content in the subject

ares and all they need are pedagogmal sk:lls

1 was further motivated to mk;e up this study by the HDE science methodology course at
Wits. Thns programme was within my area of mterest teacher education. As a teacher
- training programme, it. prowded an opportumty for me 0 attend methodology Iectures and
. interact with the students whlle explormg the expenences and conceptions of those selected

case studies d».lrmg the course. I also ‘hoped to become exposed to possible and different
approaches to wacher training through attending these cm.lrses. For purposes of the Study

focus was, however only on the parts of the course dealing with chemistry related topzcs viz
| ac;ds and bases, &hemlcal bondmg and the nature of science.. '

1L 3 Purpose of the study
~ - The aim of the study was to explore and describe the experiences of four Higher Diploma

in Educatlon students as they. progressed through the programme, as well as their ccanceptmns

of science, teaching and learning, and some aspects of their subject matter knowladge and

 that of their co]‘leagues

1.4  Research Questions |
From the study possible answers to the following questions were sought.
1. What is the experience of preservice teacher education like for the participants
involved? _ _
What are the participants’ conceptions of science?
3. What are the participants’ conceptions of science teaching and learning?
What is the status of HDE students subject matter knowledge of chemical
bonding and acids and bases?
5. What is the relationship (if any) between what preservice teachers learn in the
HDE classes, their claims (with respect to 1, 2 and 3 above) and their

4
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classroom behaviour during teaching practice?

1,5 Rationsle : : )
Preservice students’ motives for entering the profession (Steinberg 1985). and th\eir

experiences of professional training are avaluable subject of research. Such research has

direct implication for preservice teachers’ professional socialisation and subsequent caress

attitudes (Book, Byers and Freeman, 1983). Reasons for the choice of_ts_aclung as 4
profession s the result of various factors and therefore more complex than it appears to be
(Steinberg, 1985). It is therefors reasonsble fo expect teacher traioers fo be aware and
understand student teachers experiences, expectations and their perceplions of the xelevance
ofthelrprofesswnal trammg (Book, et al, 1983).

This study was inspired by a special interest in teamer education. Encoura’gtunent came from
"A Case Study Exploration of Develnpment in Preservice science teacher™ , & paper by

Gunstone, Slattery Baird and Northfield (1993) 'Ihepapareportsonapartofabmader-

study ctmduc.n.d m Australia involving science teachers in secondary schooly and science
gmduates in a one year preservice teacher education programme. The part reponed concerns
the preservice teacher. The study looked into issues of understanding better the c_:q_mplmnes
of teaching and learning science, the processes of change in individual teacher trainees and
to develop an understanding of research methodologics appropriate for reaching thes. goals,
This report inspired fnY interest for two reasons. The first reason was tuaf conducting & study
along the same lines could provide the oppormnity for me to understudy a teacher training

programme, such as the Higher Diploma in Yducation (HDE) at the University of the

Witwatersrand (Wits). The other resson was that I could fulfil my research Teport

vequirements for the pursued degree. This study also formed the foundation for the

methodology in this stdy.

~ As an employee of the University of Swaziland (UNISWA), the post T will resure on

returning to Swaziland will entail the training of secondary and high schoel science teachers.
Naturally my interest was in getting to know more about the transition of the preservice
teachers during professional preparation for wachmg science, gain insight into aspects of the
science conteni,: of these teacher trainees, relevant for teaching science at the secondary level. |

5
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It is assomed that knowing more about the processes by which individuals change with
experience in teacher training programme can be advantageous ir the structuring of teacher
training courses to esger for prospective teachers soncerns. The study focuses on cases and
cannot on its own lead fo suggestions of ways of changing the HDE programme but will

show in chapters 5, § and 7 that in certain cases students teachers’ needs can be ignored and

thu}} lezd to the1r frustration and depression. The present study concentrates on areas that

were thought could develop an awareness about the professional changes individual frainees
- undergo inchude their experiences, their views about science, teaching and learn‘ng.

1.6 Background to the Higher Diploma in Education Progranme

Tnformal interviews with two of the tutors, M1 and M5, revealed that the HDE programme
offered in the Faculty of Education at Wits is 2 one year full time teacher certification
programme for graduates who wish to qualify in the teaching profession. Compulsory

* subjects for the HDE students are Theory of Education, Subject Methodology I and Subject

Miethodology IL. ‘The subject methodologies are done in two approved teaching subjects. In
addition to these three subjects they have to do additional studies (not offered in biology) in
one of the two teaching subjects. In the case of science graduates the subject methodologies
and additional studies are offered in physical sciences and mathematics. The additional
studies may contain dirsct discussion of content as in discossing misconceptions in selected
topics but focus is mainly on discussing the history and philosophy of physics, chemiStry and
mathematics concepts, Research (Mahaffy 1992; Solomon et al, 1992; Wandersee 1986;
Sherratt 1982) has shown that studying the history of science concepts enhances the
understanding of those concepts. The additional studies can be seen as an indirect way of

addreseing the content and are expected to eshance student teachers’ competence in the

classroom. “The student teachers would thus be in a better position fo understand how school
students develop their scientific concepts, predict students’ misconceptions and help the
students acquire appropriate science concepts. The better understanding of ciassroom
expectations by student teachers is further achieved because the additional studies curriculum
is very flexible to allow for the discussion of other issues raised by the students,

Other EIDE conrse requirements are religious studies and computer literacy. Competence in
the use of English or any other language as & medium of instruction, recognised by the
Criteria for Evaluation of the South African Qualification for Employment in Bducation, is

-6
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signified as a language endorsement on the certificate,

| Inaddiﬁontothetheoreﬁcalwurl# thestﬁdenmhavfetodotwnweekmfunhperﬁsedschuoi

obsmahnnmmebemnmngofmeschomyearmdmghtweeksnfsupemsedtﬁﬁbmg

'pmcucelatexondunngthecouxseofﬂxeym Thetwaweeksobsarvaunnmmmedat .
| . Tecapturing thesmdents’expeneuoesofschooltemhmgandpmwdmgexpeﬁmcefmmthe
 teachers’ viewpoint.” ‘he teaching practice which comes later ini the year provides real hands
_ anschodteachngexp&nmcemdmoppmﬂmtywmphmemtheﬂmonesmdshuaoqmred-
3 mthecampusbasedHDEcoursm

&,

- After the methodologist’s observations of sudent teachers’ difficulty with subject matter
- duting teaMpracme and research studies (Bradley, Gerrans and Matthee, 1985), the
- phyaicallgenexal science methodology course was modified to include certain content related

" topics. Fo?)the, 1994 chemistey methndology course these topics were symbuls and
Ieprwentazmns ‘chiemical bonding’, and ‘acids 2nd bases’. The intention vaned from
mscusmm/xs to assist student teachers on how to cope with teachmg the topms o0 shomg how
they could :exate to the school syllabus. |

g
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2.0 Introduction
This chapter focuses on the literature surveyed for this siudy. It is divided into three main
secﬁbns, namely '
the importance of teachers’ beliefs
conceptions of science, sclenccteachmgandsclenceleammg
subject matter knowledge

2.1 Importance of teacher beliefs

- The central role of teachers is almost universally accepwd in school systems yet science

teacher education is still one of the least popular agpect of research in science education. It
is also surprising that research in science teacher education is so limited yet it is an
immediate area of study (Fensham and Northfield 1993). The fact that many researchers in
science education are science teacher educators should promote more research in the area.
The inadequate attention received by research on science teachers has been regarded as the
main factor contributing failure of innovations and reforms in scienice curricula in Burope
(Fensham and Northfield 1993).

Recent studies on student teachers’ conceptions of the nature of science, feaching and
learning suggest routes towards change in teacher education. As such a large body of
research directed at the study of teachers’ conceptions of science and science teaching and
their implications for teacher education has been estabiished, Brickhouse (1990) shows that
teachers views of the nature of science can be expressed in classroom instruction and that
these views are impoftant for a better understanding of science by the pupils taught.
Teachers’ notions about the nature of science, teaching and learning can influence students’
and their understanding of science (Flewson and Hewson 1987, 1988; Cobern 1989; Cronin-
Jones, 1991) because these beliefs determine the way teachers interpret and implement the
curticulum (Cronin-Jonex 1991). Theze is thus a perceived link between what teachers think
(beliefs, views, theories, planning, decisions) and what they do (classroom behaviour,
students’ classroom behaviour and achievement) (Aguirre, Haggerty and Linder 1990;
Hewson and Hewson 1987; Brickhouse 1990). While teachers’ views of the nature of

science can inflnence their students® conceptions of science they can also limit the Xinds of

science that children do in the classroom (Abell and Smith 1994).




Hewson and Hewson (1987, 1989) also noted that enswers given by different students at
schiool level tend to show a regular and consistent patiern. They also believe that these
answers are not random, isolated pieces of information but reflect the way the students have
been taught science, further demonstrating the influence of teachers’ ideas on student
understanding of science concepts. The possibility of teachers being sources of erroneous
concepts in science was also investigated by Sanders (1993). On the same note Mosimege
{1995) states that results from various studies on misconceptions indicate that irrespective of
the amount of training and experience in teaching most science educafors experience -
miscanceptions in one form or another and pass these on 10 students, A similar view is held
by Fensham and Northfield (1993). Fensham and Northfield (1993) believe that science -
 teachers also hold the many conceptions (they refer to as "Teachers’ Science”) found in their
students and which may vary from the normally accepted scientists science. |

Smdeni teachers ‘bring to training pxograﬁune a range of beliefs formulated dﬁﬁng their years
 of schooling about the kind of teacher they want to be. It js important that these beliefs are
assesszd. If they do affect classroom behaviour, then students tesichers must be made aware
oi‘therelatmnshp andbepwvlded with opportunities to reflect and examine their beliefs and
- pmcucecnucaﬂy because without this theywﬂladoptpracucestheyremember from their
own schooling and reinforce the status quo (Bramald, Hardman, and Leat 1995).

Hewson and Hewson (1987) further concluded from their study of sclence teachers’

conceptions of teaching, that presewice and inservice teachers are likely to hold conceptions

of teaching which are in conflict with the idea of teaching for conceptual change. These

alternative conceptions can be expected from teachers because as mentioned earlier they were

faught for some time before deciding to become teachers and will have given these

conceptions considerable thought. They challenge teacher education programmes to address -
these alternative conceptions during training,

The importance of knowing more about student teachers preconceptions is receiving
recognition from researchers because they show remarkable resistance against attempts to
change them., Teacher educators want student teachers to change their concepﬁons of teaching
as explaining concepts through teacher talk to realising that teaching aims at student learning

10
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and understanding. But they seem to be unsuccessful in the end to influence student feachers’
conceptions brought to training classes. This results in poer transfer of the theory taught and

skills trained on campus to the classroom during teaching practice because teacher education

programmes fail to influence student teachers’ preconceptions (Wubbels 1992),

In a study assessing presérvice teach~rs’ attitudes and bel'iefs. towards science and
mathematics, McDevitt et al. (1993) found that different students had different conceptions
of teaching and learning. They also conclude that these beliefs develop over years of being
students and from other experiences and that they may not be - 1sistent with those expected
by teacher trainers. |

The idea that basic knowledge and beliefs about teachers, téaching and learning accumulate

early and are modified during preparation programmes as well as informal experiences also |

- teceives support from researchers like Carter (1994), Cole and Knowles (1993); Calderhead
and Robson (1991); Abell and Smith (1994); and Hodson (1988). Very little is kriown about
what teachers pemeive -about teaching processes despite general agreements that teachers’
understandings are of fundamental importance to teaching, While inuch research has gone
into novice teachers’ behaviours, attitudes and dispositions towards the field experiences little
research has been directed at what student teachers learn about teaching during their initial
preparation. (Catter 1994), | '

- Exposing, discussing and critically analysing teachers’ conceptions of science, teaching and
learning is important in informing teacher educators about providing prospective teachers
with other views in these phenomena. Teacher educators could also find ways of encouraging
preservice teachers to reflect on alternative views and.their implications for in.. action in
science. (Aguirre et al. 1990; Aguirre and Haggerty 1995). '

There seems to be no consensus regarding an apparent link exists between icachers views and
‘beliefs about science and their ¢lassroom practice. While some researchers, as mentioned
above, have suggested a link between teachers’ views of science and classroom practice,
others have been unable to demonstrate this link which exists. A review by Lederman (1992)
suggests that attempts to address students’ fack of understanding of science through the
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curriculum were inadequate, Furthermore these studies failed to show a significant
relaxionship between teachers’ understanding of the nature of science and classroom practice.
Though te’achers'may possess appropriate conceptions of sciéno;:, this is no guarantee that
these may be imparted to the students they teach. o

Inan earher study to 1dentxfy classroom variables wluch are related to changes in high school
students conceptions of the nature of science, Lederman (1986) found a positive relationship
between student outcome and both teacher behaviour and classroom climate '
.Although it is easy to see how a warm and supportive atmosphere would be desirable in any classroum,

such an atmosphere does not necessarily contributs to learning. Students must becoms excited about the

material being presented. Their interest and curiosxty must be piqued, for a warm and supportive climate

might simiply represent a non-threatening envir~aunent in which the student feels no need fo expend any
effort. The dynamic nature of the teachers’ presentation and the use of a variety of instructional med:a :

appeared to hiave accomplished this task (13).

- Discouragingly, later studies were not convincing about the link between ccnceptiohs of the
“nature of science and the “transfer” of these to students, The assumption that preservice

programmes can imprbve teabhéts’ conceptions of the nature of scienice by providing teacher
_tréinees with suitable strategies for effective transfer of these conceptions has no empirical
foundation (Zeidler and Lederman, 1989; Lederman, 1992), From a study to test the validity
of the assumptions that teachers’ conceptions of the nature of science directly influences
classroom behaviour, Zeidier and Lederman (1989) reported that teachers’ conceptions may
not necessarily affect the teachers’ classroom behaviour, Possession of a valid conception of

-'the_ nature of science will not necessarily guarantee that the teacher will perform teaching

behaviours that are dedicated to improving students’ conception of science. They do not,
however, comment on the counter case - the influence of a negative attitude toward science
on classroom behaviour or the link between the lack of an appropriate conception of the
nature of science and classroom behaviour, Teachers tend to focus their teaching on handing
over conceptual facts with very little aitention, if any, to the objectives concerned with
attitudes and values of teaching science (Lederman, 1992). In fact, an ASE report (1979)
states that science teachers who are products of science education that places emphasis of
content have a scant understanding of the nature of science knowledge (Hodson 1988). Also

“teachers’ classroom behaviour tends to be modelled around what they remember from their
~own experiences of what was used on themselves when they were taught (McDevits et al.

1993 and Bramald et al. 1995) .
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Lee (1993) cites previous studies that teachers who have po.nuve. attitudes towards science
like to teach the subject and that their students {00, will have a pomhve attitude towards it.

~ For teachers with negative attitudes, the students they teach tend also to have negalive

attitndes. Lee conducted a comparative study of students with different majors in a Junior
Training College and a Trainivg College. Lee found that for individual students there was

significant correlation of cognitive development, science process skills and attitude towards

science and that students with science and maths majors were more positive towards science.
This observation indicates the relationship that can exist between attitude towards a subject
and choice of the subject. Lampert (1988 quoting Horn and Walberg) feels that science

~ education research has not yet reached 2 stage where the relationship between understanding
~ and interest in a subject is known. Whatever the case may be, teacher trainers are faced with

the challe: ge of improving teachers’ understanding of the nature of science and scientific
knowledge. Exploration of teachers® views of science (knowledge, method, theoriesy during

' training could inform planning by methodologist to address inconsistencies in the conceptions

of s;:ienoe, wachmg and laiming held by presennce teachers.

The paragra.phs ‘below htghhght some of the research studies that have been conducted around
t&che.rs conceptions of the nature of science, science teaching and subject maftter
knowiedge. Armewofstudm onchem;ealbondmgandamdsandbasesxsalsomluded |

: latermthechapter

2,2 Conceptions of science, teaching of science and learning:

From the literature surveyed there was a lot of overlap between science and science teaching,
and veaching and learning within each of the research studies. Attempts are only made here
to distinguish between conceptions of science and ooncépﬁons of science teaching/teaching
and learning. Conceptions of teaching and learning are discussed s:mxﬂtaneously because the
two processes are interdependent. S
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2.2.1 Conceptions of science
Promoting an apt. npnateoonoepuonofsmencamanunpomntgoalofscmceeducaaon
(Lederinan 1986). Science students’ conceptions of science reflect the way science is taught,

40 it is important to understand tse relationsh: between teachers’ thinking and actions ia
class. Teachers' concepiions about the nature of science, science teaching and science

lea s may invarisbly be imparted to the iesiners in a variety of ways, including ways that

the teacher was taughtwhenasmdent (McDevitt et al, 1993). Whethermtenﬁonallyﬁrnot, :
teachers convey to students what a subjet is about, the nature of the subjects in their field
~ and the meaning of teaching and learning a subject. All these observations demonstrate the

connection between what teachers think and what they do (McDiarmid 1990).

: Scwmse as a body of knowledge is man-made and there is a genersl conseasus about this
'knmvledge that everyore adheres to. Achieving appropriate concapuons of science has been
a prolific area of research i in science education. Numerous arguments have been presented

in literature tegarding science, scientific method, mﬁﬁc knowledge, science teaching.

According to Hodson (1988) no general consensus has been reached on what constitutes the
scientific method. Cobern (1989) asserts that numerous instruments for assessing teachers and

" students knowledge - “nature of science have been roduced and used and that the theoretical

basis for the nature of science is well laid out in published studies, but it remains difficult

fo spenkofthenatureofsaience in common terms. Despite the observation that there is no

unifying method of science, science is not a jumble of irrational happenings Hodson (1988).
A few scicace educators Tike Driver et al, (1994) and Hodson (1988) also acknowledge that
sometimes there is no single view which can adequately explain what is meant by the
concepts science or scientific method. So each science educator presents a slightly different
view from the ofher.

Earlier views of science were that science is an interconnection of concepts and conceptual

schemes that developed as a result of experimentation and observation. Science was not
viewed as a quest for certainty but a quest which was successful only to the degree that it
was successful. Science was thus & speculative enterprise, an imaginative and expiorative

activity where intuition and 1magmat10n were the mainspring of advances in learning (Fenkins

and Whitfield 1975).
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Fodson (1981) described the views of science and scientific knowledge as multifaceted. Tn
the subjectivist view, science resides in the minds of individuals as a set of beliefs justified

by observation or reasoning. The obyectivist view considers science knowledge to be mian-

made but independent of its makers once established. The consensus view of scientific
knowledge is that it consist of facts, concepts and theories which are rocepted by a
community of scientists, Scientific knowledge is thus recorded for a community of scientists
in z style and language approved by them and to which all practitioners and learners are
expected to adhere, I feel it is this latter view that gave rise to the much researched and
controversial area of misconceptions in science education. |

Aguirre et al. (1990) agree with the view that scientific knowledge is a humai construction
and also advocate the idea that science is a process of consiructing broader models for

- characterising and predicting natural phenomena, While Driver et al. (1994) assert that |

scientific knowledge in many domains consists of formally specified entities and the

- | relationships existing between them. The concepts used to describe and explain phenomena

are human constructions invented and imposed on phenomena in an attempt to explaia or
interpret them. Driver et al. (1994) also present the view that scientific knowledge is socially
constructed, validated and communicated and that de learning of science is knowledge
construction involving both individual and social processes agrees with Hodson's (1988)
consensus view, Science is seen as a process of enculturation rather than discovery. Scientific
knowledge cannot be discovered by empirically studying the world.

From this brief review it appears that there is some consensus underlying the tenet that
science and scientific knowledge are human creations. Science is thus a culture with tools
enabling its creators to understand the natural worid, Science education has the responsibility
of providing links between children’s everyday experiences and this culture of science

" (Hawkins and Pea 1987, cited in Brickhouse 1990),

Aguirre, etal. (1990) conducted a study on student teachers’ conceptions of science, teaching
and learning, They found that students entering teacher education programmes posSess a
variety of views #bout science, teaching and learning. Their participants portrayed the |
conceptian that: |
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..... scienve is & body of knowledge comprising a coflection of observations and explanations of how and
vy certain phmmanafmcﬁonintheunivem; science coulsts of propositions which have been proven
to be comect or which could not be falsified; science is an acfivity directed at technological sdvansement

to improve lifestyles; nwnhﬁcknowhdgedwdopsﬁronghfomﬂnnnn,wmgthenmepmof'

tieories; (384-5)
According to the authars, none of the students’ responses displayed the idea fhat science
construtts model for explaining and predicting natural phenomena. Another cusclusion they
drew from their study was that the views teachers hold at the start of their teachér training
need to be exposed, discassed, analysed and modified to suitabie conceptions which can be
safely imparted to school children. They further recommended that preservice training

. include different strategies to develop skills in student teachers formherpreung and addressing
children’s prior knowledge. | _ ;

While exploring the effect of beliefs of two experienced teachers and one beginner teacher
about the natire of science on classroom practice, Brickhouse (1990) found though inferviews

and observations that the beliefs of the two experienced heachers of how scientists construct
knowledge were consistent with their beliefs about how students should learn. However, this

was not the case with the beginner teacher. She further recommended that preparation of
prospective teachers should occur concurrently with their stady of subject matter to enable
them to see the connection between their views about the nature of science, nature of science
learning and classroom practice.

Bloom (1989) assessed the understanding of science (knowledge science and theories,

evolution) among preservice elementary teachers. He found that subjects in the stody had

strong anthropomorphic beliefs which strongly influenced their understanding of science,
theory of evolution and how to teach this concept. This indicated that beliefs held by student

teachers can influence their understanding of science. He concluded that mere exposure to |

accurate readings or instruction will not necessarily bring about an appropriate understanding
of science. It seems that it requires purposeful efforis to expose inappropriate beliefs held by
individual student teachers during training,

Abell and Smith (1994) analysed preservice elementary teachers’ definitions of science and

conceptions of the nature of science. Their results showed that the student teachers held naive

realist conceptions of science (science discovers what is out there, scientists learn from
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~ observing the world, kﬁowlﬁdg_e comes directly from observable facts). These researchers

also found that the student teachers® jdeas were very similar to those of grade 7 pupils, This
observation led to the conclusion that the conceptions of science exhibited by the students

" were based on the science teaching they witnessed over years of schooling. They too,

suggested that teacher training programmes should help prospective teachers understand how
scientific knowledge is derived and how children learn.

2.22 Conceptions of teaching and learning

Having been Jearners themselves and having observed teachers at work for long pericds of
time, preservice teachers are likely to have already developed some views about teaching and
learning, even though such views may not be accepiable to science teacher educators (Abell
and Smith 1994; Carier 1994; Aguirre and Haggerty 1995). Also a large proportion of
prospective teachers enter formal teacher education institutions in possessiou of marnry beliefs
and perspectives regarding the roles and practices of teachers in classrooms and schools (Cole
and Knowles 1993; Catderhead and Robson 1991; McDiarmid 1990; Bramald et al. 1995;
Weinstein 1989).

The act of teaching is conscious and purposeful and ideally every teacher should have
adequate and appropriate knowledge to communicate to the those being tanght (Lederman

- 1992). The same view is echoed by Hewson and Hewson (1988) who advocate that the

logical truth of teaching is that ore necessarily teaches somebody something. Teaching is also
a specialist profession, not just anybody can. teach. Teachers possess a specialised body of

 knowledge acquire through training. (Hewson and Hewson 1989). Teachers have a goal-

orientation in relation to it’s clients - the students, Teaching is & professional thinking
activity, The teacher must posses a body of specialised knowledge, {Calderhead and Robson

+1991; Hewson and Hewson 1989). Unforiunately, th: profession does not receive the

professmnal status it deserves.

Science teaching i3 constrained by the presence of activities and tasks which are intended to
help the learners learn particular content, knowledge, skills, attitudes and the activities should
zelate to content the to be learned (Hewson and Hewson, 1989). The content should zlso be
within the competence of the pupils (Head 1982; Strike and Posner. 1982) and presented in
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such a way _tﬁat it is possible for the learner to learn it (Hewson and Hewson 1988).
Teaching is an active process which depends the knowledge and skill of the teacher, the
ability of the teacher to transform content by adapting it to suit the learning capability of the
leatners (Hewson and Hewson 1988). Thus the central role of teaching science is to enable
the student to reach a state of sind in which they can understand phenomena and pecform
the task of learning (Hodson. 1985; Hewson and Hewson 1988). However, there is no
requirement that Jearning oocurs simultancously with teaching though the two can be closely
tinked (Hewson and Hewson 1988). For teaching to result in learning, the learner must have
the intent and motivation to learn. The teacher cannot do more than facilitating the learning
process, It is practically impossible to teach anyone who is not willing to leam or who will
not leam. (Jeffreys 1971). o |

- Teaching and learning are complex processes which occur under a variety of conditions
‘(Head 1982). In an earlier paper "What is tesching?" Hirst (1971) demonsaates the

polymorphous nature of both teaching aind leaming and the dependence of teaching on
learning. As a result of the many different forms that teaching can take, he believes that

many activities can be injerpreted as teaching activities, But he further argues that teaching
can be used to label those activities of a person (the teacher), the intention of which is to

bring about in another person (the learner) deliberate leatning of something, From this
statement it is obvious that teaching cannot be separated from learning (see below).

" ‘The intention of all teaching activities is that of bringing about learning. {...] the concept of teaching is
tutally anintelligible without & grasp of the intention of learming. [...] there is no such thing as teaching
without the intention to bring about learning and therefore one cannot characterise teaching independsatly
of charasterising learning, Until, therefore we know what learning is, it is impossible for us to know what
teaching is. The one concept is totally dependent on the other, Becatise of the tightest conceptual connection
then the characterisation and raison d’stre of teaching vests on that of learning”. (Hirst 1971:9)

Learning and the growth of scientific knowledge is not a matter of adding to one’s store of
concepts or the accumulation facts (Strike and Posner '1982). Nor is it a matter of acquiring
"nnggets of truth" (Lakin and Wellington 1994). Learning is the alteration of prior
conceptions (Brickhouse 1990) and the transformation of current knowledge. Learning can
be better understood if conceptual change is understood. The process of teaching involves
"clarifying content presented in texts, explaining solutions to problem, demonstrating
principles, providing laboratory exercises, testing for recall of facts, ability o apply
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Yowledge to problems®, Teachers sbould be abie to diagnose, analyse and correct errors in
students thinking. (Lakin and Wellington 1994). |

It is important for teachers to have both subject matter knowledge and the skill of translating
that knowledge to the students they teach (Hollingsworth 1989). On investigating changes
in elementary and secondary preservice teachers’ knowledge and beliefs about reading
instruction, she drew conclusions similar to Aguirre et al. (1990), that student teachers have
definite prior conceptions about teaching and learning, though these may not be coherently

‘expressed. Preservice programmes thereforenmdtounderstand these prior conceptions to

appreclate_studﬂnt teachers’ lgammg and inform their supervision.

Aguu:re ctal (1990) also found that the student teachers regarded

: ﬂ:ahmhermammofhwhdgawhwhum&:redthmghthﬁpmofm the teasher
naguidswhomedmtasundmdmg through teaching; Jearning is intake of knowledge; learning attempts
tomahemseofnswmformahunmhghtofmmhwledgc leamngmllocmrasn:emltof

~ motivation.(Summarised from several pages)

-.Aguu're and Haggerty (1995) further note that few mvmhgatmns exaxmned concepts about

teaching brought by preservice teachers to teacher education programimes, They argue that
teacher educators concentrate on teaching aspects with the hope that improved learning will
follow from improved teaching, instead of focusing on both teaching and learning. They
advance that developing an awareness of other features of learning, the individual’s learning
proficiency may improve, Aguirre and Haggerty (1995) seemed to follow up on their 1990
suggestion. They investigated preservice teachers’ (with pure or applied science background)
understanding of learning through interviews on three occasions throughout the year of study.

- The resuits again showed that the group of student teachers held diverse cqncepﬁons and

ideas about learning and teaching, with some indicators that some did not seem to have a
clear view of what learning concerns. They also found that the students had not changed their
views substantially across the three interviews. They concluded that the theories identified
by the study must have been developed informally and were atheoretical and were likely to
influence their first few years of teaching, This study confirmec: ‘hat these prior conceptions
are tenacious as numerous studies have shown. |
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2.3 Review related to subject matter knowledge

2.3.1 Subject matier knowledge and teaching

Research on teaching effectiveness has consistently neglected the importance of subject matter
yet it is the central aspect of classroom life. Very little research seems to have focused on
subject matter in teaching studies, on how it is transformed from the knowledge of the
' teacher into content of instructions (Shulman 1986). Of all the literature on alternative
conceptions in science sampled from ERIC 1982-March 1993 only five references on teacher
. misconceptions in science are provided (Goodwin 1995). The status of subject matter
- knowledge of _presewice teachers has not been cxtensively researched either. Research on .
préctising teachers’ concepts, theories and'_p_edagngical beliefs regarding content and subject
- matter is also a recent eévent (Baird 1988). He calls for much more research to be done on
teachers’ conceptions and in particular on certain specific content topics, like energy. This
will result in a better understanding of the way.é teachers’ understanding of content influences
their intellectual performance. o | |

As mentioned earlier, the idea that teachers can be responsible for many of the errors that
students may dispiay has also been explored by Sanders (1993). She examined South African
biology teachers’ ideas about resplratlon and related concepts as a possible source of exrors
for students’ conceptions in this topic. The results of her study suggested that puplls were
in actual fact taught erroneous ideas because a large proportion of the teachers involved in
the study appeared to have erroncous ideas about the process of respiration. She also
proposes that if the problem of teachers being responsible for erronecus ideas is to be
corrected or alleviated preservice and inservice courses have to be used, For ¢xample, by
informing both preservice and inservice teachers of possible erroneous ideas that may be
held by pupils about biological concepts (and possibly chemical concepts), current research
findings on misconceptions, factors hat cause and exacerbate reisconceptions like the
dynamic nature of scientific knowledge, and the need for them to keep abreast. Student
teachers’ own erroneous ideas should be exposed and corrected.

There appears to be serious debates in research on _the'subject matter knowledge of teachers.
Different peuple place different emphasis on the kind of knowledge teachers must have in
. order to be effective teachers. While acknowledging that teachers’ subject matter knowledge
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may be inadequate, some still believe that helping teachers acquire better ways of presenting
material will make them more effective. Others believe that in the teaching process |
techniques are more important than subject matter kmowledge. Others still feel that subject

matter knowledge is more important as can be seen from the research reported below.

Amongst the issues which emerpe are
. the assumpiion that teachers know the subject matter they are to teach and all that
- they require is learning different ways to teach it (Mosenthal and Ball 1972).
 subject matter knowledge is a central aspect to classroom life (Shulman 1986)
subject maiter alone is inadequate for classroom instruction (Ferguson and Womack
1993) |
. effective teaching requires both subject matter knowledge and pedagogical skills

From an analysis of how teachers interpreted and assigned roles to subject matter in an
inservice programme Mosenthal and Ball (1972) concluded that teachers’ subject matter
knowledge is crucial for good teachmg but does not necessarily guarantee effective teaching.
A directly conflicting view is presented by Buchmann (1984) in her paper "The Priority of -
Knowiedge and Understanding in Teaching”, Here she strongly argues in favour of teachers
being knowledgeable about subject matter over pedagogy skills. She points out that all
professions use knowledge and in the teaching profession knowledge is what teaching is
about. On the basis of this argument she criticises emphasis placed on teaching and skills in
preservice work, She believes that no matter how useful these may be they do not add to the
content knowledge that is required for teaching. She asserts that

[...} while no degree of mastery of teaching skills can overcome lack of content knowledge, given content

knowledge, we have something to teach. [...] The teacher's experience thoughtfully explored, cas yield

knowledge and insight that can help in teaching and understanding of children’s thinking. However, no

amouat of reflection, observation of students, general information and personal experience can overzome

lack of ¥nowledge in sreas such as mathematice and chemistry, On the other hend, content mowledge

delimits the significance of management concerns and affects the very occurrence of management problems.
(Buchmann 1984:30, 37-8) '

Her strong convictions about this view are further demonstrated in her summary to her paper

Content knowledge i a logical precondition for the activities of teaching: without it, teacher activities stch
as asking question on planning lessons caunot proceed, This reminder sbout the meaning of the term
teaching does not set minimal or desirable levels of content knowiedge. It simply means the intrinsic
connection between content knowledge and feaching ss & distinctive form of professional work.
(Buchmann 1984:45) _




‘While Buchmann’s argument is logical, her rejection of teaching skills is challenged by other
science educators. The knowledge of science concepts does not necessarily imply that the

persons’ understanding of the nature of science and the scientific enterprise is as good. Italso

 says very little about being able to communicate it, (Yager, Hidayat and Penick 1988). Their
support comes from the abundant complaints about the teaching of university professors who

are known to be well versed in science content. They agree with many other researchers

{quoted below) that content preparation is necessary but insufficient for effective teaching.
They strongly beheve that presem.ce teachers be faught the hmtory, phﬂosophy and
applications of science.
In another study explosing the subject matter knowledge of maths graduates who were placed
“in schools to teach, McDiarmid and Wilson (1991) nofed that to expect teachers to know
everyﬂung about the subject matter they might be teaching is to expect what is highly
unlikely as shown by ﬂieextractbelow
| Teis assumed that teachers with bachelos™s degrees know enough about the subjects they are going 1o teach

.before they enter the programmes and consequesntly little aitempt is made to teach these teachers about
subiect matter. [.,.] it appesrs that many of these new teachers, however lack the fapdamental knowledge

of mathematics, (McDiarmid and Wilson 1991: 54)
. 'Though their findings cannot be generalised beyond the sample used in the study, some
- quiidns could be asked of the assumptions made in other post graduate teacher training
programmes:- Can it really be assumed that graduate students entering teacher training

programmes. know tlieir subject matter and only need help in techmques of delivering it to

the students they will be teaching?

Other science educators and researchers see the importance of subject matter knowledge in
 teaching and tezcher education in a slightly different light. Though it is the central aspect of
classroom life (Shulman 1986), knowing subject matter is more than representing and
explaining concepts. It reguires going beyond traditional content, knowledge of facts or
concepts and their explanation. Tt demands an understanding of the structure of the subject
and the ability to inquire within the domain (Mosenthal and Ball 1972; Shulman 1986; Yager
et al. 1988). Therefore a teacher lacking in subject matter knowledge is less likely to teach
effectively, Shulman also challenges the view presented by Buchmann (1984) by stating that

Teachers must not only be capable of defining for students the accepted truths in & domain. They must also
be able to explain why & particular proposition is deemed warranted, why it is worth knowing and how it
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relates to other propositions, Whmmmadiseipnneandwi&mm, both in theory and in practice
(Shulman 1986:9).

Ferguson and Womack (1993) also support the argument that content knowledge is
insufficient for effective teaching. They contend that research studies have shown that
expertise in subject matter alone does not make a person a good teacher of that subject,
which implies the need for pedagogical skills. Ferguson and Womack (1993) further argue
that there is very little evidence supporting the view that in depth subject matter knowledge
beyond certification reqmrements makes teachers more effective or that increasing teacher’s
knowledge of their subject matter area beyond requirements will improve teaching
performance. They conclude from their Hterature review on subject mattér knowledge and
fiow it affects performance in the classroom that there is evidence that subject matter
knowledge is an important prerequisite for effective teaching, though not sufficient on its
own. ’I‘hey also argue that acquisition of subject matter kﬁowledge beyond requirements for
the teaching certifick’s dogs not necessarily improve performance. Hauslein, Good and
Cummis (1992} advoca:e the combination of the two views. They state that the ultimate test
of unders_tandiﬁg rests on the ability to transform one’s knowledge to teaching but this can -
only be achieved when the teacher has a sound subject matter knowledge background and the

skill to transform that knowledge. All the same increased inferest in improving the quality

of education has vesulted in teacher education piogrammeé requiring prospective teachers to

be graduates in specific content areas before enrolling in teacher training programmes (Gess-

Newsome and Lederman 1993). Understanding subject specific content and pedagogy is a.
necessary condition for learning:to teach though not sufficient (Hollingsworth 1989).

Convictions similar to those above were also ev ressed by Gess-Newsome and Lederman
(1993). In an assessment study of the final year of course work, they found that biology
preservice teachers were unable to make appropriate Iinks between related concepts within
biology and the content they were going to teach - the students lacked the "connectedness”
in explanations found in experienced teachers. Their conclusion was that these students were
not being provided with a readily accessible, explicit structure (organised conception) of
. biology as part of their content knowledge offered by the respective academic departments.
'They believe that an integrated understanding of subject matter is vitally important for both -
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students and teachers and cannot be separated from the teaching process. Teaching or
thinking about how to teach the subject matter does influence the perception of the content
or vice versa. They recommended hat preservice teachers be provided withoppoftuniﬁato

_reﬂéCtontheirsnbject matter structures to help them develop a more coherent structure of

subject matter. This recommendation collaborates an earfier proposal by Hashweh (1989,
cited in Hauslein et al. 1992) for the need for subject matter preparation of preservice
teachers to be structured to contplement the sontent they would be teaching in the future,
This calls for a close study of the school syllabi duving teacher training. Hauslein ef al.
(1992) also observe that teacher education programmes appear partially successful in teaching
procedural knowledge (how to teach), but pays very little aitention to the declarative
lmowlédge (what to teach). There is thus a need to produce effective teachers who can
integrate subject matter knowledge and pedagogy, that is teachers who posses pedagogical -

- confent knbwlédge Collaborating evidence that teaching science can be chauén'ging even for

science graduates is promed by Goodwin (1995) from case studies involving g:mduate

 students halfway through their Postgraduate Certificate in Education and who had completed

six weeks of teaching practice in secondary school. He also notes from his own experience
that be came to understand fully certain very basic ideas in chemistry long after graduation.
1t also seems 4 fairly common occurrence that student teachers hold erroneous ideas even in
areas of their own subject specialisation (Gunstone, et al. 1993)

In another study assessing the devciopment of and changes in preservice science teachers’
'subjéct matter and pedagogy knowledge during teacher training Lederman, Gess-Newsome

and Latz (1994) again found that student teachers appeared to possess a non- ;oherent pattern
of subject matter, They were concerned that the fragmented style of presenting comtent
possessed by these feachers may be imparted to students when they teach secondary school
science,

In outlining a framework for teachers’ knowledge Tamir (1988) stated that to be effective

 teachers must be knowledgeable in their subject matter and be capable of teaching it, But he
~ draws aftention to the obscurity of the meaning and scope of subject matter knowledge and

what is involved in being capable to teach it. Lederman and Zeidler (1987) and Lav..jert
(1988) share the opinion that teachers cannot be expected to teach what they do not fully
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understand. If they are intrinsically motivated enongh to aitempt to do so, they would notdo
- justice to the teaching of those concepts. They feel a teacher must have at least a working

framework of what s/he is expected to teach, These feelings concur with those expressed

 earfier by Hirst (1971) and Hewson and Hewson (1988) that in teaching somebody teachers
- another something. Andlfﬂxatsomethmgmsmem,wnoeptstheyhavewbemconm:dance
: _mthﬁnosegmm]ly anoepbed

- Teaching is a iiiangular interaction between students, teacher: and subject matter, yet
" teaching studies ofien overlook the subject matter (Hashweh 1987; Goodwin 1995). Hashweh
 (1987) furgher supported ofher researchers like Lederman and Zeidler (1987) and Lampert

; (1988) regarding knowledge of subject matter to be taught. She studied the knowledge of

' spemﬁctopmsmblm.ogy andphysms using simulated incidents in these topics and involving -

_ m:peﬂaneed secondary schiool teachers specialising in physics and biology. She found that
' wndmgndredemlstheymnotrememberwhentheyareplannmgwteach'

otsocogmzantofthetopmwarefoundtofoﬂowthetexﬁaookvery closely and
whcn no ptactml activities were provided in the book, only the knowledgeable teachers
lmg"pvlwd Knowledgeable teachers were also more likely to detect students® preconceptions

- 'mn:e suecessfully, correctly interpret students comments and deal effectively with general
. classroom difficulties. The other teachers were more likely to reinforce preconceptions,
* . incorrectly criticise stzdents’ correct answers or accept faulty information from students. The

conclusion from the study was that teachers’ prior subject matter knowledge affects different
aspects of the transformation of the subject matter in textbooks while planning to teach and
would affect the actual teaching process. Bven though the study was not based on real
classrcom observations the results do demonstrate the possible shortcomings of insnfficient
content knowledge in a subject in classroom instruction.

2.3.2 Students’ ideas on chemical bonding
Research on preservice teachers’ understanding of specific science concepts seems very
sparee. This section of the review of the literature explores what could be found in this area.

Hashweh (1987), op. cit. reported that one of three experienced teachers who specialised in
bioclogy explained photosynthesis using the moleculatr/energy approach. The explanation was
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characterised by emphasis on chemical and energy-related aspects of hiological processes at

cellular level. ﬁeldeasmatcameoutofthcaplanauonshowedthatthecomepuonsofﬂte

_ chemlcalbondandmergymbmlogy may differ slightly from those accepted in chemistry.

According to that teacher, eaergyasneededtomahecomplmmolemﬂesandthatchenmal'
em:rgylsstoredmchemzmlbmds.Photosynﬂlemswasseentofunctlontatmpmgym
chemical bonds by attaching molecules to one another. Rmpmhmwasaplama-* w4
pmcmsofbreahngdownchemwlbondstohbemteenergyforceﬂacﬁwﬁes '

The relationship between chemical bonding, energy and bioldgical processes like respiration
and phmosyntheéis seems fuzzy. Hapkiewicz (1991) reported that students stubbpmly persist
in believing that breaking chemical bonds teleases emergy. She accuses textbooks for

encouraging this ﬁppamntly erroneous concepiion by speaking in terms of energy-rich bonds

in ATP molecules and energy stored in food molecules, Biology and chemistry teachers were

therefore advised to work co-operatively in developing an accurate conception of chemical
bondmgmbommesedlsclphnes She also proposed that an integration ofbmlogyand

chemistry examples when teaching this topic would be helpful in alleviating the supposedly

- conflicting views presented in the two dlsc_nphnes

In 2 study to develop and use diagnostic iests o evaluate students” lilisoonoeptioﬁs 'I!reagust'_
(1988) reported that some of the students appeared to make consistent errors regarding
inmermolecular forces. Common misconceptions were the misunderstanding that
“intermolecular forces are within a molecule” and that “covalent bonds are broken when a
substance. changes state”. Peterson and Treagust (1989) reported that grade 12 students
equated intermolecular forces with covalent bonds without any awareness of the variations
in the strengths of covalent bonds compared to intermolecnlar forces. These ideas were found
in students, but to what extent are they due to feachers’ own erronecus conceptions of
chemical bondmg? ' '

Bradley, Gerrans and Matthee (1985) provided evidence from their study of the views of _
secondary science teachers and student teachers about chemical bonding that pupils’
misconceptions about chemical bonding are due, in part, to teachers’ own nnsooncepﬁons.
They further noted that newly qualifying graduate teachers share the same misconceptions
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as the students and are likely to further pass them on to the pupils they teach. From -is
study it was found that both experienced teachers and student teachers exhibited similar views
to misconceptions prevalent amongst students. The researchers aftribnted these
misconceptions to the inadequacies of tescher training pmgzammes in develnpmg
scientifically correct views about chemical bondmg For example, the misconceptions thew
found were that the forces holding atoms together in a molecule of carbon dioxide result
from the ovexlapping of orbitals or sharing of electrons and confusion between causes of and
effects of bond formation. Another prevailing misconception in the group studied was the use
of the octet rule as an explanation of the formation of CCl; molecules from atoms.
Another study by Harris (1992) showed that even afier treainent using a specially prepared
package for addressing known misconceptions the following ideas were -trenchens:
chemical bonds in sodivm chloride crystale are primarily doe to attraciion between _
oppositely charged ions, | | |
brittle solids have weak chemical bonds,
forces holding C and O atoms in CO resalt from electron & aring (rather than
 electrostatic forces); | I |
chemical bonds form between two atoms becanse the atoms may share one or more
pairs of electrons; |
that the actual distance between atoms in amoleculeofH,,lsequalto thebondH-H
bond length

Chemical bonding appears to be a relatively difficult topic, particularly because there are

some inconsistencies in its treatment in biology and chemistry. Examples are the high-energy
bonds in ATP mole../es, respiration as an energy releasing process, photosynthesis as a
process of converting and trapping light energy in complex molecules. As suggested by
Bradley et al. (1985) amongst others, teacher education is the suitable starting point in
addressing issues of subject knowledge and Imsconcepnons of teachers. But this aspect is
sensitive. Student teachers enter teacher training programmm in possession of high self-
esteerz founded on their academic achievement, and for sop: ae to expose their erroneous
ideas in their area of specialisation could have detrimenwi effects on their confidence
(Gunstone, et al. 1993) | |
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2.3.3 Students’ ideas on Acids and Basis
Research or preservice teachers’ concepts of acids and bases is limited. Some studies have
been conductsd with secoadary school pupils. Ross and Munby (1991) noted that the topic
of acids and bases occupies a central place in high school curricula, but surprisingly little is

known about students’ conceptions in this area. They conducted a study in which they

involved high ability physics students in their final year of school and investigated in depth
the conc.pts held by these students. They reported that from multiple choice data every-day
phenomena of acids and bases and the concept of pH appeared to be well understood by
many' of the students, But in interviews some students appeared unaware that pH also applied
10 bases as well, They also reported that students experienced difficulties with base jons and
jonic equations and writing and balancing chemical equations.

" Another study by Cros, Chastrette and Fayol (1991) assessed knowledge and understanding

che,mistry' of concepis among first year university chemisiry stadents and how these
progressed through the year. Their findings revealed that students’ conceptions were

s positively modified by university teaching, Descriptive definitions of acids and bases changed

to more scientific ones for the Bronsted-Lowry and Arrhenivs theories. They also found that
students continued having more difficulty relating to bases (defining and naming) than to
acids. The perception of the base as a donor of OH" ions also per..sted. They concluded that

- despite their positive progress students scemed unable to see the relationship between the

scientific notions they appeaved to bave mastered in their first year chemistry courses and
their practical applications. They however, attributed this cbservation to the lack of practical
work done this area.

An area related to acids and bases investigated by Schmidt (1991) was secondary school
students’ ideas and problems with the concept of neutralisation. Students’ responses showed
that there was a general assumption that acid-base neutralisation always resulted in a nentral
solution irrespective of the strength of the acids and bases taking part in the reaction. Other
students thought nentralisation to be an irteversible process. He proposed that students can
be helped w devaio'p a better understanding of this concept, particularly in reactions
involving strong #cid and wrak bases by making them understand the two reacticns involved,

~namely protolysis of the weak aid and the reaction of hydrogen jons and hydroxide ions to
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form water..

Among the few available a more directly related study was conducted by Mosimege (1995).
Mosimege investigated physical science preservice teachers’ misconceptions of acids and
bases and how they relate to the studeats chemistry background, He also explored how the
knowledge of acids and bases of college of education students compared with that of
university students. Results of the stndy led him to the conclusion that the preservice teachers
definitely had misconceptions in the topic of acids and bases. There were, however, no
differences found between the two groups of students. Misconceptions were found in both
groups. Problems found Iaobeexpenenoed by students related to identifying non-propertics ;
of bases, predlcung the pH and order of acidity amony substances, familiarity with examples
of weak acids, and microscopic representations of aqueous solutions, limited familiarity of
ac_id basa-th_’ : .s‘s such as the-limitations of Arrhenius theory were

2 4 Dlrections frmm Literature Review

Student teachers and practising teachers hold a variety of ideas about the nature of science,
teaching and learmng. Tt appesrs that teachers are responsible for many of the conceptions
of science, teaching and learning and erronecus ideas vegarding science concepts that
students, and in turn, foture teachers have, Generslly these ideas are formulated both
informally and formally dnring schooling and influence prospective teachers® thinking about
their future profession in teaching and their imitial field experiences. It has also been
- suggested that these invariably pass on to students, evidenced by shortages o students
fol‘iomng science based careers especially in educatior. It also appears that unless these ideas
are addressed directly by identifying, exposing and discussing them they will not be changed
by normal insruction. Many of the researchers cited above are calling for teacher training
programmes to help teacher trainees and practising teachers change their naive conceptions
and to acquire appropriate concepﬁoné of science, teaching and learning. Tn this way it is
hoped that these will be passed on to the students and possibly more students will do science
subjects.

Teacher education programmes need to take account of teachers’ conceptions about the nature
of science, teaching and learning. The desired outcome is for science teachers to acquire a
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conception of "teaching as conceptual change® because then they will plan for and use
teaching activities which are based on students’ conceptions. Teacher education activities
whmhmllhelpteachersacqmeaoomeptlonofmchmgasconcepmalchangenwdtobe
developed. Teachers also have w acknowledge that many of their conceptions are
inappropriate and be willing to change them for more acceptable ones.

If learning science is viewed as a continual process of concepinal change, science teachers
need to be able to facilitate that process, they teed to know what their students know and

plan their instruction to accommodate that. The call is for fiitare science teachers to develop
an understanding+of how children learn science and how scientific concepts are constructed
and therefore changing and not a fixed body of knowledge.

The deficit of adequate subject matter knowladge among preservice teachers maintains the
wcmus circle of underprepared students leadmg to underprepared | teachers. Teacher trainers
“need to be aware of student teachers’ limitation in subject matter. Student teachers need to

be aware of their own shortcomings in content, If this is to be achieved concerted efforts are _

necessary {o assist prospective teachers acquire appropriate conceptions at the sume time they
develop skills of how to transform knowledge to promote its understanding by pupil. Then
there is a need for subject matter preparation of preservice teachers 1o be structured to
 complement the content they would be teaching in the futnre. This calls for a close study of
the school syliabi during teacher training. |

The present study attempts to ideutify and describe selected student teachers conceptions of
science, teaching and learning how they influenced their experiences of the programme, as
well as aspects of their content knowledge and how all the above affected their teaching
practice. Throughout this review, science researchers and educators seem to be calling for
a unifying view on teacher preparation: that of preparing teachers who have both subjiect
matter knowledge and pedagogical skill and who can integrate these for effective teachmg
and leammg
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. 2.5  Sourees for methodology
- Three main studies provided ideas for thede.ugnofthawhole methodology ofthzs sindy.

These were Gunstore et al. (1993, op. cit.), Aguirre etal. (1990) and Hewson and Hevwson
(1988) As already mentioned above, the study reported by Gunstone, etal (1993} provided

~ the- framewoxk for exploring preservice teachers’ experiences of the programme thrngh

diaries, interviews and observations of HDE classes and triangulation of the data. The three
studlwalsoprovxded questions forﬂlembem&w schedule used for the initial and final

' intervmws, with minor adaptations (Seeappendm 1 forspemﬁcconmbuuons) Other studies
used to derive ideas for data collection were Lederman and Gess-Newsome (1991) and

Ellwem_,. Graue and Comfort (1990), used for the unstinctured interview on teaching practice

' Diagnostic tests used were obizined from Harris (1992) and Mosimege, (1954). The two -

were mladxﬁad by either excludmg quesnons or combxmng questmns. Some idieas from Harns

(1992) we.re also used for analysis.
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3.0 Introduction |
This chapiet describes the procedures used to obtain data on the experiences of sclected
Higher Diploma in Education students as they progressed through the course. It explores
some aspects of their subject mater knowledge on chemical bonding and acids and bases and

‘that of their colleagues’. T also explores their conceptions of the nature of science and its

teaching and learning, Several methods were employed to obtain data for the study. These
methods included three interviews with each of the selected case study students, observation
of selected lectures and selected teaching practice lessons and diaries for those who could
keep them. It was hoped that by using several different methods triangulation of data would
be achieved. Daagnoshc tests ‘were-also used for testing Subjact matter knowledge of the
whole class. - - |

Before beginning the actual study, T had discussions with the physical science methodoiogists
during which we agreed that I could sit in the 1ectnres I also interviewed the chemistry
methodologist to find out a bit more about the HDE programme as a whole. On the first day
of the physical/general science methodology lesson I was introduced to the whole class of
EDE students, The students were also informed about my intended study and their
anticipated co-operation in the process. This broke the ice in preparing for my future

‘attendance of the lectores. I then attended a few lectures for z start, getfing a general feeling

ofwhatmexpectandalsobeoommgfammarmththesmdents. This enabled me to identify
suitable subjecn; for the study.

3.1 Selection of Subjects
By the end of the first block I had identified the sub_]ects for the study, three at first, all

| males. But this soon changed when one of them failed to return in the second block of the

university calender (Le. May). I had to find more subjecs. I then selecied two female
siudents to balance the two male students! ' |

Thus four of seventeen HDE physical/general science methodology students were eventually
selected for participation in the proposed stady. In this respect the study was four case
studies within the context of the class, The first selection of the three male students was
based on the premise that they were "similar” to the students I would be working with as a
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teacher trainer on my return to Swaziland. These students could be considered comparable
to Swazi students in terms of school background (exposure to school science facilities) and
to some degree, cultural background. 1 was fooking for students from non-TED schools,
students who came from the (s0-called) "disadvantaged” background in the South African
system, Usfortunately two of the initial three students deregistered, one at the end of the first
block and the other during the course of the second block, as mentioness above, Attempts to
ascertain reasons for withdrawing were partially successful in the case of the second student,
but no attempts were made {o ascertain reasons for withdrawal by the first student a3 this

~ happened very early in the course. A detailed description of each of the three remaining

students is given in chapters 5, 6 and 7. Willingness to participate in the study and-
accessibillty during teaching practice were other criteria considered when selecting subjects.
Fortunately all the siudents who were approached expressed wxllmgness to partlcxpate in the
,;‘udy without any problem,

This _study focuses on the three case study students who completed the programme:
~ Andrew, a male with some teaching expetience in mathematics and scienge and who
hold a BSc degree with a chemistry 11l major. Andrew was teaching' pért time as well
during his training. | |
~ Ferrial and Mary, young women who have no teaching experience, and who hold a.
BSc degree in biological sciences and chemistry 1.
The fourth subject is not included in the write up. The reason for this is that only the initial
interview was conducted. When he eventually came to an interview-he.was in a highly upset,
emotional state. Analysis of his interview transcripts did not provide useful data for the |
purposes of the study. He did not answer the questions satisfactorily in order to provide
answers to the research questions. He was an interesting case’ in that he raised several
sensitive issues not directly related to the study. He subsequently withdrew halfway through
his HDE studies, so data from his interview was insufficient for a complete case.

3.2 Data Sources:

The main data collection procedures were interviews, classroom observations and diagnostic

- tusts. The interview schedule was adapted from hose used by Hewson and Hewson (1989),

Aguirre et al, (1990), Gunstone et al. (1993), Another interview schedule (consisting of only

4




Y

. : ) . ’ N
N

ideas) was designed using ideas from Lederman and Gess-Newsome (1991). Diagnostic test
were taken from Harrds (1992) and Mosimege (1994) with very minor adjustments.

32.1 Tnterviews

Three interviews were conducted for each case study. The first interview of about 0 minutes
was conducted at the beginning of the study. The last interview was held at the end of it all,
when they had concluded their ciasses. The first inferview was used to ascertain the
participant’s background, their initial conceptions of science, science teaching, teaching tasks
and leaming, The third interview was sirmilar to the first one except that it focused more on
participants’ conceptions of science, teaching and learning, and their perceptions of the
methodology and additional studies course. The interviews were semi-structured and on a one
to one basis. An interview schedule (see Appendix 1) was developed by adapting ones
previously used by Hewson and Hewson (1988), Aguirre et al, (1990) and Gunstone et, al.
(1993) &id recreating some questions from ideas presentad in these studies, Themierv:lew
was piloted on two postgraduate studeats, for timing, questioning order and phrasing. Asa
result of thxs, the schedule was shortened. For two of the participants, Andrew and Ferrial,
a second interview was held during the teaching practice period. The aim of this interview
was {o explore their feelings of the teaching practice process, difficulties or problems
encountered, successes and failures, Ideas for these questions were obtained from a few
stodies including Lederman and Gess-Newsome (1991) and Ellwein, Grave and Comfort
(1990). For Andrew the second interview also served to obtain data on his experiences of the
physical science methodology course and the programme as a whole because lie was unable
to keep or hand over a journal, For the third participant, Mary, the teaching practice
interview was combined with the last inferview because it was not possible to conduct the
interview during teaching practice due to time constraints. Paris of the teaching practice data
had to be nbtained later because Mary was unable o answer the questions as she first needed
to reflect on her teaching practice experiences. These interviews were tape recorded and
transcribed verbatim. Initial interviews involved the four participants, but only three
participants took part in the later interviews. The fourth stedent (the second to withdraw) was
excluded from this report because his interview transcript showed that he did not answer the
questions satisfactorily, making it very difficult fo find patterns and generate statements in
a similar way to the other three cases.
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3.2.2 Jomrmals

Iheideaof'uﬁngjoumﬂkeepingbyparﬁcipahmasamceofdamwasalmmkenﬁom |
- Gunstone et al. (1993). Participants were also asked to keep diaries of their experiences

(feclings, pacepuons,mprwsmm,hkm dislikes, etc.) of the lectures and or classes they

attendedfortheprogmmmeandwachmgpmchce As expected, this proved to be an onerous
task, However, oneofthembjectsmﬂymadeannnpramvee&orttohepone_evmdunng

" teaching practice. This journal proved very useful in accessing her experiences. Another case

. 'study participant kept one before going to teaching praouce, but was unable to continue.

* These two dia~"ss were collected at the end of their formal training. The third participant
claimed to have kept one but it was never received despite efforts to get it back.

3.2.3 Class observatinns
’Ihc third data source was classroom observatwn. The three students were stodied while

| -_-mtemchng mthﬂlezrcoﬂeaguesandﬂxelecm:erdunngclassesandwerealsoobservﬁ

during their machmgpractlce Teaching practice lesson observed for the three remaining
students were on acids and bases, chemical bonding and on convection and radiation.

The obsarvations of the classes were intended to be unobtrusive. As a researcher I was &

non-participant obsesver in the sease that I made no contributions during cbservation of any
of the lessons. My role.was known to all the student teachers, During each observed session

I would sit either behind the students during lectures or at the back on one side of the class

during teaching practice, after settmg up reoordmg equipment. This strategy has been
suggested as the best way to achieve non—parumpatory observation (Cohen and Manion
1985). Furﬂlcrmore I referred siudents who asked questions to the teacher, though

| -sbxneﬁmuzlwastempbedmanswerthem.llalsamadesureﬂ:athas;xremtbeforethe

lesson started. Occasionally, during teaching practice the venue would be used by another
class just before the lesson to be observed., This meant that I had to set up the audio-
recording equipment while the students were settling down, I observed a number of teaching
practice lessons and before long students felt comfortable with me and the curious students
talked to me about my purpose there at the end of the lesson,
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Physical science methodnlogylectures

Several classes wmobservedmc]udmgthreeonchmmlhondmg one on acids and bases, |
symbols and representation, the nature of science. Detailed field notes were only made duzing

two chemical bonding classes (see Appendix 4 fieldnotes for class discussion 1) because these

classes actually focused on both content and pedagogy. An ordinary audio-tape recorder was

used to make tape recordings of these classes were made for purposes of enxiching the field

notes. Audibility was dot of the best quality as can be noticed in the transcripts and field

notes in Appendix 4. A record of the activities and verbalisations was also kent,

Teaching Practlce

My initial introduction to the school pnnc:pals was very informal. I simply went thh M1
to the respective schools, M1 informed the principals about the purpose of my visit and
requested permission on my behalf to visit the school as I wished. She did not see it

- necessary to make it formal and as she had thought the principals were casual aboutn:too

Tt was thus pot necessary for me to report each time I was at the school, For each visit T
made to the school X went straight into the laboratory ar classroom where the lessons were

held.

The same procedure as that used in the physical science methodology lectures was used to
obtain data during the teaching practice Jesson cbserved. In these lessons verbalisations of
students and teacher trainges were tape recorded and scripted where possible, classroom
activities that took place were also noted. An attempt was made to record as much as
possible of what happened during those lessons.

The classroom observations conducted for this study were very unfocused. I was more
general in the observation without focusing on particular things. I tried to record as much
as possible of what went on during the lessons. Field notes, some enriched by tape
recordings, were made. However, in analysing the field notes some degree of focus was
required and the categoﬁes guiding the description were identified.
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3.2.4 Diagnostic Tests |
Diagnostic tests to ascertain the status of the students’ subject matter knowledge on chemical
bonding and acids and bases were administered to the whole class. The two topics, acids and
bases and chemical bonding, were sslected because they are discussed as part of the science
~ methodology course and there was 2 good chance of these topics being taught during teaching
practice, The tests are given in Appendix 2A and B.

The acids and bases test (Mosimege 1994) consisted of twelve multiple-choice questions and
~ seven structured questions. Tt was administered to the whole class during the last two weeks
of the year. The reason for asking the stadents to write only one test was that the test itself
was being developed and it was not possible to obtin the a fest in time. The topic was
discussad eaﬂierintheyear-MawaIwasnotmdy. The test was long, soit'wasgiv_en
as a "take home test”. Only six out of fourtesn test scripts were returned for analysi,

For chemical bonding a test adapted from Harris (1992) was administered as a pretest a weck
befare the topic was discussed and as a post-test during the last lecture of the year. The test
had ten multiple choice questions. To probe desper the students’ understanding of chemical
bonding concepts, stndents were asked to give reasons for selecting their answers. The

pretest was again given as a take home test because of time constraints and ten were -

retarned.

Students’ chemical background was also sought, from M3, for purposes of establishing links
between chemical background and knowledge of chemistry concepts.

3.3  Reliahility and Validity

This is a qualitative study. Tt is well known fhat data obtained froni qualitative studies are
subjecﬁvé in nature and therefore vulnerable to validity and reliability criticisms.
Methodological triangulation (Cohen and Masion 1985) was used in an attempt to ensure

some reasonable lev  5f reliability and validity. As indicated above the present study made

use of triangulation between the methods used for data collection: observations of lectures
and teaching practice lessons where field notes and tape recordings were made, semi-

structured perticipant interviews and to a lesser extent diaries. The idea of trianguiation in
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34 Data analysrs

Data analyms involved a stm ~f the sources of data for cuatent, This helped derive
‘information aboutparhcipantsuxpeﬂmthroughﬂ:ecourse, their conceptions of science,

science teaching and leaming and teaching tasks, and any patterns of change in these,
patterns in classrooms practice and their pesceptions of their successes and failures, This was
done for each parficipant, Data analysis procedures were also derived from the studies which
shapeddatacoﬂechonprocedmes

Analysis of the diagnostic tests focused on aspects of science content in which students
appeared to be experiencing problems, and how these were dealt with during class discussion

_ in the case ofchemcalbondmg Thedmgnosﬁctestmwereusedforquahmtm
_'purposes,formdlcatmgthastatusofthesub]ectmattﬂknow]sdgeofﬂkedassmthetoplcs

tested. Analysis of the diagnostics involved identification of students’ ideas on concepts
re]atedmchemcalbondmgandamdsandbases Responses in the pretest and post-test ‘were
compared to debirmis.¢ any chanpes that might have occurred as a result of discussing the
topic (chemical bonding) in HDE ciasses and/or teaching it during teachmgpracﬁce Chapter
4descnbesaspectsofchsnucaloonceptsexplo:edmﬂ1etests '

3.5 Generalisability
This study involved case studies. Case studies can be unique instances in many aspects.
Student teachers enrolling in the HDE programme can vary from year to year hoth as a
group and as individuals. Because of this c¢haracteristic of the stndy the findings cannot be
extended even to the next raember of the same class. Though generalisations cannot be drawn
from this study, it would certainly inform any researcher who considers embarking on a
similar study since |

- we would suffer long deldys indeed if our every new emcounter required us to stast afrech rather than rely

on previous experiencs in discerning an essentially predictable world. (Wolcott 1994:33).

For this reason a detailed description of the findings is given in chapters 4, 5, 6 and 7 to
allow "en*“wusiastic” readers to make their own interpretation and draw their owr. conclusions

from this study (Wolcott. 1994; Brickhouse and Bodner. 1992).
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4.0 Introduction : C

Until recently post graduate tezcher training programmes have ignored the subject mater
imowiedge of teacher trainees leading to their partial success in teaching procedural |
knowledge and inadequate support for declarative knowledge (Hashweh 1987; Hanslein,

- Good and Commis 1992). Only recently, in the mid 1980s, have serious debates taken place
regarding the importance of subject matter kmowledge versus education courses in preservice
programines (Ferguson and Womack 1993). In this study attempts were made to explore the
importance of discussing conitent in reducing the teaching of misconceptions in the classroom.
As mentioned in Chapter 3, the arsas of focus in this study were chemical bonding and acids

~and bases. These twe topics were chosen because they were discussed in methodology classes
and from previous observations by M1, these topics are taught during teaching pracnce This
would make it possible for me to observe their teaching,

This cheer i divided into two main sections. The first part contains the analysis of the field
‘lotes taken during methodology classes devoted to chemical bonding and an analysis of
student tests on the topic. The aim was to ascertain the status of the HDE students® content
knowledge in chemical bonding. The second part focuses on the students responses fo the
acids and bases test.

4.1 Chbemical bonding

Student teachers’ views about chemical bondmg and related concepts were determined by
analysing their responses together with explana.tlons, in both a pretest and post test. The post
test was administered when all the clagses discussing chemical bonding had been completed.
The test was used to establish the status of students knowledge of chemical bonding concepts
before instruction and to establish whether any ronceptoal change took place during the

teaching of the coutse.

4.1.1 Disgnostic test analysis:
- 'The fest was used to determine HDE students’ views on the following aspects of chemical
bonding, dispussed in the order given below,
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) origin and nature of the chemical bond ( test questions 1, 4, 5);
s *distinction between intermolecular and intramolecular forces (test questions 3, 7, 8);
. atouic and molecular dimensions (test question 6);
*link between macroscopic properties and microscopic structure (test queshbn 2);
*structural change dunng phase change (test question 9) and -

. understanding of the term molecule (test question 10),

The numbers in parenthesis correspond to the questions in the test (sce [Appendix 1A])
dealing with the aspect investigated. (*These classification aspects are taken from Harris
(1992).

| . . 5 )
As mentioned in Chapter 3, the pretest was given in a queshonna:m form as a take-home test
prior to the discussion of the chemical bonding in the physical science methodology classes,
The test was given a week before the discussion of chemical bonding started. Only ten of the
sixteen student teachers in the ¢lass retumned the questionnaires in time. Ferrial (one of the

cases in this research) only retened her responses after the discussion had started. Analysis

of students’ conceptions on these aspect of chemical bonding are therefore based on only the

 ter. questionniires seturmed on fime. The post test was written during the very last lecture of

the course. Fourieen students were present, Data from the additional four students has not
been included in the discussion because they were not useful in showing the effect of the

- chemical bonding classes in the methodology course and additional studies. -

4.1.2 Observation of methodology classes

The field notes taken during the class discussions on chemical bonding were analysed with 2
view to determine aspects of chemical bonding addressed in these clasees and issues that
seemed problematic for the student teachers. The discussion below will integrate relevant
aspects of the field notes with iswues arising from the pretest and post results, It is hoped that

- such a fairly detailed discussion will inform the conclusions drawn regarding the effect of

discussing chemical bonding in the HDE courses, The term ‘class discussions’ is preferred to
lectures because as with the other sessions these were more of a discussion between the
lecturer and the student teachers as opposed to normal lectures where the lecturer does most
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of the talking. -

General features of the observed class discussions. |

Four class discussions on chemical bonding were observed. Three were offered in the
physical science methodology an’s one in the physical science additional studies, Two of the
three physical science metbodology class were conducted before teaching practice and

~ focused on content issues, They helped stadents revive their content in the topic and

addressed errors in their conceptions of chemical bonding and related concepts. These two
class discussions also highlighted contradictions between material being presented in class
and that current in school textbooks and notes, The lecturer highlighted problems that had -
been experienced in this connection in the past. The lecturer also stated that they wanted

[.-.] to get stadents* ideas on how to cope in teaching practice. The main concern is that you are well
equipped for the topic before you go out t;s teach. [CD1:263] -

Class discussions o o | |
The topic on chemical bonding was offered by a lecturer (M6) from one of the college. of
education in Johannesburg in conjunction with M1. M6 introduced the first session of the
discussion by relating bonding to strength of materials used in construction of structures

| requiring immense strength: such as concrete, steel bars and stone, but not plastic. With

these example she was able to relate the strength of construction material to their microscopic
structure: the bonding between the atoms. |
The first discussion session focused on

origin of forces of attraction and bond formation.

network and simple molecules

chemical reactions and chemical bonding

. hydrogen bonding and intermolecular forces

The second class discussion which came a week later explored further some of the issues
raised in the first session and also explained and consolidated student teachers’ understanding
of chemical bonding and related aspects. '
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| Inthesecondsessionthofoﬂovdngﬁpoctsmdiscussed
. _causeandeffectofchemmal bo::dmg mcludmgﬁsdeﬁmﬁon

. hydrogen bonding
. . structural representation _
. cbval&nt,ionicandmetalﬁcbonds

dimensions of atoms and molecules,
Itwﬂbenoﬁcedthatﬂleﬁmtwowmdea!tmﬁlmtheﬁrstmmn Intheseoonds&mon
theyweretabuastepﬁlrﬁlerformorec]anﬁcatlon. ' '

Atthestartoftlmeﬁrstolassdmcusslononchemmlbondmg anasmgnmmtwasgwmtothe
student teachers. Thxswasmmedatgethngﬂlemtoﬂlmkatmthowtomtmducechemwal '
bondmgtosecondary schoolstudents The second class discussion was thus introduced by
first looking at the assngnment quesl:lons and student teachers’ ideas ansmg from these

~ questions.
During the methodology classes, chemical bonding was discossed in an open ended way and .
- student teachers were mcouraged to review their own understanding of the concepts and to

quesuonthemﬁewsonﬂwooneeptsasweﬂastoaddressthmquesﬁons A1l the aspects of
chemmalbon&nginthedmgnosﬁcﬂtweredmcussedmﬂmseclasses 'Ihereason, though
not ascertained, couldbeﬂlatM4'srewewofﬂlepret&stresponsespnortoﬂleclass '
discussion gave her some insight to specific problem areas that could be addressed. Attempts

have been made to show this by integrating the students’ responses in he test and the manner

in which these concepts were addressed. Class discussion of each theme will follow the
description of the responses for each theme. The pretest served to inform the methodologists
of the students’ conceptions prior to disenssing chemical bonding. There were more aspects
of chemical bonding discussed in those methodology classes than reported here-thosé which
were not directly finked to the question in the diagnostic test have been excluded, - o
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4.1.3:  Students’ chemical backgmuml
The term nhemmlbackgmmd’muwdherewmfermﬂlemghestlevelofchemuydone
 prior to enrolling jn the HDE programme. This is summarised mgetlwththtestsmresfor |
- multiple:choice questions in Table 4,1 below.

Table4 1 Snmmm'y ofHDE students ofchemimlbackgmmdanﬂ&stm

- Students® Ghem:calbackgmund _Tmmm'uuﬂ-
. \Perrial _ Mﬁﬂyl . . 3 3
!I , 2Mury Chepistry 4 5_
W 3 Andrew Chemistry T 4 6
B swiemas Chemistry T 6 9
I swems Chemistry I EN 9
Stadent 6 . Chemistry T 6 7
. Smdemt7 " Chemistry I 3 9
| Stadent 3  Chemistry TiI 5 e
Sindentd Chemistry I 4 9
‘Student 10 Chemistry I 5 8
| Class Aversgs 4.6 7.7

’“”'ﬁa Ty AT marh:trary Jabela or Protecting sndent '3 108Dty




4.1.4 TestAnalysisandResulﬁs _ : : :
Resultis of the analysis of the muluple chmceresponses wallqueanons i boﬂ1pretest and
postmtmsummansedandreponedm'mbluzmow mnumb?:smtbzmbleamthe |
at-tualmmxb&*sofstudentswhoselectedthatopﬁonmuchquesm

'I‘able4.2 Summaryofmspmtnmﬂﬂpleehniceqnesﬂonforboththepreustand
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A. method used by Ntho (1991) and Harris (1992) among others was applied to indicate those
quesnonsforwmchsmdentschangedenoneousweasﬂwymayhaveheldbeforemempm
was discussed. In this method the possible effect of the class discussions on chemical bonding
. is shown bythesmftmthenumber of students who change their views between the two
tests. The data obtained from comparing tesponses of individual studemts in each question it
ﬂleprewstandﬂleposttwtaregweanable43below
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. Table 4.3:

~_student hwolved in the study

Shiﬁsmchoineofnpﬂnnbetweenpretest andposttestfor each HDE

Q'UESTION’S

ob

| RS

H- WR

Lwew

v

2l e o]

o e i w foa

ICECECEER R Il |

Total

With a sampie size of 10, statlsncal analyms would be mappropnate 'Ihexefore I cannot state

10

wc_:-caaun—-jm

10

L= ==ﬁ=wmngtonght;

W-W wwrongtosamewmng, W-U-:wrdngtodifferentwmng;

W= i e

with certainty whether shifts are mgmﬁcant or not, So a quahtanve discussion is used in
which actual students’ views are explored in the aspects presented in each quesﬁon in the

' teshsmﬁsarealsoincludedmﬂwdxscussmnandarerepresemed grapmcallyatthestnrtof

the discussion of questions where there apm to be big shifts or no shi.ﬂzs d:spiayed
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 to think that chemical bonds resulted from atiraction of oppositely charged ions. The idea
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4.1.5 Origin and pature of the chemical bond:

Cuestion 1: : :
Figure 4.1 below :Jlustrates the performance of the student teachers in both the pretest and

post test.

Performanices in question 4

-
i of shokacey: ’ .
o @ Y kR D AN

. igure 4.1 Perfo:manm shifs fur qugsﬁun 1

=]

| Question 1 tested student teachers uaderstanding of the primary cause of the chemical bond P B
© in the sodium chlonde crystal. From Table 4.2 it will be seen that in the prefest only one . .

student, Ferrial, appmred to hold a correct conception of the electrostatic nature of a . _' |
chemical bond and she maintained this conception in the post test. While the rest (9) seemer BN

underlying the major distracter (A) was that of electron transfer from one atom o another to
form oppositely charged icns which attract during bonding. The same conception was aiso
displayed by Rerrial though she selected the correct option. Since Ferrial returned het
responses later, it is possible that the class discussion influenced her choice of option C for'
guestion 1 as shown. '
'F: C*  Tonic bonds, NeCl consist of Na* and CI" ions held together by electrostatic attraction.

According to this reason the attraction is between the ions instead of electrons and protons
which is the generally accepted conception. | -

(F 1epresents Ferrial C* denotes correct answers, Exglanations are also given verbatim or
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with minimum modification for purposes of authenticity of the ideas presented by the student
teachers.) Similar ideas were displayed in the responses of five other students 5, 6, 7, 8 and
10, Student 10 went on show further inappropri'ate conceptions by stating that

Electrostatic forces are very weak and could not be responsible for chemical bonds in NaCl.
The reason given by student 6, another chemistry major, for cheosmg A as the key dlsplayed
an understanding of the involvement of the octet rule in bonding thus:

6; A:  Nais in group 1 and easily loses an electron to become a positive ion. Chiorine is in group VII and likes
10 gain an electron to become a negative ion. Both lose and gain electrons to obtain a more stable electronic
structure, viz a full valente shell.

Similar observations were reported hy Bradley et al. (1985), from a study where 73% of the
student teachers involved perceived the octet rule as an explanation for the formation of CCl,

- molecule from carbon and chiorine atoms.

- Data from analysis of the post test suggest a change in these conceptions by seven students

(Fig. 4.1). Student number 6 did not seem to have changed his views on bording in a sodium
chloride crystal. The same idea presented in the pretest was given in the post test as shown
by the response beiow. = o

6: The chemical bonds in sodivm chloride crystals are primarily due to A: attractive forces between oppositely
charged iops. This causes the atomy to come close enough togsther so that their yespective atomic orbitals may
overlap to form molecutat orbitals, :

There seems .to be disparity within the response, While the first part has the connotation that
oppositely charged ions are present and therefore no atoms, the latter talks of ato:mc orbitals -
overlapping due to ionic attractions.

Student 8 appeared to have changed views but disputed the ceneept discussed as the key in
defining a chemical bond during the class discussions thus

8: C: electrostatic forces are not chemical bonds,

An interesting observation to note is that a student who seems to have changed his/her
conceptions has actually not changed. For example student 8 chose the correct response but
the reason given was in direct conflict to what was discussed in class, Ferrial’s response is
another example, What also emerged from the responses in this question was that prior to

'dise.ussing chemical bonding, there was a strong perc'eptien that charged ions are responsible
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for holding the sodium and chlorine in the crystal lattice.

Question 4:
Fignre 4.2 above shows the shift in students performance from pretist to post for question 4.

Performanca in quastion 4

Humber of shxdenla

RA WA T Wi

g fom pre-hiet o postiest
Ilmdml

Fignore 4.2 Performance shift in question 4

This question soﬁght students understanding of the nature of the force holding carbon and
oxygen in a carbon monoxide {(CO) moilecule. Again only one student, number 8, selecied the
correct option without adeguately qualifying it with an appropriate reason, The explanation
given by the student did not display much understanding of these forces. For example:

8: B%: Electrostatic attraction is a force, The question agked for the FORCE ihatholdsﬁteCandOtogether.
Indeed there in an electrostatic force, options A, C and D do not refer to FORCES.

The other students gave the variety of explanations given below ranging from stable octet to

orbital overlap:
3; C:  the forces that hold the two atoms together iz not slestrostatic. A dxsmhuﬁnnofelectronclouddmty is
respoisible for the reaction

4: D:  they are covalent bonds so share electrons not electron pairs and form & stable octet

6: A:  Carhon dowsn'’t share electrons and electrostatic attraction is out, A stable octot comes from sharing of
electrons,

5: A: The bond in CO is a triple covalent bond caised by the overlap of p-orbital.

7:D:  Electrostatic attraction occurs between ions and this is 4 covalent bond. .

9: A:  Electrostatic attraction (B) does not necessarily result in a bond to form & molecule. Although C and D are
true in the bond of the molecule : they do not result in the foree holding the atoms together; ie force as a
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C mltoforbimloveﬂappmg
10: A: COhasamphbondthmforembondmgummhed—-> m'lmalomlappmg

'Nouoehowsnmemss 6, 7and9d:snusse1ecuostaucfomesasbmg:esponsnmefm
bonding in catbon monoxide. Tt will also be appreciated from these explanations that prior to |
clags discussion orbital pverlap (option A) also dominzied the student teachers’ understanding
ofbondmngO Agamammﬂardbmauonwasmadebynmdley Gerrans and Matthee
(1985) Alsoemergmgisthepercrphonthatelecﬂ'osmﬁofomeshavennmlemw glent -
bonding, as in the case of CO. Thempm*"mofdeWDsmucfmcesmbMngasalsonot
dxsplayedformmcbon&ngmsodmmchlondemthepretest. :

Student’ldmﬂy}wcew&dbonmngasmwlwngmnsasm&esodmmciﬂondecrystalﬁobe
o d:ffermt;mmmvalenthonding thus showing an understanding that there are different types
ofbondmg_as propagated by the syllabus and textbooks.

Post test analy.ns data again seem to show a shift in the conceptions of these student teachers |
(6 student icachers), and reasons given displayed some understanding. Option A was stilla
vzable option for two of the students (3 and 6). Some examPles of the views students showed

mthepogttestaregwenbelow

6: A: Dzbmlova!nppmgindiwmﬂmmmemelmchwmﬂmm
B: B*:  Electrostatic attraction is & force - none of the other options hate # cormsction Wil forces
10: C: A, B and D are ali a5 & yesult of C, : o

StudentRsuuumthesametacncheusedmtheprehesttodmiveareason forchoosmgthe
correct answer.
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Question 5: : _
For Question 5 student teachers were required to show their understanding of the causes of
chemical bond formation, Performance shifts for question 5 are given in figure 4.3 below.
Notice how all the students chose the correct option in the post test.
Performance in question & od

2

i

E_

7 T
MMMHM
)

Figire 4.3 Performance shitt in questlon 5
Again only one student (6) selected the correct option in the pretest, that chemical bonds
form whea electreas are simﬁltnnwus_ly between the two nuclei of the bonding atoms. The
student’s reason for the choice of the option did not, however, demonstrate his understanding
of the reasons for a bond forming.

6: C¥: Bach of the other ocours onlymspmﬁc cases,

Major distracters for-question 5 were A (sharing one or raore electron pairs) and D (kinetic
energy of the two atoms decreases). Below are explanations for the choices students made.

" 3: A:  chemical bonding occurs a5 a result of o rtron density shifts.
4: D:  this is the ...(wond not legible).... are we cun be sure of ie energy whole less than epergy of individual
perts. Other angwers depand on the typs of chemical bond.
8:D: Atoms will only hond if the energy state of the system after bonding is less ﬁimthatoﬂheseparauatoms
befors bonding,
9: A Lt is not the kinietic energy, but the overall energy that decrrases (thsreforenotD)Cdoesnotresultma
chemical bond; &n cotet of elecorung is not necessarily obtained by a chemical bond (not B). By sharing
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ehctronpmachmmalbondforms :
Students 4 and 8 display ﬂm*sameco:rrectreasomng aboutenergychangesmabondmg
systern, but they are not answering the question asked becanse the option they chose referred

| to the kinetic energy rather than the overall energy of the system.

 Analysis of responges for question S in the post test indicated a large shift towards the
correct response, shown in Table 4.3, Reasons by students 3 and 9 azs the effect of the
- electrostatic attraction of electrons of two bonding atoms to the two nuclei, i.e. bonding.

S:A:  Abors Iwvolves 2 electrons which afe shared between stoms.
8:C*% C = BASIC definition of chemical bond.
10: C*: ¢ A, Bapd D are all a8 2 resut of C.

From the response given by student § there are indications of some understandmg regavding |
the nature of a chemical bond, though she did not answer the question. Students 8 and 10
chose correct options but &ie reason were not convincing, |

~ Major variations from accepied chemical bonding concests exhibited in the pre- test were

related to the cavse and effect of the chemical bond (Etarris. 15)2). Students believed
chemical bondmg results from the formation of a stable octet (3), orbital overlap (3); electron

sharing (3), all of which are the result of the force of attraciion between the protons and

electrons of neighbouring atoms. Also dominating was the view that jons are formed before
bonding takes place. The conception that electrostatic atiractions are responsible for bonding
appeared unfamiliar to all the ten students.

The origin and nature of chemical bonds was not well understood by the HDE students prior
to class discussion. Even Ferrial who appeared to be knowledgeable by selecting the correct
option, this choice was not followed by an explanation which exhibited clear understanding

“of the concepts sought. Surprisingly, in some cases some of those who chose inappropriate

options displayed some understanding in the explanations they presented. Discussing aspects
relating to cause and effect of chemical bonding during the methodology lectures appears to
have helped the preservice teachers in this class to change their inappropriate conceptions
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towards more acceptable ones. Below is a description of sections from two lessons in which
chemical bonding was discussed with respect to the nanre and origin of chemical bonds,
Both class discussions addressed this aspect of chemical bouding in various ways. Ways in
which this was tackied during class discussion are illustrated below: directly as
origin and nature of chemical bonds and

~ covalent, ionic and metallic bonds, and mdlrectly as
. cause and effect of bonding; and
. network and simple molecules.

The origin and nature of chemica! bonds.

The origin and nature of chemical bonds was introduced by tapping students® knowledge of
forces, including thuse discussed in physics, This was followed by a demonstration of
¢lectrostatic forces to show that chemical bonds are electrostatic in nature and originate as
forces of attraction between positive and negative charges. The discussion was also linked to
teaching this aspect at school level, The excerpt below shows the approach student teachers

_ _omxldusemclass

They [chool pupils] will have done something on the structure of the atom so thatﬁwy]mow that thers are
protons ia the nucleus which are positively charged surrounded by an electron clond that’s sufficieat. Either
“you can think of your electrons as particles or as a negatively charged cloud. I think that you need to
perhiape tell them to think of these electrons in both ways. So you notice we have not introduced the
molecnlar oibital model, and we have not introduced the quantur mechenics model and I think it is
inappropriate to do that at school level. [CD1:270]

For school purposes she also suggested an analogy of a it candle where the actual flame
represented the nucleus of the atom and the light emanating from that flame to represent the
sphere of electrons or charge cloud. Interpretation of the light from the two candles brought
close together is analogous to the overlap of electron cloud when two atoms come together in

“ bonding, With this analogy in mind and using the valence boid model of chemical bonding

she went to discuss bond formation in the hydrogen molecule jon (5,*) (see figure 4.4

- below) From the discussion she derived the definition of a bond given in excerpt

[CDl 2714} below, it should be noted that this deﬁmtwn happemz to be directly address.mg

question § in the diagnostic test,
A bond iy a pair of electrons, A strong fomeiscmﬁwhenapairofﬂectronsareaimu!tanmslyneerrm
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nuclei,[CD1:271a

Nmamywasthecandlemalogyusefmmshowingmemqeptofchargedmdoveﬂap

during bonding but it also made it possible for the smdent teachers to appreciate the wave
nature of electrons, Mary did not seem to appreciate this as demonstrated in excerpt =
[C12:280] in the subsection on covalent, jonic and metallic bonds below.

Questions students raised following the given definition attempted to bring about visualisation

| ofthepoahonoftheseelecﬁonsdunngbondmgandpamngandhowmdwlwnhthe

ﬂuxauonatschenl
Hy :
R: [ ]Apmofelan&ons,mtheyalwaysthemed:maume 1 At&nclw
Mé6: Yaumﬁmhugoﬂheparnclemndel,ﬁram Aren’t you? Q\
hH Ya. \,
M6:  Remember that is explicitly wiiat I seid, think of the light anslogy @ e
beosuse, the particle medel of an electron is ..... So honestly T don . aepulsve
kaow wiere this electron is. I just know that there is high sleotron | < A l jorce B
density i this region {between two bonded muclei ia & diagram _ .
drawn on the board, as in Fig, 4.4} ' : :
[...] At school I've been trying 6 incorporats all thede other things of ©
hybnm:aﬁmandeverythmgwdomthﬂ:epamclemdelandiﬂnd @ . @
it very difficait. [CD1:271b] A i B
ARED @ @8
 Figure 4.4: Bond formation in
n*
Covalent, ionic and metallic bonds;

 Another problematic area discussed was the idea that covalent and ionic bonds are different.
| Metzllic bonds were included in the discussion. To fllustrate the sirnilarities between

covalent, jonic and metallic honding water, sodium chloride and metallic iron in all three
phases were used as examples. The discussion focused on coping with these fhires types of
chemical bonds generally perceived in the school situation. M6 first criticised the way these
are treated in the syllabus and the general practice in school when discussing bonding. The
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following excerpt, {CD2:280} shows how she treated the
concepts and the problems some of the student teachers voiced
as the discussion progressed. The excerpt also provides

information for directly answering question 1.
M6:  Auything we have psid so fiur does not distinguish between bonds, we

Me6:

just talk about houds, Right, ..... And in fict as far as you know that
is true for every bond. So why do we start at school with

- digtinguishing rather than start with what is similar? Then .... to start

with the specific differences before we even start with onr basic
parts. {....) So let’s start with what is traditionally called the covalent
vond, If we had hydrogen and an oxygen giom say for instance
would be forming the water molecule. ‘The force of attraction
between them would cause overlap of orbitals ..... that thers is what
in called covalent bond. What hisppens in sodium chloride? Let us just
tuke for a start what would happen ia the gaseous phase if you could
have - ~‘mation of isolated sodium atoms and isolated chlosine atoms.

-Whg ould form in the gaseous phase? (aseous sodiem chloride.
“ {panss} Would wa havs a crystal? .

No, a molecule, .

You would have a molecule. Sohuwmanyatomsmthemnlecnlem .

the gassous molecule?

So yon would have a gimilar situation to thet one. {water as in Fig
4.5} You wonld have a covalently bonded sodium in that moleculs,
What would you have in the liquid phase? ..., your distomic
molecule ,... clustered 1o ...,

You wonld have more molecules,

You havs more of thess molecules joining up. So you have these
clustered, not a specific mumber because .... And in the solid?

But how can there be onds between every alom? Will aji the atoimns
form bonds?

(mc)Buthdw.cantherebebmdsbetwenervery atom? Will sl the
atoms forr bonds?

Because like in that ,.., in the network structure...

Oh! You are talking about the golid? (Maxy.Yn)miheaalt?

I don’t undezstand how it will work.

‘What do you mean svery atom?

Will a1l the atoms form bonds”

You can't have that,

Ok. Will you laok at this picture. Alright. As your sodium and
chlorine come together, first you will just have two of them, and then
as they mave from the gaseous to the liquid phase more of them will

bond & form 3 cluster and as you move into the solid phase they move into a structure whick has a lattice,

L

H H -0
o 0 O

‘Water molecule
Na Cl

G o

Figure 4.5 Covalent, jonic nnd

metsllic bonding

In other words spacings is the same batween every other stom between every nnoleus jn that structure, So
then the position of every atom is then fixed and only vibrations are allowed. I don’t understand what your

problem is.

My problem is that [....] if you say that both sodium and chloride (sic) have valency of one and they bond
with each other {...] then bow on earth can they bond with others? (Oh) But that’s what the general idea is,
Then how on earth can they bond with ail thése other atoms? [...] There's nothing left to bond with.
There's nothing left to bond with, What we've got here is an electron charge around every mucleus, say
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following excerpt, [CD2:280] shows how she treated the
concepts and the problems some of the student teachers voiced
as the discussion progressed. The excerpt also provides
information for directly answering question 1.

M6:  Aunything we heve said so far does not distinguish between bonds, wy . Water molecule
just talk about bonds. Right. ..... And in fact as far as you kmow that | o . _
is trus for ever, bond. So why do we start at school with 1 al
distinguishing rather then start witt what is similar? Then .... to start d _
with the specific differcrices bafors we even start with onr basic O O
pasts. (...} So let's start with what is traditionslly called the covalant :
bond, If we had hydrogen and an oxygen atom say for justance
would be forming the water molecule. The foree of attraction @
betwesn thern would cause overlap of orbitals ..... that there is whet .

i called covalent bond. Whst happens iu. sodinm chloride? Letus just | ,  NACL molecule
* take for o start what would happen in the gaseous phase if you conld
have a situation of isolated sodium atome and isolated chlorine atoms.
‘What would form in the gasecus phase? Gaseous sodium chlorids.
{pause} Would we have a crysal?

X: No, a molecule,

Ms: You would have a molecule. Sohowmanyatomsmmemulecubm
the gasegus molecule?

8: Two. . .

Mé: S0 you wonld have a similar sitnation to that ons {waier as in Fig
4.5} You would have a covalenly bonded eodium in that molecule. .
What would you have in the }iquid phase? ..., your diatomic _ . .
raolecule ... chstered to ... Na(’l solid

K Yot would have mors molecnles.

Me: You have more of these imolecules joining up. So you have these
clustered, not & specific mumbar because .... And in the solid?

Mary: But how can there be honds between every atorm? Will all the attme

form bonds? |
M6: (sic) But how can fhere be bonds between every aom? Wil stiwe | () O )
atoms form bonds? '
Mary: Because like in ¢hat ... in the network structure...

0
o O O

M6: Oh! You are talking shout the golid? Mary.Ya)mthesaIt? : _
Mary: Idon'tunderstand how it will work. Fe

C: ‘What do you reean every atom? : e(s)

K Wilt all the atoms form bonds?

Mary: Yon can’t have that, B 4.5 Covalent, jouic snd

Mb: Ok. Will you look at thie picture. Alright. As your sodium and
chlorine come together, firet you will just have two of them, and then 'Mcfallic bonding
ao they move from the gaseous to the liquid phase mote of them will
bondtoﬁn‘mnelusters:ndasyuumo\'emﬁomesohdphaseﬂleymwemtoastmcmwhlchhasame
In otlier words spacings is the same between every otlier stom between every nucleus in that structure. So
then the position of every atom is then fixed and only vibrations are sllowed. I don’t undevstand what your
problem js.

Mary: My problem is that [... ]ifynusaythatbolhsodmmandchlonde(m)havevalsncyofoneandtheybond
‘with each other [...] then how on earth can they bond with others? (DOh) But that’s what the general idea is.
Then how on earth can they bond with all these other atoms? [...] There's nothing Jeft to bond with,

Meé: There's nothing left to bond with. What we've got here is an electron cherge sround évery muclens, say
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sodium - thers"s « charge cloud around that snd some charge cloud around that {chlorive atom} So there is
& force of attrastion: between fhose ..., Say you have a foree of atraction ..., (Ya) and if I have one here

mdmﬁuﬁuﬂmmhmmmm Soﬁsre‘smroamnwhythouatnmsthereﬁouldnot

spproack simoltanecnsly, There will also be & fores of attraction all the way round. :

Mary: Thet can’t bs 2 bond. ... A bond results in the sbaring of electrons. [CD2:2801

Mary’s problem was reconciling the particle view and the wave view of the electron to
understand the nature of the bonds in network structures as discussed using sodium chloride
as an example. She was advised to view bonding in both ways, as involving the electrons as
pamclesmdasachargedoudmcomprehendhowsodmmmdcweouldbebmdedm
morethmoneatommnnﬂtaneuuslymthelamce.

'Shememmnngastmng conception of the electmnasaparhcleandthatofabondasapam
of electrons, Sxmﬂarprobiamswerecbse;ved during her teaching practice, described in
Chapter /. Fortunately during teaching practice Mary did not have to discuss the sodium
chloride lattice.

Cause and effect of bonding:
_'I'hxswasanotherwpectofchemmalbondmg&aatsmdentsdldnotseemtohaveagood
understanding. Relaied to this was also the understanding of the meaning of the chemical
bond and the order of events during bond formation. M6 addressed misconceptions identified
and refiected in their responses in the assignment, tothequestton whaxlsabond or "what
causes a bond?" by stating that

Many people in response to ‘what canses a bond” said because they share glectrons, as if sharing was the
yeason for the bond to form. Now a5 T've said, the overlap of orbitals is & result of the bending becsuse it is
the force of attraction thet yulis thern together and that forces overlap of orbitals and as a result electron
sbaring, [CD2:273a} _

Students wanted to kmow which of the three comes first. Her response to this queshon

addressed, to some extent, questions 1 and 4. Harexplanah.onwas

I- .]theforceofam-anuonbetweenﬂmmmchthenmaesthsbondorﬂzebondwhichmeansthereisn
strong force of attraction, [...] In some ways there is a ciroular situation, but [...] you need to think
carefully what is the origin of thess. [CD2:273a]

~ This aspect, origin of a bond, was fuxther explored in terms of these forces to pstablish a
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.reasonableorderofevenm AnexampletoshowthemtemcnonbetweenMﬁandthestudents

is excerpt [CD2.273t:] glven below.

E ‘What will. ... _

M6:  Right what brings them together?

8: _ . ' '

Me6: It it the potential energy that brings them together? :
Rob:  The slectrostatic forces brings them together, between the mmecisus and the electroms,

'M6:  So in other wonds the slectron configuration, the whole confignration, noton]y&eelectranmﬁgurshonnf

your separate atoms. It is the origin of the slectroutatic forces, Ia it sufficient just to have atoms ...
Brian: Aimthahckofhnehemgjrbmumtempmhmsthwmmm& meynudw‘ne
closz snomgh together and the only time they'll be close enough is when they ...

Mo Are you unngﬁneywﬂlbmdifmmmhnwwmﬂe wensse (BriENS 4100l)
Kim: Wemuyﬂleywﬂlbondifﬁeemrgyuthamas
| S

Meé: Okmmbahnwe&wmmﬁeﬁuﬁamummmuamm foreemdtharem]m
: cmmmapmhmwhenmnudmmemdmmchaemm&whm&eymmapm
there is aotually 2 net sttractive force, Bntwa’vegotmhnvemnnghhnemwforﬂlmmmmsw
approach and come closs to each other. [CD2:273¢}

Itwasobservedﬂlatdesmteﬂlelecwmrsattemptstoshowthempoﬂantmleofelecn'ostanc

atiraction for bond formation and that orbital overlap and electron sharing are only effects of
bonding and not the caunse, later on in the class discusmon this aspect was revisited as student
teachers continued to show msunderstandmg of what a chemical bond is. The excerpt below
follows a domparaﬁve discussion on the ball and stick model and the overlapping circles
dlagramusedmrepresmung single molecules and siudents’ reasoning on the matter.

Charles: Can Ijust ask something. Tf *here js a bond between atoms, would thers always be this overlap? I -
mean ... two circles like that sy would thero always be that type of overlap?

Yim:  Overlsp accurs before the bond forms, :

M§6: - Overlap ocenrs before the bond forms (in tone indicating disagreement with the statement)

Hm: ... '

M6:-  What o you think? What is a bond?

S: An oveslap of orbitais, '

Mé: No. Abundmnotanuverlapoforbmhl%a:mabond‘?

Ss: Sharing of electrons.

Ms:; Non'snotashmngofehctmm {studenlxla:nghatﬂ:mmors}

Brian: It’s & force.

S: It’s 1 force,

M6:  It'sa fores of stivaction. ThankymLAbond:safomofmmwhmhrmﬂhm{pm}

Briavt Sharing of electrons.

M6: A sharing of electrons and overlap of orbitals. 'That's what T said about cause and effect, Sa it’s becsnse of

that force that orbitais overlap. [CD2:277]

Notice from this excerpt how dominant the orbital overlap and electron sharing as causes of
bending are in students conceptions, This excerpt also shows information which students
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conld t_lse to answer question 4 on bonding;.iﬂ carbon monoxide.

Network and mnple molecules:

-Smdentsa]sahadﬂ:eoppmmmtymmmpmeﬂmplemo]emﬂuandnetwmksumes ina
group activity, Theachutymvolvedthebreahngora@mpﬁngmbmkavmetyof
materials such as wax, copper, quartz, sulphur, iodine and calcite, Tt was followed by a

ciassification of thess materials in terms of possessing strong or weak forces, being

composed of simple molecules or setwork molecules. During tie discussion of the activity,
‘some assistance was given for using the same exercise with std 9 pupils. As will be noticed
in the excerpt below, theaa’mstancemcludeddeﬁmﬁonswhmhthestudentﬁeachersdxdnot

seem to know.,

Nowr whatmneadbdothemktosaywhatdommeanby
simple molscules, what do we mean by network molesules. So
at this point in teaching std 95 I would then go on to explain

what T mean by that. Now a simple : 3 in fact in this hand out
thore is & defivition of what is a simple molecule and what is a
 -network structure. [....] I think the best way to explain this in

sid § iy to actuslly draw the diagram, but Tl give you the

definition first. Xt consists of unlimited very Jarge numbers of

atoms joined in 3 dimensions by strong forces which we all
chemical bonds. [.... She draws on the board as in £3. 4.6 az

she 1alks to illustrats the moleculer structures under discussion]

A simnple inolecule consiste of either an explicit oumber of
atoms joined by chemical bonds or an unlimited chain in one
dimension of bonded stoms. What does o simple molecuté look
like? It might be diatomic, it might be like sulphur whick we
know to have 8 atoms joined in a ring structore. It might be 2
chain such as yon get with polythene. [CD1:266]

Emerging from this excerpt is that chemical'bouds are strong forces of attraction in both
simple molecules and molecules of retwork structures. Differences between the two v~
discussed in terms of atomic and structural compositiow., breaking of chemical bonds versus

~Tetwork
‘!‘0';.
ﬂ'full’uq

(4 tn

 Simple molecular
diatomic _ Sulphur

polythens

B i e e,

Figure 4.6 Network and simple molecules

separation of molecules. This part of the discussion addressed questions 1, 4 and in some
way question 2 on the microscopic structure and properties of brittle solids.
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4.1.6 Distinction between intermolecular and intramolecular forces

~ From the analysis of the pretest responses smdentsappeamdtohaveagoodcomprehenmon

of the following aspects of chemical bonding:
the relationship between bonding in 2 substance and-its colour
- the-disuncnmhetweenmtmmoiecuia.r and intramolecular forces with respect to the
. strength and distance between neighbouring non-bonded and bonded auclei
. the composition of a molecule. '

- This is shown by the numbers of students who chose the correct answers to ques&ons daa}mg

with these aspects, questwns (3,7, 8). Students who displayed errors in their conceptions in
these areas seermed to have misread the question. This conclusion was drawn from the |
observation that even though their selected option was wrong, their explanation displayed
appropriate understandmg of the concepts referred o m the question. The following
discussion provides support for this conclusion.

Question 3:

Parformanca kn question 3

Figure 4.7 Performance shift in question 3

Question 3 aimed at ascertmmng student teachers’ views on the influence of inte::moleéuiar
forces on the colour of molecular solids. Notice from figure 4.7 above which represents the
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performance in guestion 3, thatthexeateﬁoshiﬂsﬁomwrongtoﬂghtanswmwhiletwo

Many students as shown in Table 4,2 correctly identified that colour was not determined by
intermolecular forces but rather intramolecular forces. The choice by those students who
selected options B (weak forces between the molecules of molecular solids account for fact
that such solids can dissolve without a chemical reaction) and D (such a solid melts at a
comparatively low temperature) could be attributed to misreading the question hecause their
explanations did not match the chosen option. For example:

5:B:  Evenmolecules with strang inteymoleoular forces can be dissolved without chemigal reaction

8: B and C*: Colour i 2 property of a substance - thmmweakﬁ:msbetwmoxygmmolemluanﬁoxym

gas is peither grey nor black,
9:D:  If the forces between molecules ars wesk, little energy is required to melt the solid.

There were no shifts from wrong to right answers as reflected in Tabje 4.3. However, in the

post test one student, 5, who selected a wrong answer did show an understanding of the
effect of intermolecular forces on properties of molecular solids, as shown in the example
- below:

' 5:B: A chemieal r5iction will occuruhennls dlmulvedbecanseﬂlemnleculels likely to *hreak” np or bonds
will be brokes. :

Question 72 _

‘Question 7 explored student teachers’® understanding of the relationship between melting and
the strength of forces between atoms in a pure substance. Most of the students displayed o
difficulty at all apart from one student whose explanation demonstrated 2 clear understanding
within the context of the question, hence no performance graph is given.

Question 8:

Question 8 explored the relationship between intermolecular forces and intramolecular forces
on the distance between nedghbouring nuclei in an jodine crystal. In the prefest two students
chose option C (iodine forms diatomic molecules).

3.C:  because the | molecule has "covalent” bonds ﬂleatomsmthemoleculewmldheclosert‘g ther than in
iheocrystal

It will be appreciated in this example that though the chosen option is incorrect the
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explanation shows partial understanding. 'The idea portrayed here is that the length between
atoms in an iodine molecule (supposedly I, molecule in the gas phase) would be shorter than
in the erystal. This seems o portray a conception that in the crystal the atoms, whether
“bonded or not are more apart than in the diatomic gaseous molecule.

In the post test all stndents chose the correct option, wxﬂlonedoubtﬁﬂreason "Iodine is a
big molecule”.

Class discussion

During class discussion intermolecular forces
as an aspect of chemical bonding was 3 _',*’ 5 ~, -
discussedinrdaﬁontdﬁt&nching.packageon ; -‘?\r’

chemica! bonding prepared by the same L ~ i 5 ’,i—/ .

-

lecturer offering the topic. She asserted that ’ B N

intermolecular forces are part of the syllabus  Figure 4.8 Todine molecules in a erystal

and therefore should not be viswed separately from chemical bonding, A short exercise taken
frorn the package was used to illustrate the effect of intra-intermolecular forces on the
distance between bonded and nor-bonded nuclei in the iodine crystal (see figure 4.8), The
exercise led to the conclusion tha short distances betwzen jodine nuclei represented strong
forces of attraction, that is chemical bonds. Longer lengths represented weak forces of
atiraction or intermolecular forces between molecules of diatomic jodine in the crystal. 'I'he

- relationship between potential enexgy, distance between adjacent aioms and bonding was
discussed leading to a link between these three, thus: bonding occurs at minimum potential
energy and the force of atiraction is the strongest. This discussion addressed question 8 of
the diagnostic test and all students in the post test ~*ase the correct option but shifts involved
only two students.

Hydrogen bonding and intermolecular forces was another area where student teachers were
uncertain and therefore anticipated difficulty teaching. In the excerpt below Winnie raised
this issue and her concerns in teaching this concept.

‘Witmie: When you're teachiog hydrogen bonding...
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Ms: I‘maiwaystanghtmmvm’te&cnmas

‘Winnis: needs to be redefined. I:ud:fﬁcﬂtbwmembwhreferwnuhydmgenbond
Ma: Bntthateﬂboohuah;tclearﬂmntummlemhrm

‘Winnie: But it palle it a bond and that canses confusion

M6 hmmdyunmdwfomymmﬂsmfhatuuwmuymum [CDI 269]. _
Itappmrsthat_Wmmewasnotcnmfortablemththeuseof "bond" for an intermolecular
force. - |

4.1.7 Atornic and molecular dimensions.

Qnestwn 6 _ -

. Tm“quesm;ttestedsmdmtmhers anderstandmgofatomicandmoiemﬂardmenﬂons It
we «ed on a disgtammatic representation of a homonuclear diatomic molecule showing the
distarice between bonded nuclel, that is bond Jength, denoted by x (see Appendix 2A:6) and
they had to name distance x. Figure 4.9 below iilusirates how students pert.rmed in the
question. Figure '4.9 above shows the shift in students verformance from pretest to post for
question 4, g _ e _

~ Periormance in question §

Figure 4.9 Performance shifty in question 6
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In the pretest four students were diverted to other options: 1 by option A; 2 by B and 1 by

C. Only one of these gave an explanation.
IOIB AmmmgwnMMBmﬁMmeﬁmmwm .
In the post test only one student, 6, erroneously thought that x represented the atomie »-Hus.

During class discussion treatment of this aspect differentiated atomic radius, covalent radius,
van der Waals radius and bond length. Stadents did not appear to have problems during the
discussion, though the analysis ofquest;.onﬁmthepretest shows a few errors which
aypeared to have been re.dfied as shown in fig 4.9.

Structural Representations:
This was another area of discussion in the second session that was related to atomic and
molecular dimensions. The aim here was to focus student tzachers’ attention on some of the
general assumptions made by teachers about their pupils’ understanding and authors sbout
their readership regarding diagrams used to represent substances and their microscopic
structures. Students were given an activity involving a 2 dimensional picture of a single
moiecule and 2 3 dimensional model of a molecule. Examples are shown in the figure 4,10,
Emerging fron: students’ presentations of what they could deduce from the diagrams and
molecular models was the importance of clacity and labelling of representations to avoid

misinterpretations. Emphasis was also placed on the size, bond angles, bond lengths in giving

good representations. For example:

M6:  Let us look at this one at this stage. Look at this picture at the bottom. What does that pictore {A. in, fig
4, le}Wha:doesthspwhuetellusthatﬂﬂs{Bmﬁg410}onodoesnnt?

8: Bond length,

Mé6:  Bond lepgth, Can I get an estimate. [...} So if you wore looking at
that picture, how would you work ont bond length?

: Measure from the centre of one to the cenirs of the other.

M6: . Ok From the centre of one circle {B} to the centre of the other. And | A _ B
" inthis one {A} ' @
Ss: Mesasurs the length of the sticks. _ '

M6:  The length of the stick, ...... Sowhatswrongmﬂlﬂusplcmre {Ay?
S The stick is misleading the bond length, _
M6:  Misleading. Ok becuuss some people would say well the stick is the  Figure 4.10 Molecule
: bond. [CD2:277] _ reptesentation
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Other limiting factors of the representation were highlighted such as spacings, pictures not
depicting reality, i.e. rep:esenhngnmexxsungfmtnres c:rcleureprmbngnuclm;sandcure
electmnswhchdoesnotapplytotheﬁ*m Smdentswmalmmadeawarethatwhatwas

important was that

Ym%mmmmnmmmmﬂmﬂymmt ..]It'sjnnthatyuu
have an sgreement on that symbolism, Aslonguw«ybodyamonmatsymboﬁm,mdweugotm
nqulmnth:nhefnrawauult. [CD2 2'73] ' . _

.1.8 Linkbetween Tnacroscopic properﬂm and min.roscopic strm:tm'e
_Questionz- o :
‘Question 2 looked attheprope:tles of brittle solids, This quesuanappeared qmte problematm
fnrmoststudmts ’Ihemqordxs&actemmthepmﬁestwere(land]) wbﬂeCwasthema]or .
djsn'acm in the post test. Again onlyone studeat, Fertial, chose the correct optionm the
preqest, butchangedtoawrongonbmﬁlepostuest Hermualresponsehadadoubtﬁd

ex;alanauon thus
A: process ofmm!

Figure 4.11 below illustrates further the shifts among the other students.

Perormance in question 2

Hucnibess of societs

o = 0 L

[T " rW N "

Chawiginirom pretaet i post st

Fignre 4.11 Performance shifts In question 2
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Selection of a correct response without proper explanation could be due to the influence of

the first session on chemical bonding, Further ideas displayed by the other student teachers

were:

the intermelecular bonds are strong, leading to distinct breaking of the bonds

property of bei ¢ brittle is & result of way a metal is structured {delcsalised elettrons in positive fons) which
resulis in electrical conduetivity.
bmﬂesohdsmdwhnmﬂ:whdsmhmuswhchmplymmmofs&ongmmmﬁrm
As they have wiek chiemicel bonds they will bresk easily if a foree is applied.
. Abrlulesoltﬂmmtnwuwilycomposedofnmplemolecules(nutﬁt),mdnntnmﬂynoondnomrof
elactricity (not B), "Preaking” up a solid doea not break chemical bopds {ie cheiical composition of
. maolecules) ie not
19. C: Ammtmcemaﬁlygmtme,ﬁdtharmB 'l'hesuhdwonldmubrmlnﬂjwmtrue

Cem  puw
vy ¥y

So prior to dlscussmg c_:hemical bonding, student teach'exs’ ideas regarding the macro!mlc;ro "
properties of brittle solids did not seem to be well in place. Only student 6, displayed some
ut erstanding of weak intermolecular forces being responsible for brittleness, though not
hnkmg this property to simple mojecular structure. On the other hand two students (4 and
10) did not link brittleness to simple molecular structure while dtsplaymg an undetstandmg
thatchenucalhondsarenoteasﬂybrokenbymechamcalmmsandthats&ong '
intermolecular forees are in no way responsible for britfleness. Another two students
associated brittleness with network structures while 2 further two were not clear about the
relationship between chemical bonding and intermolecular firces. This point may seem to be
in conflict with what is reported above. Aiterupts to asceriain conmstency were unsuccessful
because of the differences in the contexts of the questions.

Only two (4 and 8) from the original ten students changed their choice to the key in the post
test. Student 4 displayed a more acceptshle conception while student 8 simply refutcd one of
the options as shown below.

4, A% chamical bonds- composed of simple molecules since can be broken up quite easily (witliout bresking
bonds)
8. A*: NotB as metals (electrical conductors) are malleable,

The major distracter in the post test was option C. Stadents 1, 2, 6, 5, 7, 9 and 10 correctly
understood the meaning of britfleness as synonymous to breaking up easily but attributed this
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property to weak chemical bonds. ‘Their responses however displayed an understanding that

| chem;wlbondsamweakandthemforemytobreak.f?ormmple.

1.C: _easilybmhndown
2.C w&kchamicalbondlmbeam!yhmken
5.C; Thewukchmmlbondswouldmmthuitmhukapmusﬂy

_-9’. Cs . mt:mdnmbqeuﬂybmhmEthembmmembebmkmupemﬂy.

Threeofthesmdents(S 7 9)showedthesamesh1ﬁfmmthm]nngthatbmﬂesohdsare
hkelytohavesunngimezmo]ecularfo:ces (D)whavingweakchemwalbonds (). While

stodents 2 and IdednutchangethmremmouswewsabautmscopwsnucMeofbnﬁle_
solids. Theasyecttestequuesum2wasdlscussedmdassasd&ecﬁbadmthesecuonon .

network and su:nple molecules aboVe

4.1.9 Structural change dnrmg phase change _ .
Question 9 evaluated student teachers’ comprehension of the effect of malhng on the

| structureofanetworksohd Flgtwe412be10wshomthesh1ﬁmstudmts’pmformancem _
question 9. '

Performance in question 8

W W Wl
Changye o pristas i posHost

Figwe 4.12 Perfor 2n.« shlfé in qnesﬁon.'B:
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It will be seen from Table 4.2 above fhat only 3 students (3, 4, 10) chose the correct option -
in the pretest and their explanations showed proper understanding. Major distracters for the
others were B and C. A variety of views emerged from their explanations as shown below:
5:C:  Onmelting, theformhetﬂnuﬁemmﬂmm&mﬁdmmhmdmﬂmmgyofm:mw

increased tierefore the jons move from the Hxad powitions,
7:B: Metls soch as Au hgve metallic bonding and don’t exist in lattices.

B: B: Mdm;uaphyﬁcdmdnm:chmwlprmmmoﬂyaphmehmgewmwmﬂywmmw.

-and NOT intramdlacular boigis xee broken,

. B Chmmmbmbmhnhmwbmkmmm&umayndmamﬂm Only - |

_ if the network: is an jonic network, then the ions move from their fixed position.
10: A: B is fulso, cun\rmot‘A.D dmsoeinﬁonhwolmli,() C: m,moleculesmnotonly'mns'

Whatmaybéwnrﬂ:lnoﬁnghm_is that whille the choice of option by students 5 and 9 does
not appear to answer the question, their explanations display a high degree of correctness.
But student 9 appear to be less knowledgeable about the relationship between chemical
rmuonsandchﬁmcalbundmg SmdmtSappmedwwemeQasaphymcﬂpmms

- and not being awarethatmnetworksohdsalltheforcesoffﬁmtmn are intramolecular. She""":'

ﬂsohadthegenemlwnoepﬁonthatmehmgmvolves onlyintennoleclﬂarfom This
conception also suggests that the student is unfaxmhar w1th the nucmscopm stmcm:e of

o network solids. |

' Analyms ofmerespmses to the post test shows that four students changéd their views. Again
 students choosing the key d:splayed understanding in their explanauons, though limited, for

example: : _

2. B: in:ermnlecuh:“bumﬂs"mbrohencﬁmmgmelﬂng-*thsmaphynw&m(uoppouﬂmbﬁahng
intramolecular bonds which is & chemical process)

9, C: Positive and negative ions dizsoriste in water (not ), A and B can be argued - de;nmﬂmgnnyourmw
point. .

10. A*; B sce A. D debatsible,

Femaldﬂnotchangeherenoneouswewsataﬂ.%ﬂeothers (2,9)changedtoother

' erroneous conceptions.
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The approach M6 used to discuss microscopic changes accompanying phase change was
through examining the relationship between chemical reactions and chemical bonding.
Examples of scienice processes like dissclving and melting of network and simple molecules
were used during the discussion of this relationship. Forexample

Mb: “Whst wounld you say a chemical resction in?

Kim: « chemieal reaction bresks and make bonds. _

Mé6: Remembwitisachemieaibond.&oletsu]litabmd,ymbreakabgnd,rightlinidtha:nchmical
resction is a process in which you break or presumably make chamical bonds. [.....] If T take sodium
chloride salt and T dissolve it in water, is that a chamicsl resction?

"¥m:  Yonu break bonds in sodium chloride moleculs,
Mé: Yes you are saying that sodivm chloride bonds will be broken up . 5o you say you bresk bonds. Ok you're

right. [...] If you dissulve & network solid a chemical resction takes place. Ifyoudmolveamlemﬂar
substance no chemical reaction takes place. [CD1:2684]

M6 acknowledged that the breaking of chemicai bonds during dissolution or meltlng of

natwork solids is a controversial area. The reason should beknownamong science teachers
ando&&rmmoeeducatomthatthese%pmcesmhavebeenfora]ong time regarded as
physical processes which did not bring about chemical reactions. The lecturer’s statements -

did not go unchallenged as shown below. Again during the discussion of chemical bonding
and meliing students were given guidelines, based on the melting point and bond energies,

for determining whether simple molecular solids or network solids were being melted.

M6:  [..] what dbout when you melt it {mclecular solid} §...] What will happen when you mslt sulpher? Is it &
chemical reaction? Do I break a bond?

Kim: breaking bonds between the molecules.

Mé6:  In suiphr, no we don*: bave bonds between moleeiles. Abundmas&ongforcethatholdatomstogeﬁ:erto

- make g molecoie. So you know you are not breaking chemical bonds when you melt your suiphur and when
you heat the jodine you are not breaking chemical bonds nor when you melt the wax. ...} You were able to
melt that gubstance because you did not need a whole Iot of energy because you did not need to break
chemical bonds. [...] When you melt gold do you break chemical bonds? Well you need jots of energy, so
you da. You bresk up & network structure. [..] Right as a rule of thumb, over 800*°C, high melting point,
generally indicates & network swructure, ... up to 800°C for melting point, ... 4 little bit of overlap theye but
generally represents some form of molecular structures. {CD 1:268b]

Emerging from this excerpt is the strong emphasis on breaking of chemical bonds on melting
networks solids but no chemical bonds are broken on melting simple molecular solids. Some
students challenged the lecturer’s statements which did not make much sense to them and to

further clarify other aspects of bonding. The excerpt below will show some of the interesting

questions raised during the discussion.
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Charles: Sorry. Iftheremmbanﬂbetvqeenmoleculesﬂnnwhathoh themoleculestogether‘?

" M6:  Remember we defined the hond as a strong fores

Robh:  So a hydrogen bond i not a bond?
Mé: No. So now & strong forae ie greater than 100kT/mol. Ok. And we find ... intermoleculier foross are the
hydrogen boads. Tt's not a bond but it’s an intermolecular force, it’s approximately 40kT/mol. ... <
. 40K3jmo] is intermolecular force, 100kT/mol < is a bond. [CD1:268¢]

More students appeared noﬁ to understand why the melting metals is regarded a chemical
reaction. The difficulty they experienced led them to question what seemed to be individually

constructed definitions, as it appeared to be the case in this class discussion. The lecturer bad

to show support for her statements by quoting international bodies that agreed on what she
had just presented to the class, She also .conﬁrmed their concern about the importance of
consensus on definitions among communities of scientists. The following excerpt [C1)1:269]
g~ s the actual events in the cless discussion. | '

Xi..  Are saying that melting gold is a chemical reaction?
M6:  Yes. [stodents laugh, nncertain sbout the ideas] Bymydeﬁnihon.nutnot{cel'mbemg guite frank with
you, not everybody would agree with me. Thers are more imminent scientists than myself who would

. agree.

Yvy: 'This is your definition, where did you get it from? If you can change a definition, we can also call % boad
anything.

M6:  No ‘he definition on the bonds is well accepted. [...] [CD1:269]

4110  Molecules |

Question 10 assessed students’ definition of a molecule. Only two students answered the
question wrongly in the pretest. Thig concept appears to have been in place for the majority
of the students. '

In her discussion of simple molecules and network molecules M6 also explored student
teachers’ definitions and conceptions of molecules, thus: '

Mé: Ok. Now in my definition here what would you say I have cailed a molecule? .... (Ss: ....) What ic a
molecule? Is this a molecule {pointing at network structure on boand, fig 4.6 above)

] +=. part of a network

M6 Ok let's have a look at (S: ...) Yes it’s a network molecule. [...] Right we are going to get a definition of &
form of molecule. 'We are going to call that a molecule and we are going to call that a molecule {Fig 4.6},

s «» sayihing with more than one atom,

M§6:  Anything with more then one stom. If there is something distinotive that would say that this is a molecule
rather than the whole thing {circling the 8 atoms sulphur in fig 4.6}

S: Bond.

Rob:  Atoms must be bonded together.

M6 Ok Sou’sagmnpofclustershtnayofmm!hanunem
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Rob; Jmnedbyaahemmalbond ' ; ' _
Ms:  joined by = chemical bond. Rmembutwejustullmmfomeachemmlhond Oksoamnlecule .

then is & cluster of stoms joined by strong forces - chemical bonds. [CDIZGS:L]_ _
Thus & molecule was redefined to accommodate simple and network miolecules in solid
phase. A general conclusion drawn was that all molecules are characterised by a chertical

_bondasafomeofattracuon.Noucealsothate.me:pt[CDlZGSd]pmmdesmfomaucnfor B
answenngqu&suon4mthed1agnoshc€est. - o -

Bommelecnmwemhmwmentandsmdmmwemgwmabmmmh&pmmth&m
mreﬁeshmglhmrmemonesregardmgchemmlbmdmg 'I‘heyalsohadtheopportumtyto
have their conceptions tested and verified. Many changed the conceptions they had prior o
the lectures, as skown by the results of the diagnostic icst. Also important was that they

| 'mﬁspwﬁcupsmhwmwmmmdedmmmmpmbhmmmthe

t0p1catthesemndarylevel

coults from the analysis of the post test suggest that a conceptual change toolk place in some

cases 1o more acceptable conceptions as was intended by the discussion. In particular

 intended changes inmneepﬁons'waeeﬁecwdinaspectsofchenﬁmbondingmhﬁngmthé
-natumandongmofachemcalbnnd amnucandmoleculardunenmons, microscopic and
_sh:ucturalchangesﬂlattakeplacewhenpbasechangwoccur Thesamplewasverysma]lto

draw any generahsable conclusions, but some suppomng evidence has been provided that

| preservice ﬁeachetsmﬂns samplﬁdﬂhaveconcephons aboutchem;calbondmg ihat varied -

ﬁcmmeaccepwdonemdmatsomeofmesechangedasamsultofmesebangspeqﬁmﬂy
addressed in thephymcal scienes methodology
A discussion of the subject matter knowledge of the parﬁcpants in the case stdies is given in

each of the chapters 5, 6 and 7.




4.2  Acids and Bases

42.1 Student Teachers’ responses

Acids and bases was the other area of student teachers’ sub_;ectmatterknowledge

' explored in this study. Again the number of students who retumed their questionnaires
was very small - only six. Analysis of these questionnaires revealed some interesting
information about the student teachers’® concepts of acids and bases. Discussion of the
results is given for each stadent teacher because the sample was too small for clustering
their ideas on the aspects tested. Focus is dir~.ted at those areas that seemed difficult.
Areas where no difficulties were identified are only highlighted for the six student
teachers. P

Table 4.4 below shows a summary of the perfmmanoe of the students in the multiple
chioice section of the test. _
- Table 4.4t Summary of student pexcformance in multiple choice questions

opons |1 |2 {3 la |s e t7 {8 |o | [n
A o Jeo o {1 o fo Jo s lo e |e
B o lo t1 fo s [1 |5 |1 lo o o
c o o lo o {3 e |1 Jo lo fo Jo
D e« o (o fo Jo [o o Jo Jo fo Jo
E o Jo [a [s+ 1o [ o Je [o o

It is clear from Table 4.4 that none of the students appeared to have any problems with
concepis such as amphoteric or amphiprotic as tested by questions 1 and 9; acid
dissociation tested by question 2 and pH tested in question 10 and 11 (see Appendix 2B
for the test). . | :
In section B of the test all students, except Ferrial displayed some understanding of how
indicators function, Three of these five student teachers, student 7, student 9 and -
Andrew, however, presented only one view of the indicator, as a weak acid. Despite
displaying knowledge of the mechanism of the indicator they had difficulty matching the
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indicator to the type of acid-base fitration as given in the test. They all identified the -
appropriate indicator for the strong acid strong base titration except for stodent 4, who
wag also the only one sble to identify correctly the indicator suitable for a strong acid
wealk base titration. Andrew was the only one t match correctly an indicator to the
titration involving a weak acid and strong base. During the lessons on acids and bases
discussion of indicators this information was not explicitly stated to students. Students
were only informed briefly about how indicators work.

The use of equilibrium arrows in chemical equations by the student teachers did not
demonstrate that they anderstood the direction of equilibrium for the reaction involving
ethancic acid and water. Al the students except student 4 vsed arrows of equal length.
This representation suggests a bnlance rather than ethbnum lying to the Jeft since
ethancic is & weak acid, For the reaction of ammonia and water (NH; + H,0), students
7,9, 11 and Andrew also used equal arrows, while Ferrial showed that equilibrivm lay
to the left and implying that ammonia is a weak base. Student 4 correctly used a single
‘axrow Tepresenting a complete reaction to the right as ammonia is a strong base.

The remaining questions in both sections A and B will be discussed separately for each
student who displayed limitations or ercors in his/her conceptions. The questions that
posed difficulties will be indicated for example as Al for question 1 in section A, B1
for question 1 in section B.

Student Teacher 4: AS, A12, Bl, B2, B3, B4. :
Student teacher nmumber 4 passed chemistry III, at Wits in 1992. S/he appeared to have
erroneous idea about electrical conductivity and aqueous solutions of acids (question
AS) and the order of acid strength (question A12). His/her limitation in knowledge of
acid strength was forther confirmed by giving nitric acid (HNO,) as an example of a
weak acid in question B4, This question reguired students to give an example of a weak
 acid and then show how it dissociates in agueous solution using a chemical equation.
The equation given suggested a complete dissociation thus: '
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HNO, + B0 ~+ HO*+NO;j

and therefore that mtﬂcwas a strong acid. From this observation it appears that student

4 was unable to represent the reaction of a weak acid and water or has some
: shorhcommgsregardmgchmmlethbna Otherresponsesthatmmwesome

hmnatlons of student 4’s hlowledgeofacldsandbasesarethosefumlshedform B2

and B3. For Bl sIhEWxxldnotrecognlse thatethmcamdwasanamdawordmgto

'-Anheniusasshownbytherwponse'

No. Wuuldn't (en‘:mmc acid) donate pmﬁons-ﬁﬂl of OH aﬂnc.hm-ls which are basic.

Themsmanmequauonforthechemwalmcumwhchocmmwhenethamcamd |
reactsmthwaier reqmredeZ was given as ' _

. H*

s N ¢ » |
_ ‘l__l.'_ AN o P
'CH~C-0H + H H = CHS-a_(l}-OH_

- Noﬂcehowtheproductmﬁusreachon remt‘orces theresponse g1venab¢veforBl
'_The response to BS(') is quite vague in that s/he does not state whether Cl‘ls stronges -

asanamdurabase. If it can be assumed that s/he meant stronger baseasthestatement |

suggests, the assumption would contradict the response in B3(ii) which i_mph:s that
NaCl is acidic in aqueous solutions. The lack of clarity in B3(i) and the response in
B3() indicate that student 4s knowledge of conjugate acids and conjugate bases s also
. Zimited as well as her/his knowledge of weak acids and the reactions of acetic acid and
water. The microscopic representation given by student 4, figure 4,13, does not reflect
a good uﬁdersta’nding of such representations. This representation does not show a-
liquid state, nor hydronium jons as the equations shows. The given key does not
 corresponding to the species represented in the diagram.
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-_ Figaro 4.13 Bﬁmnoplc representation of HCI {ag) _by student 4

Student Teacher 7: A3, A6, A12, Bl.
 Student teacher number 7 passed chemistry I at Wits in 1991. She appeared to have

some problems with A3, which assessed knowledge of the properties of acids, bases
and their salts. She gave no response o this question. Question A12 assessed |

| knowiedge of acid strength. She chose an option which suggested that she thought that

nitric acid was the weakest acid in the list and the ammonium ion was the strongest acid
(increasing order of strength: nitric acid, acetic acid, water, ammonia, ammonium 1on)
It will be noticed that this order is almost in ‘decreasing order of acid strength,

' for the last two.

Questions AG and B were based on the Arrhenius theory of acids. Student 1%

responses suggested that she did not know anything about this theory or its limitations.
While the response to A6 suggested that she thought the objection to the theory was that
there would very few acids available (cption E), she was unable to give  response on
whether ethanoic acid is an acid according to the same theory. |

Figure 4.14 is a microscopic representation produced by student 7. While this
representation is not too far off it does not show the molecular composition of the
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Fignrred.ls Microscopic xepresentation of HCI (ag) by student 4

Studeut Teacher 'T. A3, A6, A12, Bl.

Student teacher number 7 passed chemistry I at Wits in 1991, She appeared to have
"someproblems with A3, which assessed knowledge of the properties of acids, bases
‘and their salts. She gave no response to this question. Question A12 assessed

knowledge of acid strength. She chose an opticn whlch suggested that she thought that
mtrlcamdwasthewwkestamdmthehstandtheammomummnwasthestmngest acnd
(increasing order of strength: mitric acid, acetic acid, water, ammonia, ammonium ion).
Tt will be noticed that this order is almost in decreasing order of acid strength, exoept
for the last two.

Questions A6 and B were based on the Arrhenius theory of acids. Student 1's
responses suggested that she did not know anything about this theory or its limitations.
While the response to A6 suggested that she thought the objection o the theory was that
there would very few acids available (opﬁbnE), she was unable to give a response on
whether ethanoic acid is an acid according to the same theory. ' -

Figure 4.14 is a microscopic representation produced by student 7. Yhile this
representation is not too far off it does not show the molecular composition of the
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Figure 4.14 Microscopic represmtahon of HCI (ag) by stadent 7

Student Teacher 9:; A3, B1, B3.

Student teacher number 9 passed chemistry II (auxiliary) at Wits in 1993. She also had
difficv’ ~ with quesvions A3 and Bl, and also with question B3. The response she gave

for A3 (option B) contradicts the generally accepbed a:.:igl—baée reactions according to the

Bronsted-Lowry theory (i.e. acid base reactions involving transfer of proton from scid

- fo base). Her response to B1 does not provide sufficient evidence to show how

knowledgeable she may have been. She did not state nor give reasons whether ethanoic
acid would be an acid or not according to Arrhenius’ theory. Only the equatic: or the
dissociation of the acid in aqueous solutions was given. The response to question B3
shows that she could not differentiate between the acid-base strengths of the chloride
ion and the acetate ion. She could neither comment on the pH of the solutions of the
sodium salts of these two anions. - '

- The microscopic representation of the same solution given student 9 is given in figure

4.15 below. This representation demonstrates an understanding of the inicroscopic
7
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structure of 2 dilute aqueous solution of hydrochloric acid. Since no water molecules
are drawn or shownin the key they could be assumed.

Figure 4.15 Microscopic representation ot HCI (aq) by student 9

Student Teacher 11: AS, A6, B4, B6. (No data on chemical bonding diagnostics)
Student teacher 11 passed chemistry III, His erroncous concgptions were relatad to
thinking that good electrical conductivity is a property of aqueous solutions of all acids
indicated by his response to question A5, It was surprising though to note that while he
was unabls to identify correctly the objections to the theory that acids dissociate to give
hydrogen ions, he was able to use the same theory to explain acidity of aqueous
ethanoic acid (question A6). This observation could suggest that he thought that
hydrogen ions can exist freely in aquéous solution. In fact this conception is further
endorsed by the following responses for explaining acid strength versus concentration,

~ given for question B6: .
) strong oid gives off H* easily (complete dizsociation). Concénirated acid is largs number of H*
in solution.

~ b) No, one can have lotz of H* in solution but they may not come from purely dissociated jons.
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Strange, though is that his microscopic «’sgram (figure 4,16} does not show any free
hydrogen jons. The only serious limitations of this representation is the large spacing
for it to represent a Hiquid. | | |
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Figiire 4.16 Mieroscopic representation of HCI (ag) .
by student 11

4.3  Lesson observation

4.3.1 General features;

Only a brief description of the methodology lessons on aclds and bases is given t0 |
contextualise the discussion of the students’ ideas given above, Two lessons dealing
with concepts in acids and bases were given during the HDE physical science
methodalogy course, Both lessons were practically oriented, though some theory was
also discussed, The structure of these lessons did not centre around any prior
conceptions on acids and bases held by the students. Bowever, attempts have been
made in this discussion to highlight sections of the lessons that addressed difficulties
students experienced in the test, The first lesson was a ‘hands on *workshop where
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students used low-cost acid-base indicators prepared by M! from chopped beetroot and
red cabbage. They used these with known household substances like battery acid,
vinegar, water, bicarbonate of soda and caustic soda to set up "controls® (producing
something like a pH chart for these home made indicators). The same control was set
up for commercial indicators: universal, methyl red, methyl orange and
phenolphthalein, These two controls were then used to classify unknown substances
(sucrose, sodium carbonate, citric acid, table salt and aluminium carbonate) according
to whether they were strong acid, weak acid, weak base, sirong base. Students worked
in groups with each group using one home-made indicator and one commercial
indicator. Where a group deviated from the results of the ofher groups students in that
group were expected to explain their result, With this exercise the stadents were uble to
compare these home-made indicators with commercial indicators and see the different
colours produced with acids and bases of varying strengths. The second lesson focused
mainly of the reaction of acids and hases.

During the_'dis_cussion of students’ results from the practical activities, various aspects
of the test were addressed. M1 was involved in the evaluation of the test prior to its
administration. So it is possible that M1 may have deliberately treated these concepts.
Between the two lessons the following aspects raised in the test were discussed in the
l=ssons: ' _
the presence of hydrogen as a common feature of acids like hydrochloric acid,
sulphuric acid, nitric acid, vinegar. citric acid, tartaric acid
acid dissociation
. extraction of hydrogen by bases
microscopic tepresentation of aqueous solutions and molecules of ac1ds and
hases .
. how indicators work
rear:tlons of acids with metal carbonateal neutrahsatton and chemical questions
for these reactions . | -
interpretations of microscopic diagrams of the product of these reactions.
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CASE STUDY 1: ANDREW
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5.0 Yntroduction to the three Case Studies

Each of the following three chapters, Chapters 5, 6 and 7, describes data analysis and
findings for the case studies. | |

Data analysis for these case studies firstly involved a study of all the soarces of data,
i. e. interview transcripts, field notes of teaching practice observation and diagnostic
tests responses, for content,

Data relating to the background of the subjects was obtained from participants responses
to questions specifically designed for that purpose in the imitial interview [ see

Appendix 1A for jnterview schedule]. From this information a profile for each subject

was consfructed which provides the subjects’ educational background, reasons for

pursuing ' a teaching career, perceptions of the teaching profession and ideas of

- characteristics of good teachers. The profile also describes the subjects’ conceptions of

science [Appendix 1B], science teaching and leaming [Appendix 1B, C, D], their
experiences and the researcher’s perceptions of their teaching practice.

~ Anal ysis of interview rtranscn 1scripts to identify conceptions of science involved generating

and tabulating statements that had some reference to the nature and content of science,
The techniques used for tabulating statements generated from qualitative dats was
similar to those described in Hewson and Kerby (1993).

Although all sources of data {field notes and interview transcripts, journal entries) are
not attached as appendices references to them have been given as codes for future

5.1  Imtroduction to case study 1

Case study 1 focuses on "Andrew", a young' married male who had had some
experience in teaching science and maths at the secondary school level, Andrew was
also teaching these subjects on a part time basis during the study, while a full time
registered student for the BDE programme,




52 Brief backgronnd | |
Andrew was the only male participant involved in the study. I therefore sought his
permission to identify his gender in presenting the views described in this chapter.
Andrew is originally from Namibia where he did his primary education in Afrikaans.
He transferred to Cape Town where he attended a non-racial, church run private school
which attracted students from all over South Africa, for his secondary education. The
medium of instruction in this school was English, On matriculation he joined the
University of Cape Town (UCT) for his first two years of tertiary educaﬁon. In his
th:rdyearhew:thdrewrromUcrforpohncaﬂyrelatedrmsons Thefollmngyear
he enrolled at Wits and withdrew again, this time for financial reasons as he was now
responsible for his own tuition fees, Two years Iater in 1993, he returned to Wits and
successfully completed his Bachelor of Science degree, majoring in chemistry. During
his three years of absence from university he tanght science and mathematics to
standards 6, 7 and 9 on a full time basis at a school in Ennerdale, The rewards were
not good, possibly because he had neither a first degree nior a teaching qualification.
The poor salary encouraged him to resume his studies and obtain a teaching
qualification. Andrew is married with two children,

5.3 TReasons for joining the teaching prefession |
Unlike other people who become teachers due to circumstances, Andrew seems
convinced that teaching is his vocation as he describes in excerpt [I1:1a] below.

I've naver decided to become a teacher. I've always been a teacher. {...] I was slways helping others
(Mh) you know in mathe and science, in particular um from STD 7 onwards. .... It [decision] was
formalised when X wag in my matris year becanss in my matric year I was um & prefect at a hostel
and err during the study periods [...] I used to help them, T was paid for that (ok) from std 6 right
up to matrio. ..... the decision to become a professional I think was made during those three years

I was teaching. [[1:1a]

It is therefore not surprising that Andrew appears satisfied with this career despite its
relattvely low status compared to other professions. His claims rega:dmg his

satisfaction about the profession are:

1 think, first of all, T love the subjects that T am teaching, maths and physics. (Mb) And secondly
[....} L¥now that I teach well [....J I enjoy working with students. [11:1b]

He appears committed to the profession with no intentions of changing to another
carcer. His beliefs about his future in the profession are that he will always be a
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teacher, though not necessarily at school level.

[...] at léast T would siways ba a teacher. (M) It would just depend on which on-in which structare
I would be teaching ok. [...] X would either be a teacher in a school or that’s what I'm pianning for
at Jeast the next 10 years, (ME). But I em Jooking at erz other options Hke educating people in
indnstry for example, L...]. I might be teaching in a private sector. [11:2a]

5.4 - Perceptions of the teaching profession -

Personally, Andrew perceives teaching as an honourable profession but feels that in
reality it is not attributed the honour it deserves as a profession by certain circles in
society such as parents and government people. His reasons are based on the
observations that teachers do not have any control over remunerations, teachers have
no control over time, they are not really accountsble to others, their job is not
speciatised and worst of all they do not behave like professionals. He believes that

Proﬁwonﬂsmmyexpmﬁwwﬁgomtufthﬁrmywmfytheﬂmmhthiscmwhhh
wonld be to the siudents, Tn my experience most teachers are just doing their job. Its not student
orientatsd or client orientaved it’s-it’s a job that has to be done so its doge, ...... it's slmost like
uzskilled lzbour they just do it becaise they are expected,

His reasons for joining the teaching profession, his intentions regarding the teaching
carger and his perceptions of the profession seem to complement one another. To him
teaching is an honourable profession and that he has a commitment to it.

5.5  Characteristics of good teachers

Apparently he bad not met good teachers as a school student who could have influenced
his decision to pursue a teaching career. Instead he thinks that the teachers he had were
more friendly and good people than good teachers. However, he has some convictions

about characteristics of good teachers as shown in excerpt [11:2b] below. Notice that

all these characteristics are affective attributes.

{...] I don’t think that in my high school eareer I had a good teacher. [...] good people teacking ...
[...] but they wers not good teachers, Um, Primary school career I distinctly remember my
Aftikeans teacher at that stage and 1 think enthusiasm was one of his most outstéading
characteristics. Enthusiasm and discipline ... [...] School teachers weren't very good. They were
mote friendly than good-good teachers, good people. [...] enthmsiasm, [...] knowledgs of what is
going oit very good knowledge of what it going on and love for what you are doing. Those ave the
elements of good teachers” [11:2b]
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5.6 - Concepfions of science

Analysis of Andrew’s interview transcripts revealed the ideas summarised in Table 5.1
below. New ideas emerging later in the study are given in italics in the final interview
column,

Table 5.1: Summary of Andrew’s views about science:

g " R S IR
Toitiol interview 1]
. in & process mvolwng . cmm#abdyq"hamdge,
_ observation, . ﬁsamqfamﬂaﬂmhmmauotuemwﬂy
g expetimentation, 4 _ compleie or satisfactory
investigation, . n’-mﬁtymwmedmmamledgebm(inumwgain
establishment of fucts, . knpwladge); _
interpretation, analysis, | . tries to explain how the world works (clarifies)
Scleniific process:
. Scietific knowledge is produced bry observation, intended or
unintended, experimentation;
has both hypothetical part and speculative;
Scieutific knowledge: . Scienﬁﬁr.hnwledge
No data available, “ﬂtﬂl’km’d no distinction between soientific knowledge and other
as such, kaowledgs;
Y itinvalmh;poﬂmif not prevalent in other subjects as in

It should be noticed from Table 5.1 that Andrew holds the process ~ product conception
of science. His initial response to what science meant to him betrayed only the process
view, and he sounded somewhat doubtful as shown in excerpt {I1:4] below,
1 think sciance has got to do with experimentation, investigation, you establish the facts. So its a
process (Mh) involving those sieps, I think, [I1:4]

There was some confusion regarding the relationship between science and facts, Tt was
not clear whether facts constituted scientific knowledge or not, but Andrew was certain
that facts could be established through the scientific process but were not science in
themselves as excerpt [11:5] below shows.

. A | ]Onmaﬁcthasbmwt&bh:heditmnbmmmcebemﬂsmtapmﬁmthat’suhatl‘m

saying essentially. .. :otaikahutsdesk{hﬁngthedesk} forexmpleasfactunotmm,it‘
a fect :

L So yo-you consider facts ant be science?

A:  No, To modify that and talk sbout scientific fact ..., relating it to solence rafher ... it to svience,
its been discovered by acientific process or so, (M) it is scientific fact. But a fact in itself is & fact.
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E But once it has has reachsd that, T don’c want to put words into your meath bat once it has been
established as n fact it ceases to be science?

Az Not necessarily it can bs ... what Pt saying is it’s no longer part of the scientific procesg which I

' consider ... scli we to be as & process. What then you can muybe say is it's z fact. It has been

estabiished by scientific means (Mh) but it is not science in itself ... once it is exlablished then it is

fact but as long 85 you'rs involved in the process you might establish the fact again, fiff still is

sclence. Ifymembﬂshhﬁctgmngﬂ:mghnmhﬁcp:wmbutmhuﬁum,lmmn’s :

still facts. It's still facts. [11:5)

nsaems&om:hxsexuactmatAndrewﬁewsmcprwessofdisdovedngwwmbﬁshing _.
facts as science but the establisued facis are not science because they are outside the
process. In his view facts can only be related to science. 'Ihevlewsdlsplayedmemerpt
{11:5] were presented at the beginning of the study. It wilt be noticed, too that at this
time Andrew views of science were dominated by the process view. Unfortunately his
ideas about facts in relation to science were not explored in the third interview, It
appears Andrew expanded his views during the course of the year. So that later in the
Iast interview, his responses reflected a much broader view of science as shown in
excerpt [13:27] below. | o
[-..] science [panae] consists of a body of knowledge ok (mb). However, er it is not just mersly a
body of knowiedge [...]. It imvoives more than just the body of knowledge it invalves you know vm
activity also (roh) an intent to gain more knowledge, to clarify um you know ¢z to try and explain
how the [..,] world works. So it’s er-it's activity orientated st the same ime er it has s knowledge
bans, Ok. (Mh) Tim so that’s what science is 1o me means, it's 4 [...] process of accomulating
knowledge an.i er not that knowledge is ever um satisfactory or complete (Mh). But the scientis is

engaged in activity wm the process of accumulating that knowledge (mh) and explaining how things
work you see. [[13:27]

Portrayed in this presentation is that smence is a process by which knowledge is
generated and that knowledge changes. This implies that sciznce consists of both the
processes and the product of those processes - the knowledge itself.

5.7 Conceptions of science teaching

His conceptions of science teaching and teaching in general were derived from
interview data directly addressing that concept on the instances and non-instances of
science teaching {see Appendix 1B] and teaching tasks [Appendix 1C and ID]. His
ideas of teaching comprised the involvement of any one of the activities summarised
in Table 5.2.
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Table 5.2: Andrew’s views about science teaching |
Tnitial Tnterview 1] Final Interview {I3}
. helping students discover knowledge zad il for teaching is about facilitating the
themseives, teacher should be mor~ of & guide than learming process,
pass on information
. providing opportunity for discovery,creating a - : leading shudents to discover what
relaxed, comfortable atnosphere that is conducive fo the teacher intends them to
learning; discover. :
. presenting information or knowledge. . ' _
the transfer of knowledge or
. clarifying things for sindents. information.
' clarifying stodents
. takizig part in a teaching activity. misconceptions.
. uging teacher sids. consolidating students’ Idzﬂs, or
. improving students’ knowledge and experiences. getfing studenis to think about g
. developing critical thinking. particular situation or problem.
. requiring studeats to recall nformation. .

Andrew’s conceptions of science and science teaching were well established and have
been influenced by the way he has been tanght, After all he has been teaching for some
time in the same way he has been taught by his previous teachers and has developed
some degree of confidence in teaching.

| Ithonght[...] I was a good teacher becanse um I taught the way my teschers tanght and the
pupils were very happy with the way I taught becanse that's how they have been tanght. (Ok) It's
Justthazmaybelmughtbﬂterfhanmtﬁ:emanhers taught-the way that the teachers tanghtthem

12:18]

During the interview Andrew was asked to give his theory of how teaching occurs and
how learning occurs. As is the case for many of us, he experienced difficulty explaining
how teaching occurs but his theory of leaming came out clearly in both the interviews.
In the second interview it was better formulated (see excerpt [13:29b] in section 5.7.4
on page 92 below) than in the first interview shown below in excerpt [T1:6] and, which
does not contain anything on teaching,

I I would Jike you to sort of give some kind of summary, that ig abnafdmnpuonofvouﬁheoryof
how teaching and learning occurs.

T'm sorry I've just been confused a bit the jast three weeks. [...] By Skinner and Piaget and xli those
guys becanse, I mean we have just looked ot how learning takes place,

Ok. Initially what-w-what ideas did you have?

Tnitially that is initislly T did pot have s particular theory of how learnitig takes place. [,..] I iad
somie sort of idea and my jdea was nm {panse} people are continally constructing knowledge and
knowledge is built on previous knowledge, (Mh), That's why it is so difficult for paople’s ideas for
example sbout something to change even though they are confronted with lots of overwhelming

FE >
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couﬂlchngidmﬂmtm&wybehm thatmightbenxht.'fh&:euabmofmformauon[, J
on. which knowledge is based, on which more and more knowledge is built and sometinies even
though it might be wropg. The base of knowledge rejects that which contradicts withi it even though
thege i only one ... [...] essentially what happens is knowledge is sccumulated um but before it is
‘sort of sbsorbed you kmow taken in, to his first sense (mh) So basically that’s how leamning takes
place fo me (ya). But personally I feel I think as far as my subject is concerned that err anybody that
I teach wilt be sble to pass my subject, that’s my initial that’s my fandamental betief, (¥a). Given
the right amouat of time or given encugk time any student that does my subject wili pass st lesst in

standard grede. (Ok). Ymseewhntl’msaymgeverybodyhasthecapacitymkam@dh)wths _

degrve that is neceasary for him pass. [[1:6]

There seems to be a slight shift in cunoeptions of teaching science betweeh_ﬂle two

interviews as shown in Table 5.2, some correspondence is shown between the first

items in the two lists. The plirasing has been modified for purposes of clarity.

The following ideas will be described in an attempt to illustrate Andrew’s views of

teaching: |

. teaching is facﬂltatmg the learning process;

. teaching is knowledge presentation and transfer;
teaching i is improving students knowledge and expenences,
smcnceteadungxsleadmgsﬂdentstodmcwerwhatﬂmteachermﬁndsthem
to discover. '

Inillustrating these ideas initial and final conceptions (classified according the interview

data from which they were obtained) are considered simuitaneonsly. This is an attempt
show changes in conceptions of science teaching and learning during the period of the
study. -

' 5.7.1 Teaching is facilitating the learning process:

Andrew believes it is important for the teacher to be more of a guide than to simply
engage in teaching as passing on information to the students. He felt the teacher had
an obligation to prepare the students for their fufure encounters as the excerpt below
shows. ' _
' «es I think the teacher's responsibility is not only to teach, (Mb) um stodext's hoivledge-hut 1o

teach them how to learn, you see how to scquire knowledge [...] it ie important for the teacher to
be able ... do that, [T1:4] .
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During thecourseofﬂleprsgmmmemtewseemedmdevelopasmngoonvicﬁon
that teaching ‘nvolves the facilitation of the learning process. This conception was only

demonstrated in the final interview as the following excerpts show. It is possible that

the HDE programme was respoasible for this change. -

[Appendix 1C:1] in response to item on jeacher handing out crystals: '
Teachiag is taking plsce definitely ok (ya). Becmaetheteacheruﬂlmfuﬁmm.gmmlmuw

mekmmgpmeuwhehuwhatwhmgmﬂlabm [13:29]

[Append:x 1C:3] in response to item on students in library working on prohlems
o | mmdenxcmﬂdbeﬁcﬂmhngmohmngprmfmﬂwommdm(mh)matmﬂdbe

wm {13:30a)

[Appendix 1C:5] in response to item om » s juer gquestioning a student's statement:
Teacking in my definition is definitely taking 32 +7e. The teacher is definitely facilitating as a isacher
in that he is attempting to-to clarify maybe some sort of misconception secordivg to the +acher (uh)
or he ie trying to coasolidats the [.. ]mﬂenmﬂeaxorpemeptxo"touytogam:mﬁentmﬂunk

more gbout this particular guestion. [I3:30b]
Embedded in excerpt [13:30b] is the view that teaching is clarifying science concepts
to students, - |

5.7.2 Teaching is knowledge presentafion and transfer |

This conception may appear to be contradictory to thai discussed in section 5.6.1
above, This could suggest that, for Andrew these two conceptions exist collaterally and
can be compiementary to one another, '

Some of Andrew’s responses seemed to indicate that the presence of a teacher is not
necessarily a prevequisite for teaching, It is apparent that he belicves that whenever
knowledge or information is presented either by means of a teaching aid (e.g. TV,
textbonks, recipe book) or by a teacher or any other person, teaching will take place.

However, be acknowledges that the kind of teaching that may take place is not always -

 necessarily effective. Here are some examples to illustrate this view:
[Appendmlc4]mresponsem1temonaumvemtylecturerlecmnngtogmdelson
molecular orbital theory:

| P ]Wgudeﬁni&ly&hngphcnhmhuwhdgeub-mgpmmad Pm assuming that in
my definition of teaching, the presentation of k. -ledge, (ya). I'm not being specific about that

3. [11:8a]
{Appendxx 1C:3] in response to item on 'students in the libraty working on problems:
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Ieansayﬂmymumgnasateuhingamdbutmnymmtmeamﬂyamngatmharmolwd
and using one way of teaching aid teaching is t-ix to teach. (OL) Teiching is in that sense taking
place err sven though you ¢an’t zay that the teaching is taking place when the textbook was closed
and shut, but when it's open axd is presenting something in some cort of ways which is what
teaching is attemptine o do [...]J. [11:8b]

[Appendix 1C:3] same as above:

. Ok. However, the taxtbook which is the teaching msterisl um provides the upportunity for teaching
or lesrning to take place [....] texthook is substituting as the teacher, U therefore I could sy as

far sy the textbook is concerned that teaching is taking place. [I3:30b]
[Appendix 1C:2] in response on i‘em about a student watching TV:

[-++seee] And although it's f...] uot an active interactive discovery type of situation, knowledge hae
been passed, information has been passsd over and you know the realisation that plastio-the
realisation of the process of how plastics produced from coal is nlemungq;pmmforﬂmsmdmt

(¥a). Soﬂm'eteachngwmﬂdbamlungplace wenneg [13:30d]

In this respect Andrew recognises that teaching is about serving as a source of

mowledge and skill o students and that this js actually the function of the teacher. To
teach he believes the teacher must be well sld]led and posses a vast knowledge base

exceedmg the syllabus.

Um Ok. It is very-ok fisst of all the teacher-I mean that is actially the function right (of serving the
students p2 v source) ya as & sonrce of knowledge (ol) and skill. Um secondly [pausel X[...] don*t
mesn thet in the confines of just science teaching, I mesn in genernl (ves) ok. So that is what
teaching is all about sort of you can say. So if you'rs going to bs teaching then obviougly you have
to be you kut w that you should be well skilled you should have a vast knowledge base, one which
exceeds the syllsbus you know (yes) becauss apart from b Jing students you know with their
current problems it makes science move interesting, it maks the teasher more confident, it makes
the students more confident becuuse [.....} they can depend on the teacher you know Lssause the
teacher is ...} well informed. [....] And alsn if it comes to asking questions in the class perhaps it
goea outeide the syllabus, theteachercanbeembmdbecmyouknowhaumtthatﬂmm

of knowledge and skill that he is supposed to be. [[3:34]

5,7.3 Teaching is improving students’ knowledge and experiences:

There are possibly various ways of 1mpr0vmg students’ knowledge and their
experiences. Part of the teaching task as seen by Andrew is the expectation that students
reproduce what they have besn taught. Assumed in this view is that

[} different activitios constitute teaching. Well as long as the activities are exarciss or an attempt
um to fulfil the sim of improving-improving tea-improving children’s knowledge and experience,
and epriching experienc. then teaching is taking place. [11:9)
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5.7.4 Teaching is leading students to discover what the teacher intends thern to
discover - |

Good instructional strategies for effective teaching of science seems to require teacher
to provide opportunities that will

 erne Lons) elp the students themselves to discover knowledge and sills on their own. .... [11:3] -
It is important for the teacher to provide opportunities for students to experience
discovery on their own. Scwncewachmglsfacﬂ;tahngsclesmﬁcdiswvery This view

can be shown in the exemplary excerpts given below,
[Appendix 1A:1]: in response to item on a teacher handing ont crystals:
% In this particular case [...] the teacher is supposed to lead them to discover something (mh) alright.

And I would assume thar. there would be something about the crystals that the teacher is attempting
them to discover, [.,.J and the teaching part is }sading them to dlsooverwhatitzs that she wants

them 1o keow [13:29a]
[Appendix 1A:8] in response fo item about 2 student baking:
,. '.;a&immn-mympmmmﬂimmmmgmmm for
oejentific discovary you know (mh) but it doesn’t mean that the person is suppossd to be necessarily
.. engaged or interestsd in the scientific processea that are taking place, [13:32]
As mentioned above, it was more difficnlt for Andrew to describe how teaching ocours
than it was to describe how learning occurs, The data from the initial interview seem
to suggest that he was unable to give a- theory relating to how teaching cocurs.
However, by the ¢nd of his pre-service training he had developed some kind of theory
of teaching, or rather hs was able to derive one from his conception of learning. This
statement does not necessarily imply that the HDE helped him develop a kind of theory
for how teachih_g occurs, He was more convinced with how learning should occur as

demonstrated in excerpt [13:29b] below.

[...} My theory of teaching or how teaching-how teachiag should occur is very linked-very closely
linked to how learning should take plase (mk). And in my personal experience and the way T feel
is people learn better when they discover things for themselvpe. ... learning takes place through
discovpry in other words .... and self realisation, realising that, Ok sometimes its discovery um you
discover something when you are told something you know whet I'm saying. So you discover what
you gre told. So in essence it’s only once you realise and understand what it is that [....] you are
being told ur ... that Jearning actually takes place ok. Learning ig an active process as far as Pm
concerned, The student is engaged it's almost like discovery hus taken piace for themseives.
Teaching therefore would then be facilitating you know that discovery process. Becauss the tescher

 is teaching um when lie is leading the students to make their ows discovery [...] Um that is how
teaching occurs and that’s how learning ocours to me, [13:29b] .
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Conceptions of science learning

AmnmaryofAndrewsmwsabuut]:ammgmgweanableSBbeiow These
stawmmtshaveabemtakenﬁomthedatammthmmmummodxﬁcauon

) : ,. of Andrew’s views about lenming

Interview 1 _

learning is the continous construction and | . ' lemmgisaboutwqmnngkmwledge '
accumulation of kpowledge = I. learning iz finding out about thinge through
learning depends on students not the ' discovery and self realisationg
teacher or what ia being tunght; . learning i1 an active process and depends
learners st be actively involved in on the actve invoivement of students
discovering things for themselves or . learpers must be engaged actively mentally
solving problems; in discovery
learnér must be aware that athe is . learoing depends if thers i9 & new body of
acenmulatisiy knowledge; 1 - knowledge being transferred from one to .
can be a subconscions activity the other and therefore on whether léarners
depends bn how material is preseoted: are diszovering something new;
simple or difficult to follow; '

. depends on teacher's success in hisfher

As can be observed from extract [13:29b] above, Andrew found it difficult to discuss
teaching without drawing upon his ideas about learning. He was convinced that teaching
and learning are neither mutually exclusive nor inclusive and that one is not necessatily
a natural consequence of the other. Teaching attempts to bring about learning (Hirst,
© 1971). Whils Andrew acknowledges this, he is also convinced that teaching could occur
without learning and is supported by Hewson and Hewsou (1988) in this belief, In his
description of learning, he emphasised the cu structivist view of learning which places
the learner at the centre uf the learning process. He thus appeared to hold a strong -
belief that the learning process depends on various aspects of the leamned material and
the leamer. To illusirate these ideas the following extracts are given. That is the
learning process depends on

the siudent not so much on the teacher:

[Appendix 1C:2} in response to item on student watching TV

.

[-..] The TV conld be & teacher aid .... but that doesn’t necessarily mean thst the student is learning,
And in that case learning depends on the learner not on ths teacher so mush. [[1:8]

how the material to be taught is pmsentéd not on what is being taught:
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[Appendix 1C:4] in response to item on the lecture on molecular orbital theory
[ ]hmnginthiapmﬁcﬁnmﬂame{mﬂwﬂuwh&!ﬁamyhcmmwgmda 1'8} (mi) depends
on the students um not necessarily on the what is baing taught. So even thouph it might be a difficult
subject it does not mesn that at the ead of the day the student has learned nothing.(Mh) Jt's diffioult
to say the studens is learning something (M) it depends onhuwitispremﬁedwheﬂmsimpb
enough for hem 1o follow it etc eto ato, [11:8-9]

. whether the student is listening attentively: |
[Appendix 1C:4] in response to the same item as above

[ ]M@mmwmﬁﬁiﬂﬁmmmm{ﬁﬁdumﬂmhm
mnﬁvely er in discovering something, [13:31b]

. whether the students are acﬁvei'y engaged mentally in thinking about the task at
hand or actively involved in discovering something now: _ |
[Appendix 1C;3] in responss item on a teacher questioLdng a stuc ent’s slatement
 As far as leatning mplmdepem on whether [...] inmeprocmmamﬁmmis sctively
\engaged in discovering something [13:31a]

Excerpt [13:29] on page 92 above also shows thai Andrew’s vxews were more
applicable and less theoretical. This was not the case at beginning of the study,

Apparently ke was already in possession of these theories prior to entering the HDE

programme as excerpt {11:7] below shows,

% The theory thiat you have just menitionsd sbout that thers is o knowledge base on which additional
koowledge comes in and depending on bow it features that it-it is rejected. Did you have that ides
befare. you joined the HDE? :

A Yes I dil. Neumﬂlydom-m:pmﬁcmmmmﬁmmemmmemmthmlmdm
on inteliect improving your intallect -thet's basical and I did it sometime in my first year university,
(Ya) 951t of memory things (ys) where you improve your memmory type of things. {11:7]

It is not clear whether the views expressed in excerpt [I1:7] above are based on the
recent theosies of learning just discusses in leciures or those are ideas he had prior to
his HDE lectures. | -

From these extracts and other data not repurhad here it appears Andrew views learning
as a process mvoltvmg
« - knowledge acquisition be it construction or accumulation bay adding on to store

of concepts;
understanding what is being presented by the teacher or what is discovered by

9




the learner;

Andrew also viewed learning as an active process in which students are actively
enpaged in discovery of new ideas, the transfer of a new body of knowledge or the
acquisition of new knowledge. These views complement some of his views on teaching.
[Appendix 1C:5] in response to ifem on a teacher questioning a student’s statement

oses I think laaming will take place if um the student is actively engaged in thinking about answezing

the question. [.....] Learning is about acquirisg what is mippozed to be Xnowledge, ok. {¥&) And

if he's enguged in thinking abont the question and answering and giving some sort of justification.
_ in hie aziswer then he will be engaged in learning. [13:31] :

[Appendix 1C:3] in response to item on students working on problems

[...] As far as learning takes place depends on whether there is new body of knowledge that is being |

teansferred by any ons of the two studenis and whether in the process um each student is actively
engaged in discovering something there, [13:30]

59  Andrew’s experiences
Like Perrial and Mary, the other two participans in the study, Andrew had been asked
to keep a journal of his feé]ings, thoughts, encounters etc. during the course, He

claimed to have kept a journal which unfortunately I was not able to see. Andrew's

experiences during the programme were therefore obtained by interview and a variation
of stimulated response. According to Clark and Peterson (1986) stimulated response

involves replaying audio- or video tapes of episodes of teaching to enable the listener

or viewer to recoliect and report on thought processes during these episodes. In this
study by "a variation” of stimulated response I refer to a process of stimulating recall
by using the teaching plan followed for core science and the physical science
methodology courses.

As mentioned earlier Andrew has some teaching empenence At the start of the HDE
programme he had the following expectations from the physical science methodology
course. To be taught: '

. how to spproach problem aress in the std 8, 9, mphymcalscmaaudhowmmlmnﬁlm
coneepd oy students,

- how 1o prepare coherent desgons and how to Jeliver them effectively.

. 10 lesre hew to dial with my students and their misconpeptions and problems.,
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the leamer;

Andrew also viewed learning as an active process in which stndents are actively
engaged in discovery of new ideas, the fransfer of a new body of knowledge or the
acquisition of new knowledge. These views compleme:it some of his views on teaching.
[Appendix 1C:5] in response to item on a teacher questioning a student’s statement

... L think learming will take place if um the student is actively engaged in thivking abont answering

the question. [.....] Learning is about acquiring what is supposed o bs knowledge, ok. (Ya) And
if he's engaged in thinking about the question and daswering and giving some sori of jnstification
in his answer then he will be engaged in learning. [13:31]

[Appendix 1C:3] in response to item on stud~—>» working on problems

[-..] As far as Jearning talk sz place depends on whether there is new body of knowledge that is being
twansferred by any ons of the two maentsmdwhethermﬂmpmumoachmdentnachvdy

enigaged in discovering somethiiig there. [13:30]

5.9 Andrew’s experiences _

Like Ferrial and Mary, the other two participants in the study, Andrew had been asked
to keep a journal of his feelings, thoughts, encounters etc. during the course. He
~ claimed to have kept a journal which unfortunately I was not able to see. Andrew’s
experiences during the programme were therefore obtained by interview and a variation
of stimulated response. According to Clark and Peterson (1986) stimulated response
involves replaying audio- or video tapes of episodes of teaching to enable the listener
or viewer to recollect and report on thought processes during these episodes. In this
study by "a vadation” of stimulated response I refer to a process of stimulating recall

by using the teaching plan followed for core science and the physical science

methodolozy courses,

As mentioned earlier Andrew has some teaching experience. At the. start of the HDE
programme he had the following expectations from the physml science methodology

course. 'To be taught:

how to approach problem areas in the std 8, 9, 10physicalacieneeandhowtom:plamm
concepta to students,

. how to prepare coherent lessonie and how to deliver them effectively.
to learn how to desl with my students and their misconceptions and problems.

95




PR

From this excerpt it will be seen that Andrew hoped to acquire some skills to address
specific issues which he had identified as posing problems inhibiting him from teaching
effectively. He hoped to acquire procedural knowledge and not so much, declarative
knowledge., '

Aitempts have been made to divide the description of Andrev:'s experiences into two

parts; experiences relating to HDEB courses (both campus based and teaching practice)
and personal experiences. But a8 will be seen, it was difficult to separate these

experiences.

5.9.1 HDE related experiences
AndrewsexpenencesoftheHDuprogmmmewmnotnwessanlypleasantones The
year bad ups and downs to a point where he considered withdrawing from the

programme. The description that follows hlghhghts some epmodes in Andrew’s
experiences, -

Andrew tanght for a few years before deciding to professionalise his teaching career.
He verbally acknowledged immense benefit from the HDE programme, highlighting
that ' :

1 think personslly 1 have benefited, becanse a lot of the things T have bezn exposed o in this course
and §,,.] T can only tulk for mysslf actuelly, (yet) um is thal this discovery learning, I mean these
teaching methods and teaching theories [...] are things you nbver come acress um when you are
doing the BSc degres for example, (Mh.) And sven when you enter the classroom situstion thoss
ﬂ)mgsmhmmbabmnghtmymrnmnonuﬂmymaﬁeniamumhhﬂns So T feel

personally I've benefited. [12:17].
He went on to say this about the course

1 think it's very practical, UmIthmkltlsveryleacherspemﬁomeamngﬁmtyouknﬂwuoqmpsﬂu
person to be a tzacher. {12:17a]

He felt he developed this appreciation of the HDE courses becanse hehadbeenexposed

to inferior education as a school student. He claimed that during the courses in the

programme he came across 2 number of things for the first time. For him it was a very
enlightening regarding available strategies which he was not aware of. He said that

 ‘Wenever did discovery-worksheets you know, We didn’t really have worksheets we just did things

aut of the textbonk you keow. We had to do questions and muff Jike that out of the texthouk, ete

etc. I mean whene I come from T was tWcky that they bad a 1ab. But even with the presence of a lab

a fully equipped lab the teacher warq't competent enouph to-te demonstrste. [...] Tve never
persopally touched any of the appa:atus nnﬁllcmotomatncmthephyﬂcal science sitnation, Tt

9
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has always been demonstrations dnaebythemher.'ﬂmwe’vemerhadmﬁlliﬁmﬁfum
you know worksheets, you know where you go through experiments amnd you obeerve cerizin things
aod you £ifl in sinff, We've nover dons that kind of stuff. (Ok) Um and becsuse Tve never seen 2

woikiheet before Pve never falt competent enough to draw up a propér one. [...] So I mesn
personally 1 think I've benefited ap incredible amount. [12:17b]

It does pot seem that even at matric he had a chance of engaging in practical work and

'wor]':slwe_t's. Also in his teaching prior to preservice training, Andrew followed a

teacher centred approach which was reflective of his experiences as a scholar and which
he thought then and now, was very good. Discovering different methods of teaching
could have implied that he would start using a different approach to teaching from the
way he has been taught, The practical pature of thefcourses also gave him some ideas
on how to organise and run practicals in his own classroom. -

He claims to have come across teaching and learning theories he had not been aware
of 78 an unqualified teacher. His benefit from the HDE was further enhanced because
he had been exposed to part time teaching while doing his HDE, His involvement with
teaching at the same time as his BDE studies could have opened opportunities to try
out these theories and methods. So though he should have been in an advantageous
position of ‘on the spot’ in-service, his students were not reaping the benefits of his
{raining, Neither was he able to implement the newly acquired lmowledge and skill, as

he describes below.
Thcsmdentsunfommatelycan’tgetﬂmbmﬁtofmyofmyknawledgeherehemseoﬁheﬁme
factor (Mh ok,) So er, but personslly I think they-they enjoy my lessons you know just pevsonally
{Ya). And also I meet their expectations. If I had to teach in a different way. I think it wonld be
very traumatic for them if I had to teach discovery Jearning snd those kinds of thiugs, especidlly in
the first few weeks or so [12:18].
This anticipated trauma raised more anxiety in Andrew because he had initially
presented a predominantly didactic aspect of his teaching with which the students were
familiar and could relate to and which they preferred. The change was not welcomed
by ihe students, Tn some ways the rejection of Andrew’s change of teaching style from
teacher centred teaching towards more student centred teaching landed him in a
frustrating situation. Tni the school where Andrew taught there was no understanding

 that Andrew was a student teacher, He was regarded as a fully fledged teacher who had
to meet all the school requirements and was therefore judged like all the other teachers
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by the students, Andrew’s curiosity about students’ perceptions regarding his teaching

iedhxmtoadmappomungdxscoveryofunpleasantcommtsmevaluaunnforms
comphtedbythesmdants

[-. ]lewmmhmmmwlm@tmmmmmﬁtlwxmd(mh)
in the way that I taught initially. {OK). And when I came to university they told me otherwise,
becaunss my style of teaching wis more than um you know that sort of teacher vrisntated teaching.
{¥o_) And T changed my style the students didn’t Yike i (At the beginning of the year, this year) Ya
wihen Tchanged my atyls of teaching in accordsnce with what they wanted [...] Ok, So what I found
~ wais, and it - the next evalnation forms, I checked through them and I locked st the comments. And
they actuslly said that in the first few months I was good. I was 2 good teacher, (Mh). And when
Ichanged my style t& pupil orientated learning where they must learn & little bit more-whers there's
more expected of them and I teach a littls less, they sctoally didn™t like it and er what I found was
that [...] they sort of marked me down from my evamation. Ijust checked, I wasu't supposed to
1" 3¢k, but I just checked. (¥=). So personally I feel deinotivated. I've been feeling demotivated for
aslittle while now for about three months or s0. That’s one of the things that contributed to my
negative sttitude towards tesching was ..... (that you were trying to implement what you have learnt
from your methodology?) That’s it. That's it. (Only to find that it is not received with enthusiasn
ae you wonld have expected) Thet's it. And personally also I feel a little less confident than ¥ was
at the begioning of the year, as a seacher [12:24] '

Andrew had hopes of improving his established confidence of being a good teacher by
enriching his teaching methods by implemenﬁn'g' suggestions from theHDE programme.
This experience was sufficient to discourage him and cause him to revert to his teacher
centred mode of teaching, 2s was so predominant in the teaching practice Iessons
observed and described in section 5.9 below.
As mentioned earlier Andrew was teaching part time in a school which had no facilities
for teaching science. He was only able to apply the new skills and knowledge acquired
from the HDE programme to a limited extent, It should therefore be appreciated that
the limited application was not always by Andrew's choice but was dictated by the
situation, He felt that he was driven to relying on didactic teaching because

... the dissovery method is very impractical (Tn this sitaation?) Tn this sitnation. (Ehe) Um because

we don’t have the time. And apart from that parficuiar teaching method or strategy there is only the

one that is teacher centred. I would Bks to belisve that I found a compromise between the two (Mh).

Then my guided discovery is a verbal one. You kmow where you don’t bave this what’s the name-

draven up and whers you provide them with cues. (Mk.) You know. Um asking problem questions
1m you sort of guide them slong you know and um I wonld Jike to belisve that st the end of the day
they discover these things for themselves (Without astually mnmpnlahng stuff) Ya withont practically

manipulating things. [12:17]

Andrewwasthusfacedmththedﬂemmaofsaﬁsfyingtherequimentsofﬂle'

methodologists as a student teacher and those of the students as their teacher. Andrew
tried to merge these two pedagogical sides by applying what he called "verbal guided
discovery", as mentioned in the extract above. Also as a teacher in a centre which was
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geared at matriculating students Andrew was faced with conflict between the tasks of
trying to teach for some understanding and drillng the students for exams. The latter
seemed to dominate as shown in the description of the observed teaching practice
lessons (see section 5.11).

Andrew’s students rejected his change from teacher oriented teaching style to student
centred teaching, The rejection of the change to teaching styles by students (and co-
operating teachers) is a common thing among student teachers (Clark and Starr 1991).
‘This, among other drawbacks in the school, limited Andrew’s attempts to implement
suggeéﬁons from the HDE programme. He managed to change his approach to lesson
preparation because this did not directly involve the students. But he found this to be
a time consuming exercise. Initially he spent much less time and used very few
resources when preparing. But after he started with the HDE programme he realised

that his lessons were below standard. When he applied what he had Jearned he started

using more textbooks and spending more time, Hie later clzimed that he prepared better
from several textbooks because
L.. ]certamteuctﬁooksemphas:se oérlamthmgsandtheyleavemtmwnthings,whmasoﬂlm
emphisige others. (Ya) But I thivk the importance of it all is when you get a global view as you

select, you can select what is actually important, you kmow what I'm saying, becaues angther of the
resource material that Tuse is specifically aimed um at the sections that are examinable . ﬂmemi

of the year, you know what I'sa saying, (Mh) so they are exom orientated. [12:15]
He felt more confident with his lesson preparation though he was convinced that the use

of different textbooks did not broaden his content knowledge. This was because -

whatever was presented in the books was not new to him, But this confidence was
~ counteracted by rejection by students and be could not imiplement his lessons as he
prepared them,

Andrew was #lso concerned about his assessment and evaluation by his lecturers. He
claimed he was assessed only once, What he overlooked, however, was that he was not
present on two occasions when the assessing lecturer visited the school for observation.
To show his concern he went to the extent of asking me on three occasions to

... make some sort of eviluation because you [researcher] have been there consistently and you have
sort of seen oxactly what I've [Andrew] been doing sll the time unlike somebody that's coming in
and just checking me once eic etc. [12:18-19]
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Being absent was fairly common for Andrew. He was also absent from'several- HDE

classes and it was only natural for him to be concerned with the influence one teaching
practice assessment would have on his ov;;rall performance. Also being aware that he
was limited in applying the suggested approaches because of the school and students’
expectation, he was afraid of being marked down during assessment,

5.9.2 Personal Experiences |

Most of Andrew’s unpleasant experiences during his professional training were not
directly linked to the HDE programme. The above discussion shows that during his
year of study, Andrew was engaged in threé sepatate activities which were taxing
academically, pmfesmonally and socially. These activities were his HDE studies,
teaching science and mathematics to matric students (for which many educators have
some idea of the commitment required) and being a conscientious family man. These
activities can be par.ticularly strenuous when combined and in this instance constituted
a demanding lifestsrlc for Andrew. The effect of these dema'nds climaxed in the second
block of the Wits calender, especially in June. Andrew mformcd me of his depressing
situation during an informal interview sometime in July. What he disclosed explained

his absenteeism observed in the last two weeks of June, when he was not attending any

of the HDE courses at al}. Apparently during the June period he had eight examination
papers to set for the classes he taught. He felt he had geared himself to a stressful
lifestyle. The other responsib™ities he had included of course his studies, house chores
- and taking a child to school every morning. As a result of the latter he found himself
always running wehind schedule, for example rushing for taxis to Wits, sometimes
missing essential meals like breakfast. Al this culminated in & stress related cold and
he claimed to have collapsed at some point, He felt completely burnt out and could not
cope. During these times he seriously thought about withdrawing from the programme.
It seemed his commitment to teaching and school requirements and domestic chores
were of greater priority than his studies, In a later interview he had this to say

regardmg his home life:

" [+ whe , ,u are single you have the luxury of arranging your time and planmng You plan it.
When you are married like I am and you have two kids below the age of three, they don’t care about
your plans, you know. If you decide you waitt to sleep from um twelve o’clock to six o’clock, or
you want to get up early in the morning, sometimes four o’clock, they got up earl-they get up any
time they want to. Um and they keep you awake and by the time you want to get up and do wikit
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| you have planned 26 de you’re also exhausied and you know, you are just sot able to do it. And it's
not 2 one of thing, it's something that huppens freguently you kiow, [L2:13a]
Tt seemied he had to carry out his share of the home chores and that the only time he

could concentrate of his own stodies was during the day when he was also exhansted.

‘Fortunately the stress ' * veriod described above was fairly brief. Andrew thus stayed

on because he felt the thiru and fourth block had less work for iumwithnoexams to
set, though the other responsibilities were still there,
So considering his stressful lifestyle attluspomt during thestudy, natm'a]lylaskedfor

his opinion about the idea of studying and working at the same titne. His response was

1 ﬁnnht‘uagoohdea,ifyouaredomgthmparhcu]arcmxt’sanmaﬂmtmea becanss it gives
you practical um trainirg on the spot, sort of. It is almost lke inservice training, So-and personally
if that was all I had to do it wouldn® have besn & problem. (Ahz) So as far as I'n concerned there
should not be & problem, ¥t ghould actually be to your-to your . & mmtage, [12:13b]

5.10 Andrew’s knowledge of chemical concepts

Andrew is a 1953 Chemlstrymgmduateﬁ'omwus H:shlowledgeofchermcal
concepts, together with that of the rest of the group, was diagnosed by means of two
tests {sce Appendix 2]. Since he had considered withdrawing from the cours he had
not hothered to do the test on chemical bonding. Tt was not until during the teaching
practice ziter he had decid~d to stay on that T followed him and asked him for the test.
So he took much longer to do the test than the rest of the group. This is reflected by
the detailed reasons he gave (see Table 5.4 below, pre-test column), In interpreting his
responses it should be remembered that Andrew was absent when chemical bonding was

. discussed in the physical science methodology classes (see chapter 4), that he did not

do additional studies and only attended the very last chemical bonding session in
Novenher. This last session focused in part on students’ experiences of teaching
chemical bonding during teaching practice and analysis of sections on chemical bonding
from textbooks chosen by students, Student ieachers were expecied to identify

misconceptions or errors propagated by school textbooks. This exercise prepared

students for a similar exercise when they get to the schools. So it is difficult to draw
any conclusions about the effect of the classes on observed conceptual changes, if any,
regarding chemical bonwng, |
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“Table 5.4 Andrew’s concepts of chemical bondling

A: the crystal lattice consist ont of packed Na* and Ct jons
D: thamsmoheularbondnmsﬁong,leadmgmihsﬁm
breaking of the bonds

*{1: the colorr of & mhcnhdoumtfﬂopudonﬂwstrmgthof

the bonds between the molecules .

Ce m&mmmwmemmwgeﬁuhmm&om
Adiltibuhonofelec&mclmddmaitymmm‘bkmrﬁe
reaction

A: cheraical bonding occurs as a sesult of electron density shifts,

" 1) hecango it describes mslang&ofﬂwbond(orthedutame\

betwmthem:mlwuleso:mm :
#B: mihngrequu'uihatﬂmbonﬂsbmmmﬁmldbe
Broken, The greater these forces between the atoms the higher

- would be the melting point becanse more ensrgy is required,
. C: bacsuse the I, molecule hes “covalent” bonds, the atoms in the

molecnle wonld be closer together than in the crystal
#As there exist chemicsl bonds between the molecules in a
pebwotk solpl -

Cr mﬂmysmmmikahmtbunﬂsbmnsmleculeof

: Mhawdoynuclamfylhn?

flass average: 7.7

1. A: reactivn is
chavacterised by
electron transfer

2. I: breaks claatly
=3 girong forces
between the
molepules .

3. *C: the absorbance
of light of all
wavelengtk, 1t is due
to the chemical
bond, will indicate
lﬂﬂnz mi

- Axno sxplanation
5, *{mo sxplanation
6. *Dino explang?
] 7. *Rino expianation

3, *B:no sxplanation

9. Bino explsoation

10.  *D:ino éxplanation

. His responsesm 'qumﬁons 1,4 and 5 [Appendix 2A] suggest that he did not undergo

any change of ideas regarding the nature and origin of the chemical bond, The fact that
he was unable to answer questions 1 and 4 or justify his correct answer fo question 5
supports this assextion. Another disturbing observation is that he changed from a correct
resj:onse, both option and reason, to an incorrect response for question 9 on structural
ch'a'ng'eis'. Itappears Andrew needed the discussions he missed considering the shifts that
were observed for questions 1, 4 and 5 and slightls for question 9, see Table 4.3 on
page 49. Both his scores were below the class avemge-ofé.ﬁmpretest and 7.7 in post
test. Further data would be required to validate the possible conclusion that he scored

assignment,

102

'heuerinﬂleposttestbeeauseofthelastdiscus;siononchenﬁcalbondingandthe




o

e

Resuits ofﬂmexplomhonofAndrewsconcephonsofamdi andbasesaregwenm
Table 5.5A and Table 5.5B below, -

'I‘able 5.5A Andrew’s responses to acid and bases test (Section A)

Quemonand

correct response

m ] 2A SBGC?B'SAEBIOA 1A | 12B !

3|4
E|E_

HAndmw‘smapnnm.;}AEABCCAEA A |E

Notice from

Table 5.5A zbove that the only wrong answers chosen by Andrew in the

multiple choice section were questions 4 and 7, Choice of option A for question 4
meant that Andrew thought that ammonia was a proton donor. This was possibly a
careless mistake because it was contrary to what he taught during his teaching practice,
discussed below. His other error of selecting option C for question 7 also conflicted
with the ideas he presented in teaching practice lessons, Table 5.5B below shows a

summary of his responses to section B of the test.

_ Table 5.5B Andrew’s responses to acid and bases test (Section B)

N A L S TR S i, A o E " o 3 !..

1 .

CH,COOH + 0 =~ CHCOO + H,0'

Yes, Becanso ethanoic acid "releases” (sic) H* in solution.
"2 CH,COCH + H,0 »CH,COUr + H,0* '

NH; + H,0 » NH* + OF __

3 1) CI' iz a weak bise; CH,COO" is a strong base
§i) NaCl solution will be slightly basic; CH,C/20Na solution will be basic

4 H,CO, + H,0 wHO* + HCO;

5 Anmdicstorimwmkacidthatehangeuolwrmththehmofﬂ*iom Henussﬂ:e[OH‘]
in solution increases H* ions are lost from the acid, this lead to & change in colonur, The
dsorease in OH- jons in solution has the opposite effest.

DHA DB ii)B
6 ) Comacidlsundilmed,s&ongmdnsanmdthathasahghtenﬂeucywd:mm
MB! sic) _
b) No. Undiluted acid does not affect the tendency to dissociate, hence not nocessacy s
Dt g e S R e s s A e T —
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Table 5.5B on Section B of the questionnaire does not reflect many erroneous
responses. However Andrew seems to have hai problems with microscopically
representing an agueous solution of hydrochloric acid [Appendix 2B:7]. His
representation to question 7 is given in figure 5.1 below.

C@@E’b@&%
@ 807 %

Figure S.Ii\ﬁcrbecopic representation of HOI (aq) by Andrew

Tt shows 2 comrect orientation of the water molecules and the chleride and hydrogen
jons. What is disturbing though is that there are no hydronium ions represented and that
frse hydrogen fons are depicted to exist in solution. It vl also be observed that his
response to question 6 illustrating the limitations of the Arrhenius theory of acids is
correct. He was also observed during teaching practice explaining that the theory failed
hecause hydrogen jons are highly charged and too small to oceur freely in solution.
Now what is interesting is that his microscopic representation of the same concept does
not agree witk: the conceptions he appears to hold. This could mean that Andrew does
not have a proper microscopic understanding of concepts like aqueous solutions of acids
in this case, Similar finding have been reported by Ramot (1992). |
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5,11 Teaching Practice observation :

A brief description follows of the school and the student body of the school where

Andrew taught pari time and conducted his teaching practice. This contextualises the
 description and informs interpretations made from Andrew’s practices. |

5111 The school | |
The school is located on the 4% and 5® floors of a building in the centre of
Yohannesburg. Almost all the classrooms overook a busy street. This means that most
of the time learning is disturbed by noise from traffic outside.
Andrew's description of the school was thatitis s
«soe & maitric centre. There’s std § to td 10, [...] ... It has been called with & lot of ofher schools
Lke ..... Street colleges, [..] And it's essentially & privete school um supposedly on a multiraciel
basis, Br... er... on a profit making basis, [11:4]
Since it is a matric centre, teaching in the school tends to be directed toward the matric
exam. Tt appearvd the students were specifically drilled toward getting their matric. The
examination driven way of teaching in the school was also acknowledged by Andrew
"during an interview where he stated that
..... ﬂmn_ahtreofthe-schoolismhthntwemmmoﬂemﬁted [12:16} _
In some ways the students are treated almost like college students as the school is run
more like a tertiary institution. There is no normal school discipline, Students come into

class any time, and sit down. There ig no bell to mark the beginning and end of

Jessons. The school is double streamed, with only std 9 and 10 classes.

5.11.2 The Student Body

'The school is potentially multiracial but _
vess the people who do really take advantage of it s Africans, (Mh) So vm in fact the population
in the particular school that 'm in um they are all African. [I1:4] -

The stodents are supposedly mature and

erese cOMe from a variety of backgrounds. Uni most of them bave done matric already. Um those
who will not have done std 9 will have done insignificant amount of work in s'd 9 work. Er and
there are those of courss who would not have even done std 9. And so that's a mixed bag of

students and they have to do matric. [11:4]
In addition
v-.» though they may be disadvantaged students, the assumption is that students don’t know anything.
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Becansp um you don’t kiow what backgronnd they come from, yon don’t know whather the #td §
they have dons is you koow up to standard sort of. So althongh soine of them I mean though they -
may be disadvantaged thet's the asmption that we make and we work ont from fhere. (Soyou

'mmetheym'bhnde“?)Weummﬂlyw [12:15]
The latier two quotations give some idea of the kind of support systems .tbatteanhets
are expected to provide to the students in the school. The teachers are also working
under a tight time scheme in preparing the stadents for their exams.

5.11.3 The Classroom |
The school has no science laboratory or equipment for teaching science, All science
lessons are held in an ordinary classroom, which has been specifically allocated to
science classes, HOWBVC_J:'F, other lessons were also held in the same classroom, The
absence of a science laboratory and scmnceecpnpment meant that practical work at the
school was severely limited.
The classroom was furnished by 14 long desks each capable of accommodating two or
three chairs. Also available was a smaller teachers’ desk at the right hand corner of the
classroom from fhe teacher’s perspective. The classroom was faicly crowded with very
little spaoebetweanﬁlé&bntwalland the front row of desks. This allowed little more
than for the teacher to pace while talking to the class. The lack of space at the front
d1soouraged Andrew from using an overhead projector, among other things, partly
because

You see the problem with the overhead projector is first of all, I mesn the objective is to face the
class. The way the class is struciured if T were to se the overhead projector I would have stend in
halfwaybetweenmebmchesbemnmespmbenvmmebmzdmdmepupﬂsmwmﬂl

12:20]

There were no teaching aids except for the chalk-board and one white board, There
were sockets available and they were in working condition,

5.11.4 Classrooni Observations

Brief background

In all, ten standard 10physwa1scuencelessons were observed, nine lessons on acids
and bases and ome final lesson on chemical equilibriut. Three lessons, most
representative of his teaching style, were selected for analysis. Thus anaiysis of detailed
field notes from these Jessons facilitated the identification of categories to focus the
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deseription below.

' EachleSsonhqganlatert_hanthe'appointe'dﬁme. Two factors were parily responsibie

for that. Lessons observed usually came soon after Andrew’s other std 10 class. So he
took advantage of the fact that he was taking the next class in the same room to
conclude his lessons properly, Unfortunately this also affected other lessons, The other

 factor was that students usually took time to setfle down before the lessons began. The

absence of a warning beli to start and end lessons was also a contributory factor to the
late start of lessons. Andrew was quite accommodating regarding the late start. He
often waited patiently for five to ten minutes before siarting the lesson or making a
formal request for the stadents to be quist. Once the students wer s settled and the

" lesson had begun Andrew had no classcoom control or management problems.

Lesson discourse _ :
In describing the teaching style utilised by Andrew during his teaching practice, focus
is given to the following | o
- general fisatures;
the questioning style;
handling of students’ responses;
handling of students’ guestions.

General featurey

All the lessons were expository in nature with the éxception of lessons which were
specifically designed for students to work individually on activities such as when
students worked on exercises. The lessons were predominantly lecture type and teacher
orientated, especially because Andrew did most of the talking. The teacher centredness
of these lessons and the degree of student involvement will be illustrated by some
excerpts used to exemplify other characteristics of Andrew’s lessons.

Andrew seemed to bave great difficulty reconciling what he had al along thought was
a good method of teaching with the new methods acquired from the HDE programme
as reflected in excerpt [12:24] on page 98. | -
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 description below.

" Rach lesson began later than the appointed time. Two factors were partly responsible

for that. Lessons observed usually came soon after Andrew’s other std 10 class. So he

took advantage of the fact that he was taking the next class in the same room to

conclude his lessons properly. Unfortunately this also affected other lessons. The other

factor was that students usually took time to settle down before the lessons began, The

absence of a warning bell to start and end lessons was also a contributory factor to the

late start of lessons. Andrew was quite accommodating regarding the late start. He
often waited patiently for five to ten minutes before starting the lesson or making a

formal request for the students to be quiet. Once the stdents were settled and the
lesson had begun Andrew had no classroom contrel or management problems,

In describing the teaching style utilised by Andrew during his teaching practice, focus
is given to the following | o
- general features;
the questioning style;
handling of students’ responses;
handling of students’ questions.

General features

All the lessons were expository in napwre with the exception of lessons which were

specifically designed for students to work individually on activities such as when
studenis worked on exercises. The lessons were predominantly lecture type and teacher
orientated, especially because Andrew did most of the talking, The teacher centredness
of these lessons and the degree of student involvement will be iltustrated by soms
excerpts used to exemplify other characteristics of Andrew’s lessons.

Andrew sezmed to have great difficulty reconciling what he had all along thought was
a good method of teaching with the new methods acquired from the HDE programme
as reflected in excerpt [12:24] on page 98.
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All the observed lessons were theoretical even though there were sections which lent
themselves to simple demonstrations such as electrical conductivity of aqueous solutions
of hydrochloric acid and ethanoic acid, pH and neutralisation, Students therefore relied
on what Andrew told them and what they could recognise, usually with help from
Andrew, from the lesson as it progressed. It was apparent that Andrew was revising
far exams, .c;n'snri'ng that they became familiar with the strategies of answering exam
questions which is what the school was geare.: to. It is clear that standard 10 was not
the most suitable observation class for this study. |

'Each lesson began with some revision and consolidation of concepts deait with in the
previous lesson and gradually lsd to the concepts to be discussed in that lesson. The
follow.ihg excerpt {aken from the third lesson on acids and bases as an example of how
Andrew introduced one of his lesson and how he developed it into the day’s theme of
protolysis and acid strength, S1 and §2 ' : excerpt below denote different students,
not necessarily the same students in di¥' . or subsequent excerpts.

A As far 8 you are concernsd or as far 88 you can T
remember how are acids defined according to Lowry Lowry-Eronsted
and Bronsted? Acid -proton donor

- 8L; Acids are proton donors,
Al Acids are proton donoss.
2 Bases are proion acceptor. . .

X . _ . So acid base reactions are
A Base is a proton acceptor, [Writes on the board as in haracterised by proton transfer.

Base -proton dcceptor

Fig. 5.2] Valerie how are acid base reactions
characterised? [pausej By what are they
characterised? fpause] Acid-base reactions how are  Figure 5.2 Class notes
they characterised? Or what happens in an acid base

teaction?
v The acid donates the jons to the ...
A What ions?

V: The hydrogen ions. . S

As The hydrogen ions. In other words, what is a hydrogen ion? A hydrogen ion is a... (Ss: proton) &
proton, Ok, So the acid donates a proton to the base ok, So what do we call that process? The
movement of a proton from an acid to a base? ..... What do we call it?

Ss: (chorus) conjugation conjugation conjugation .

A:  Catherine what are you talking about? {They lauph] We said an acid base reaction is charasterised
by an acid donating a proton to the base ok. What do we call this process? Let me ask you what
happens to the proton in that process? The proton is (Ss; transferred) is transforred, _
"So acid base reactions are characterised by proton transfer.” {Writes on the board, Fig. 5.2]
Mazuza? '

M: Yes sir. ,

A ‘We have a certain nue for de posesn dnvolving proton transfer. What do we ¢all the reaction in

- which protor: transfer takes place? .......

" M:  Acid base pair.
A:  Is that what we call the reaction? [L.3:1]
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- And this is how he introduced the fourth lesson:

<o Ok, 'We will start today by just revising the concepts dealt with the last timee. ..., When we started
the discussion Inst week we wanted to find & way in which to compare apids with bases ok. To

~ compars especially the strength of one acid with the other oze. ..... [L4:1]

Excerpt [L3:1] is long and it has been deliberately left that way because it is illustrative

of other characteristics of the lessons such'as the style of questioning, cognitive level

-of the revision questions, thestuuents" responsaandmeapproachAndrewfollowed
in responding to the students’ answers discussed below.

It will be noticed in [L3:1] that during revision Andrew wrote the responses to his
leading questions on the board for students to copy if they so wished. He used the same
staategy for writing notes on the board while the lessons progressed. He also allowed
them time to take down the notes,

Interpretation:

Being a matric centre the school wo:hng structures and stadents’ mind framm are
geared towards exam preparation. Both these features dictated how Andrew taught.
Also the lack of resources for teaching science might have contributed to Andrew’s
refiance on the lecture-discussion mode of classroom insl:mdﬁonfl'l_iis was unusual
because these subtopics were excellent opportunities for discovery learning according

to his expressed beliefs especially because the students were agsumed not to know much

about them, Possible reasons for this could have been students rejecting his attempts
to involve them. By relying on the teacher talk teaching strategy Andrew acted as the
main source of knowledge. He told the students almost all that they needed to know

because even the cues he employed were teacher initiated,

By revising previons lessons Andrew maintained a good link and continuity between
his lessons, Andrew also ensured by writing on the board that students kept a record
of correct information for later use in preparing for their examinations.

Questioning style

In describing Andrew’s questioning style aftention is given to the cognitive level of the
question, frequency of questioning and the direction of focus of questions, Andrew’s
questions tended to be addressed to a few individual students. Only 9 ont of 24-27
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students were personally asked to respond to questions. Andrew seemed to know these
few students fairly well. He seldom posed a question to the whole class or waited for

‘students to volunteer to answer questions, As will be noticed in the excerpts which

follow, he usvally called the stodent to answer just before or immediately after posing -
1.hequeauon. Andrewseemedawarethathewasmgagmgonlyafewsmdmtsmclass

discussions. Heexplmnedhlsachonsbysaymgﬂ:at

Lock, thers are-T do pick on certain stadents um to answer certain gusstions [....] And I think ons
of the reusone is becsmse wm I didn’t make an active attempt to know all stndents. (So you don’t
really kriow all the shudents?) I don’t know them by name [...] Sometimas it doex come to mind right
Myoumﬂ:e-mybelshoﬂdhavemadeﬂueﬁnrtnnwmrubethemﬂmI:me.'.Butimﬂnlly

when X wasn't here full time, I just came in, delivered a lesson and then left... [12:25]

Tt was surprismg_thateventhonghhehadbemwo;lﬂngmththe s_tudents everydayof

the week and sometimes twice a day he still did not know the names of all his students,
Andrew’s style of questioning varied, It can be observed from excerpt {L.3:1] above that
the cognitive level of the revision questions and, as will be seen in excerpts [L3:9] and
[L4:6] below, theleveltquumtions used during the lessons was generally low. They

| were ]argely knowledge questions requiring recall or recognition of a specific and

correct snswer, There were, however a few questions requmng explanations showing

- students’ understanding and their ability to apply the knowledge they may have gained.

Excea-pt [L3:9] below illustrates some of the problems students encountered when

- eonfronted with questions demanding more than recall or recognition. For example after

a discussion of acid sirength and X, values studenis were given a task of arranging five

‘acids in increasing order of acid strength on the basis of their K, values. The task

required students to display their understanding of the relationship between K, values
and acid strength and they were unable to do that, When he gave tasks like this, he
moved around monitoring students’ progress in the task. When he identified a student
or a group of students having difficulty he helped those students there and then. But if
the problem recurred in another group he tended to interrupt the whole class to address
it. It will also be observed that in theprocess of helping students in the taskheresorl:ed

to usmg low level questions.

As [enee ]Amgethsacidammderofmcmmgmmgth.[smdennmmbemmgdﬁmny
Checks if students know what they have to do]. Velerie, Your K, gives you some sort of velue of
whether it is a strong acid or it is a weak acid, Isn‘tif?Ok.It‘yourK,valaalsbxgwhntcanynu
teil me shout the acid strength?

Ss: Big, large
A: - Tthas s high acid sireagth, Ok.l'nmherwrds,1fIhnvetonﬁlneshm,ForsomeacidsHAmy

acid strenpth is 3-my K, value is 3 right, But for some other acids, HB my K, value js 10, Which
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of those fwd‘wﬂlbeﬂ:emongeracid? _
BB .
HB will be the grong acid. Why? Becanse my K, vaiue is (Ss: high) is high. It:sb:ggerlhanﬂle

K, vaiue of HA. [LL3:9]

b

Anothermsuethatemagﬁfmmexomptﬂlusiheﬂsueofwmtﬁme. Andrew’
wait time varied from 2 seconds to seven seconds. In most cases he did not have to
‘wait jong because stodents responded guickly. Sometime he posed questions while -
writing some notes on the board to get students tothinkaboutthequesﬁonwhﬂetaﬁng
down notes. '

Interpretation:

Mdrewposed questions that he was sure students would answer successﬁﬂly. 'This line
of questioning could have been an attempt to provide and maintain a classroom
environment that was conducive to leaﬂﬁng, though not necessarily contributing to
learning (Lederman, 1992). Also contributing to the supportive learning environment
is Andrew’s ability to phrase his questions in diﬁérentways to enhance comprehension
of the questions by the students. The success of answering questions in class can
motivate students to take part in class discussions whereas high order questioning may
discourage this particularly when the success rate of answering is low. Another possible
factor that may have led Andrew to indulge in low level questioning was his assumption
about the student body as stated in [12:15] on page 106 above.

" Handling of students’ responses:
As stated above, most of the questions students responded to were teacher initiated.
Andrew employed three ways to deal with students’ answers to his questions. These
were ' '

reiteration; _

redirection after rephrasing the questions and then leading students to the correct

- answer; and |
challenging students’ responses and then guiding them towards the answer.

It can be seen from extract [1.3:1] above thatiftlw-stﬁdwt's response to the guestion
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wasconect,Andrewre:taamditasmhxsreplymSIandsz.Ifthemsponsewas _

partially correct he posed a further question to lead the student to the desired response,
'forexampleValmesandSs responses in excerpt [1.3:1] above, If the answer was.
incorrect ke challenged the students by repeating the student’s answerinaqﬁesﬁoning
manner as in Mazuza's case, before retracing his discussion and leading them to the
answer. A moare illustrative example of the latter point is shown below in excerpt
[L £:6] on a discussion of the concentrations of the hydronium and hydroxyl ions in 2
neutral solufion. |

A {]Thmmﬂulymneomtraﬁonofﬁehydmxylm..(mn,dwnldbe(“)Nowﬂ:e
. hydropium ion concentration is 1,0 x 107 mol dm®, what can you tell me about the hydroxyl jon

& - concentration 7
M Probably twics that. _
A P:obablymﬂu&aﬂﬁh‘&emnﬂymwdmrhy&mlmomumﬁmhequﬂmm_-'

 hydronfum ion concenfration in other words this is equal to thst [pointing to the equation on the
* board [H,0*] = {OH] = x representing that] Ok, (ya) Right. So our hydronium jon concentration
~ i equal to 1 x 107 mol dr®, What can you tell me about the hydroxyl ion concentration 7
M: Jf will be the sama,
As 'k gonna be the eame, Inothumrdntwmhelxw’mnldm" Ok. [LA4:6]

The question that Mazuza had to respond to was also a recognition question. It was
only after Andrew "led him by the hand to the answer” that Mazuza was able to see it
and then he probably did not understand,

AsmenuonedbeforeAndrewusuallderectedquesuonstoparucularsmdents The

chosen student was not always successful in answering a question, as shown for
example in [L3:1] and [L4:6] above. Sometimes, Andrew redirected the question to
another student or opened the question to the whole class usuat’ly after some rephrasing
and the inclusion of further cues. For example:

A [-.] Now if somethiog is net neutral-the solution is ot neutral what could it be, from your past

experience what could it possibly be, Busi there at the back? Busi if your solution is not neutral
[some s5 say sometiing insudible] what conld it possibly be? (nentral) from your past experiencs,
it’s not neutral [waits for student to respond] what counld it possibly be? Philip do you want to help?
It's not nentral (it's not peuital?) er ya,

8: I think it’s because maybe the, what is it ...

A Ciic, What T'm asking 15 that if something is not neutral in accordsnoe with wiat we have done =o
far and remember we only talked of acids snd bases the-if it’s not neutral Abel what o we call that

S ons?

Abel:  acid

A: "The-it could be either acidic or

Ss: Basic. _ . :

As Ok, (Se: Oh! frealising how easy it was]). [L4:7]
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Interpretation:

AoommonfwmeofAndmwsrwponsetosmdents’correctanswarswastomtatethe _
answer without making any changes. This must have been Andrew’s wiy of -

. emphasising and reinforcing an appropriate response from a student.

Challenging an incorrect response was Andrew’s way of telling a student that the
answer was wrong without humiliation. 'The technique of leading the students almost
step by step to the correct answer was possibly a way of encouraging smdents to try
again. Very often the students then arrived at the desired answer successfully. This
strategy could have been Andrew’s way of compromising for relying more on theory
for his lessons. -

Though he rarely used it, i technique of redirecting questions had the effect of
enhancing students’ prrhciration in ¢iass, "L.2 rephrasing or repetition of questions with
minor changes was a common occurrence and was possibly aimed at making the

~ questions more accessible to the students.

Handling of students’ questions

The duration of Andrew"s talking in the lesson depended on the aims of the lesson, For
those lessons where he had exexcises for students, he talked less. Those lessons are not
described here. The initial lessons on acids and bases were devoted to theory, including
a brief history of acids and bases, In those theoretical lessons Andrew did most of the

talking. Tn spite of this, the classroom environment allowed students to pose questions

during both individurl exercises and discussions.

Don'twaitonmewlfycuhave'sfmbimraimymhmdso that . .« .attendtoyM.Butiﬁthis '

perticular case identify your acid base pair, [He moves aronnd to indiividual students - explaing snd
shows how they should go sbout doing it and how one becomes the bese and acid, Smdents djzcuss
amocg themselves as well. Some hands go up, he checks them. Smdentaalcquesﬂononﬁfhat

happens in ‘water and water?] [1.2:6]
Though the lessons were tnostly teacher centred, it is clear from the above extracts that
Andrew endeavoured to engage students in the learning process through teacher injtiated
questions. Students also became actwely involved in the lessons by posing questions to
Andrew whenever they wanted. They even felt free encugh to challenge him on some
aspects oi the class discussions. The questions asked by the students usually required
clarification of issues either directly related to the lesson or from students’ previous
knowledge or on issues that interfered with their understanding or from sheer curiosity.
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Andmwmaynothavebemmhwpmvidethewpbmuﬁtyforsmdentswdiswvm
things for themselves, but he certainly created a relaxed, comfortable and possibly
en;oyableaﬁnowherecondnmvemlenmmgashedesmbesmncexpt{n Gjbelow as

a strategy for effective teaching. |
Good strateglios would involve the discovering of things for oneself {(Mh) I think another good
strategy is try to make sure that err ¥ think £ kind of atmosphere that would be conducive to ert
Scarning. To me that is & relaxed enjoysble stmosphere. [11:86]

Andrew’s responses and explanations to stodents’ guestions vasied. Sometimes ke vsed
anaiogical explanations. Analogy is defined by Geniner and Jeziorski as
a mepping of képwledge from ons dornsin (the base) ito another {ihe tecget, which conveys that
& system of relations that hold among the base objects alss hojds among the fargst objects. Thus an
analogy is a way of noticing relational commonalities independently of the objects in which those
relstions are embedded. (quoted in Dagher, 1995:261)

Anexampleoftheuseofanmalogywastheﬂhxstraﬁonofhowamdsuengthls

determined:

.'Bshe]]a. Sorxy sir, why is it that in theso two sOIMODS ... . [inandible}]

A: You sée that is precisely what we want to avoid. Wellﬂm'sthcmequeﬁonthatlheyauked.)fou
want to sy something is & strong acid o%. Listen, if we are talking about Xolani st+d talking ~bout
Abel here, Ok. Aud now yor want to compare Abel and Agnes and Xolani. You've got to compare
them with something, You've got to compare them to the stme thitig. You can’t compare Abel and
Yolani by using #~old Schwarzenegger and using me for example [students laugh} you know. And
then on the basis of that Amnold and Xolsni are strong compared to me [Ss continue laughing] Now
if you compars Abel and Agnes to Arnold Schwarzenegger then he’s gonna be weak, But it be just
fhat Abel is just .... [Stodents’ lsug Mer causes insudibility] .... Ok Abel, you see that’s what I'm
saying. We've got to have a referencs point. In this case we want 1o look at acid and base stresgth
byiodmgumgmof&mmgzmmmmﬁmm,suwemjustloo}:i::gatwam-. Right.

we [L3:5]
Analogical explanations were not only restricted to responses to students’ questlons.
Another instance where Andrew used an analogy was in attemptmg to illusirate
equilibrium concentrations by means of chalk pieces:

++er» In other words what you have is you have a piece of chalk, This piece of chalk dissociates -
- right (Uses chalk pieces to explain equilitcium cozcentration, bredks thp chalk piecs into two
* pieces.) For each one piece of chalk you have anothe- pisce. [1.4:6]
Here he explains proton donztion analogically:
So in other words the donor must be {...) taking part in the same reaction. o in other words it's
8 process whereby the acid gives the proton and the base accepts the proton simultaneois)z. Ok. &t’s
almost like me giving this chalk to Xolani [He expleins anslogy giving chelk to Xolani], Right, It
bappens eimultanesusly. Jt's not like in a cass ‘vhere the acid gives the preton and the proton floats
around there somewhere first and then after a little while it arrives at the bsse, [1.2:4]
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Analogical explanations were 10t a common occurrence. There were few instances
- which were easily adaptable for use as analogies. Analogies have the potential function
of clarifying science concepts provided they communicate the message properly
(Dagher, 1995). That is why it is important to show how they relate to the phenomenon
being explained and how they do not. In the case of acid sirength Andrew managed to
shory how theanalogymlatedtothepomtofmfmmoeforthemmmon that is the
waﬁeragmﬁstwmhamdbasedstrengthismmured donating a proton to or abstracting
a proton from water. Howevetﬂmremalsothepownhalfor smdents to equate acid
strengthtohumanstrmgﬂmmﬂlebatﬂefortheprom between the donor and th=
acceptor, which is contrary to the spontaneous nature of such reactions. Another
suitable strategy to explain abstract concepts was his use of quantitative examples. Such
examples employed arbitrary numerical vaiues, usually number of molecules, to show
the acid -base strength, Fe acknowledged the inappropriate use of molecules instead of
moles, as he has done in excerpt [L3:6] belaw, as an attempt to make understanding
oftheunderlymgpnnmples easyforthesmdents An example to show this was
Andrew’ 8 response to Xolani's quesﬁonontheuseofthehyfmmumlon *omdgeamd

strength:

Thﬂafomwhaveamungamdwhatdoymmwtabmﬂmhymlmmmmﬂ*
hasw
High, high, high. '
Ohﬁymhnveaweakamdwha:doywexpectshmtymhydmninmomcmm
Low, low, low. -
methatmrhowdnwajudgeihatthehydmn&umm:sluworhlgh?
That is exactly whers we are going, How do we know quantitatively, in other words we can mpeasnre
which one is a etrong acid and which one is (weak acid) is the weak one, Ok. Now cbviously if we
were nble to determine the amount of the hydronium jons right, then you should be able to say ...
whether it is strong whether it is wesk. So now in other words you may want fo tskes & 100
molecules of HC] and add it to water and I find that 99 of them dissociate. In oiher words I have
-99 moleciiles of um hydronium, Asd the sami¢, I also teke 100 molecnles of ethanoic acid, Tadd it
to water I find, of courss it's a weak ecid and less hydronium jon say 50 hiydromuim jons then I will
know that this is my stropger acid beceuss I bave more hydroninm ions there than X have there for
the saxe amount. {L.3:6] : _

2

rRgerg

Interpretaiion:.

The use of concrete examples. seemedagoodstmhegy to explain how the degree of
dissociation of acids relates to the hydronium ion conceniration and fhus acid strength,
Andrew used specific examples of acids: hydrochlozic acid and ethanoic acid (as stated
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in the syllabus) which already have specific K, values, in conjunction with arbitrary
numbers to represent the pumber of molecules underyoing dissociation. The example
is not representative of the actual situation it the dssochaic~ of hydrochloric and

'AS mentioned above, students’ quesﬁnns required Andrew to clacify aspects of acids

and bases. But sometimes the students’ questions deviated slightly from the lesson .

theme. The following axfract attempts to illustrates this observation.

A: vesasasr. Then in other words the reaction will always go to coipletion ok, In that cass what can you
sy =bout the acidity? (....) The scidity would be (...} In other words a strong acid, Is it logical. The
more hydronium ions you find the stronger the equilibrizm. So in gther words you expect this
equﬂ;briumreacmfmthahydmmmnnsmgomﬂmnghtforamﬂgmm%

X You judge with the hydrontam.......

Az ‘We judge the acidity by looking at the soncentration of the hydronium ions

X: ' 'What if there was 20 hydronium iops ......?

Estella: ‘What if there was no HCI and H,07

A What if there was no hydrogen chioride (and water) and there was no water

X: Yes. Would we judge with the hydronium jons slso?

A Look, in an acid solation whst happens is ur the acidity is defined as teausfer of (proton) Ok, What
¥ou are saying is if there was no proton here how would we have (if there was no water) if there
wis o water there ... _

8 ‘What if it was something Jike H,0 + CO,, would we get HCO, + OH What would we say in that
casp?

As ‘Well that’s something else which we are coming ..... we are not looking st bases ok. Tust Jeave that
one out. Right, Um We are locking at what happens to acids when you add them to water. Ok,
‘What you will find is that you have hydsonium jons formed and chlorine (sic) ion formed, Ok that
is when you have your acid and your water. That is what we are Jooking at now. .... not venhire
into something else. And we say in ..., onée you find hydronium jons and chloride ions um because
your hydrogen chioride dissociates ok, And the degres of dissociation, in other words the more it
dissociates the greater will be your hydronium jon concentration, The greater your hydroslum jon
concentration the greater will be your acid strengii,

V: So which means it aaly acide which react with water? (A: Only acida ... ) React with water,

A No no that’s not what we are saving, What we are saymg ...

v Iwmmknowifwmsmtoﬂymmommmm

Az No. mlmmmmmwmuapmmismfmdmmymhavemmdbm
reection.(Ok) So it doeen't matter who is invoived or what is involved. But for our particular
situation we want to see that what happens when hydrogen chloride reacts with water? Ok, And that
is the dissooiation that T have explained. Ok. And the resson why we use watsr is becanse water is
gonnsg be, we will cover that Jater, is gonna be um the reference point from which we dre going to
measure sverything else, You are going to see what happens when you put another acid in water,
Ok. Just so that we have another reference point. [1.3:4-5]

This extract also shows students challenging what Andrew has been discusging thus far
in lesson 3. The students want to know what happens in situations which do not involve
- water or will not involve the hydronium ion. Too many questions were preseanted
almost Simultaneously, and were not so much focused on the Bronsted-Lowry theory
of acids and bases under discussion. The simultaneous presentation of varied questions
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made it difficult for Andrew to answer any of them directly. So he opted for diverting

the question relating to bases for later discussion, ignored the others, discouraged

students from asking questions which could result in deviation from the lesson and
: _ continued explaining proton transfer in acids and water. Andrew’s avoidance step seem
_ to have led to Valerie’s question which sevolved around the necessity of waier for
| acidic properties. Valerie’s question forced Andrew to address Estella’s and Xolani’s
questions. ' |

Sometimes Andrew was confortable in telling students that he wan not willing to
venture into foreipn territory. At some peint in the lesson he had difficulty in

mspm&ngwanothetqueshonposedbyasmdent.

X: Is amphipretic different from amphoteric? .
Al Leat’s divide this, Lat’s look st what ampho- comes from [paise} [...llt’ssdmn\reoftheword
1 e« alee for amphibian has dusl characteristics, ok. An amphibian can live on both water and on the -
¥ land. Now .... [.....] amphoteric [..] ... dual characteristics and -terric is what has got to do with
‘. territory, ok. But I'm not going to teach biology, I don’t kuow biojogy, 'We either have 1o get out
' o of that before it is too late [smdents Jaugh]. Let me stick with what I know., Amphx-meandual
characteristics aud -protic just means proton. Ok
X ‘Why do they say pmhcbem:ntcanactmﬂwruanuﬁorahase?.%.... eanacteiﬂ:erasan-
acid or a base?
Ar thcButymmdermdwherethewmdmmﬁom Amyho means dual characteristics,
and protic just refers to the proton, Thefactthat:tmboﬁxaeuptanddonateaprombk

T'm not going to veniture jnto those territory?. [L3:2-3]
The above excerpt also show Andrew’s skill in providing some iseoretical background
before arriving at the answer to the student’s questibm Andrew’s skill in using
underlying principles was exhibited better in lessons directly related to the lesson
theme. A more illustrative example of a situation where he discussed the answer from
first principles involved the discussion of the conceniration of the hydronium ion and

hydroxyl ion concentration in lesson 4:

A oee HyO concentration iz gomma be higher than
- hydroxyl ion concentration right. And the reason
| Gonminekyrosim ity - yom expect ytrontum,  [(ORSEBTRON i such & way tat [E0°]
] jon concentration toincrease, Ok, That's what we kre |~ [OH]. Such solutions are said to
going to zay next. '
8:  }'s confusing because they are equal. _ Figure 5.3 Class not&s
As Ya., No. They are equal in a neutrsl solution, [...]
Can we go through this again, Neutral salutions, yor have hydroniam jons and you hsve hydroxyl
jons ok. Now we went on the presumption that becanss acide gensrats hydronivm jons then where
hydronium ior is generated the golutions shonld be acidic. Ok. But we find no, Qur definition says
3 that when the hydroninm jons and the hydroxyl ione, when their concentrations sre equal then the
. solution {8 geutral ok. So the fict that there’s hydronium jons is not good enough it's gone up a Little
: more than. ... the hydroniam jon. What we said was when we add ipitially we did it with water ...

adding of an asid increases the H,O* §
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neuteal, There's the hydronium jon being eqnal to the hydroxyl jon, I mean the concentrstion ok,
But when you sdd acid more hydronjum ions are penersted ok. Therefore the hydronium ion
concentration niow becomes more than the hydroxyl ion concentration. And therefore we have
assumed that in an acidie solution our bydroninm ion concentration is preater than cur kydroxyl jon
copcentrstion, .. Write it down ... and if you do not wnderstand it then we can come back to it
Fwrite on boand spd students copy a8 ia figure 5.2]

Ok. So accotding to this definition in a neutral solution our concentration of hydroninm jons is equal
to cur concentration of the hvdroxyl ions. Any problems with that? (Ss: No). Acid solution the
(H,0*1 > [OH). Now. Ok. B.1tin an acidic solution our hydronium jon concentration is bigger than
our ydreoxyl ion concentration. Thatisthedlffareumbemnaneuu-alummluhonandmmdw

solution. OK. ......JLA4 8}

- It was rare that students presented Andrew with a question he couldii’t really answer.
A sitvation like this occurred when he was challenged by Mazuza regarding the
spontaneous nature of proton transfer. The question came up in two lessons partly

because Ar-vew did not address it the first time. Andrew was not confident about the

answer to \..e question. He did not want to prolong the discussion, either, as this would
have been of no significant benefit as far as the lesson was concerned. Below are two
extracts from different lessons showing the context of the interaction. -

Muasuza: What causes ...(Pardon) ‘What causes the proton to be donated?

il [Rm&mm]mmmthepmmbedmawd?mawmmhsmdﬂmcmlmghslﬂmmhmy
what happens is your hydrogen ¢hloride dissolves in water, dissolution, ok. Digsociatés ... becanse
of the reaction ... I we need that it is something that we are going to look at. Just bear that in mind.

T will remind you when we get 1o that section, [1.3:2]

Mazza: Sir, my answer i§ not yet clear. The question that I have T want to know what initiates vm.

the release of a proton betwesn the twvo water mojecules?
Ax Egsentisily I said ..., [Mazuza continues but is quite inaudibje becanse of traffic outside. He was
' ssking something to the effect that ] ... you have a proton being trensferred on the other side to one
water, the game proton can be transferred to the other. If there is a case whereby there ig transfer
of proton ..., K it happens simultanecusly, why should we conclude that there will be hydronium
ions formed? During this time there is some dinlogus ..
Maznza; o« matter of transferring it back transfer of its own proton, What initiates that? ... They
might have equal forses .., will they be sble 1o do that? (Andrew invites Mazuza to see him
later, Then continries lhis explanation of acid/base/nentral solutions: writes as in fig. 3.

A; Ok, Look at the same tise ... what you are saying is true. Transfer of the proton is not only one
way. Transfer of proton ; becanse of the equilibrium transfer of proton takes piace the ons way snd
the:evememyok.Somoneparhcnlarume ,.does
that saswer yoor guestion

- Mazuza: Let me say [A interrupts}

A It’s the same question as what initiates a chemical N ]
reactioi. 1t’s the same question (yes) [The dialogue Hon such fhat [OH]. ,[H’Oﬁ'
continues sronpd this issus ] It happens uch solutions are said 'mb‘b"m_
simuitanecusly .... evei if it happens simultapsously -
nothing would be avle to happen because I mean if Figure 5.4 Class notes
it heppens simmltansously-it's like that yon know
wha.tI’muymgit'shhthat.'[mmfwu1ookatihewatermohculeyoumjustgomgtomﬂm

© ' two water molecules you are not going; to see that the transfer (Yes) of the proton

Mazuza: Ok. Now why shoul] we conclude that um that there will be a hydronium formed? ......

As Peciuse iike we said you are assuming that reactions takes place simultsinecusly bit it doss not .

Adding a base incresse the OH
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-Whﬁhappemuﬁatmbmmuym‘mnymgﬁnprmmﬂerhwﬁmmmﬂymm
" words one water molecule donates a proton to the other water molecules and that's not how it
hwﬁmammwmmyuammmmm:umwmu
first trapsferred is taking place yon hear whet T'm saying, One tranafers the proton to the other water
" molscule and thet water molecule doss not necessarily transfer that proton back to the original water
molecales, That water molecule might get & proton from rnother water molecule etc étc. [....}
Mazuzs: ‘What T want to know is what initiates that inieaning proted transfer]
Al What initiates it I think it is the elecirostatic forces ..... .... What Pm saying it's intersrolecular
' mmwmmmmmdwmﬂnepmﬂ&% o« the kinetic energy
' Mam;*mu-gﬁniﬁuﬁbMYaMmighthaveoqnﬂﬂmsbmﬂmymightmanbe
orjeiuated ids Wly. ,... they will not all be orientated in & certain way aic stc #f71iiza we are geitinp
in ancther rouadabosut. Come 805 e afterwards (0k). [L4:8-91 '

Interpretation:
The questions posed by Mazuza: were bnlhant questions at that level. They were quite
complicated and required more complex concepts to explain and way above the level

- of the syllabus, though this point should not be an issue. It should therefore be quite

understandable that Andrew whistled as an indication that he was not expecting such
a guestion and that he might not have had a direct answer to the question. He avoided
the question for a while, but when he evénmallyattempmdtoanswwithe was not very
confident. He further bought time by asking to see Mazuza later, both in the interest
of focusing on the lesson and of searching for a suitable way o answering Mazuzz's
.question. |

It Iw‘a's also rare that Andrew did not answer a student’s question, but there were

instances where such occurrences were observed as shown in the example below:

8; ‘What je the concentration of water?

A: The concentration of the witer remeins constant. Um If the conceniration of the water remains
constant then we roske the concentration of the water to be equal to some constant k, [1.3:8]

Imterpretation:

Andrew’s response does not answer the smdmt’s question. But because the student did
not persevere like Mazuza, s/he did not get the answer s/he deserved. The actual
answer would not have made much of a difference in the understanding of K, but it
would certainly have bizen helpful to show how and why the concentration of water
does not change despite some .acid dissociation. The evidence available does not

however qualify a conclusion that Andrew did not have the correct response to the

question because the question was not pursued to exhaust Andrew’s knowledge in this
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aspect. : _
OtherstmtegmAndmwusedtohepsmdentsonuackdunnglesmmcluded
quesnonslikz.

'Xolamwhatdoyouthmklmmbythat ..... " .

“You see that Laura?..."; "Does that make sense)....." You understand that?

..." "Is it logical?... "

5.12 Profile summary
Andmwmmeﬁomachurchmnpnvateschmlwbmhdldnothavemmhtoofferm
teaching science through inquiry and discovery. He did not have aay particular

recollections of good teachers. His expectations of the physical science methodology

course were based on his own teaching experiences. He was looking for ways to
improve his teaching styles and address problems encountered in teaching content, such
asdeﬁmenmesmexplmmngsmmceconcepts

Andrew holds the process-product conception of science. Tnitially this conception was

dominated by the science as a process view. That is science is a process of establishing
~ facts though investigation and experimentation. He was not convinced that science facts

were science but that they can be related to science. By the end of the year he appeared
to bring the two together and expressed . conception that knowledge established
through science processes is also science and that it tries fo explain natural phenomena,
Baut none of his lessons gave the impression that he believed that science involved
observation, experimentation and investigation. He focused only on the knowledge
aspect during these lessons, and possibly how such knowledge changes with time when
discussing theories of acids and bascs.

Underlying Andrew’s views of science teaching and teaching in general is the

conception that teaching attempts to get students to change, improve their knowledge

and enrich their experiences and skill either by simply presenting knowledge or guiding
~ the students in the process. Describing téaching without anchoring on learning was -
diffienlt for Andrew, particularly in the first interview. But later his theory of teaching

appeared to have expanded. Andrew views teaching as transmitting knowledge,
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facilitating the learning process by providing opportunities that allow students to
discover what is intended by the teacher, These conceptions portray th.epolymorphous
natureofwachmgandlts depmdenceonlemng (Hirat, 1971). Thus mendmgthese
theories “~ learning, he sees learning as knowledge acquisition ‘and Gonstruction,
realising and understanding what is taught, He also demonstrated a belief that stadents
must be actively and mentally involved, and therefore be aware of the process of

accumulating knowledge. The views he expressed regarding leaming, at the beginning

of the study were more theory based (considering that he ha just attended lectures on
theories of learning though he believed he had these ideas prior to entering the

progmnnna) Later they were morepractml. The ideas that learning iz a mental -
activity and that students must be engaged actively was aiso demonstrated in his

teachmg practice Jessons, _

Andrew tanght for about three years before professionalising his teaching career. He

-also taught part time while undecgoing his training, The preservice training thus served

as jnservice training as well. However he could not put his newly acquired skills into

practice because the students rejected student cenired learning where they were required

to do more work. They were more willing to accept what he told them rather than take

_ 'anactwemrtmthmrownlearmng This frustrated and dlsoouragedAndreWpamcu]ary
' becanse he was confident that he was a good teacher, His only problem was that his |
| didactic teaching style conflicted with the advice from the science methodology classes.

He also believed that changing from teacher oriented teaching would make him a better

teacher. This rejection of his efforts to change his style meant limited applications of

student centred strategies. The other contributing factor was that the situation in the
school was geared to drilling students towards mairiculation exams and there was
therefore 1o time to try out different teaching methods. Furthermore the school had no
facilities for discovery learning which depended on equipment,

Andrew experienced personal problems leading to absentesism and even thoughts of
withdrawing from the programme. Regarding the programmie itself Andrew appreciated

its practical nature and the insight it provided even though he was unable to try out
many of the suggestions from it. |
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" He was teaching physical science to std 10 and mathematics to std 9 and 10, Apart

from lessons designed o have stuueris working individually or in groups, his lessons '
were mostly expository. During the lessons he used Jow level questions to promabe
student nnderstandmg and get them involved in the class discussions. The lessons were

_alsovexytheoreuealwithm;rmchmlm“m Swdentshadnoolzporwmtyto
' mnstmctknowledgefromthenownobservabnnld:seovery They relied on him as the -

mamam:rceofknowledge. Thoughmeschoolmdmtprmudemmmﬂloppommm
iaotesthlsbehefsaboutsmencetwchmgandleammg he made efforts to lead students

 to think towards desired answers. Andrew compromised h:xrahznceonﬂworyforhls

lessons by structuring his quesgions to lead students to & "correct” answern I-Iealso m

 to get students to give their opinions before he gave an explanation. He also encouraged
“ students to ask questions, Most_ of the time he was successful in answering stadenis’
questions, Andrew’s teaching style also reflected his belief that the stdents jn the

school had limited knowledge of physical science concepts, He was very patient with

'~ them as shown by his frequ.at use of cues, repetition and rephrasing of questions in
. - attempting to iead them to desired responses. - :

As far as knowledge of chemical oonoeptswas concerned, Andrewwasconﬁdentmhls
subject matter knowledge. This confidence was demonstrated by his claim that the use

| of different resource materials did not add to his knowledge of science but showed him
different strategies of explaining the concepts. However, despite having spent much

time and possibly consulting references when answering the pretest on chemical
bonding, Andrew still scored below the class average in the multiple choice questions.
His post test was also below the HDE class average but better than that from the
pretest. He was absent when chemical bonding was discussed and his test results on thi .
topic demonstrated that he possessed several efroneou. conceptions on the topic. His
understanding of acid base concepts was better, though weak in the area of microscopic
Tepresentation.
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6.0 [Introduction | |
This case study focuses on "Fer:ial®, a young woman enrolled in the HDE programme.

She is training to become a junior secondary physical science and matric biology

6.1  Brief backgronnd;

Ferrial had no school ex perience, certainly not beyond that of being a pupil herself. She
seemed to have chosen a teaching career as a last resort. She developed the idea of
becoming a teacher in her final year of B.Sc study. Her original aspirations were
careers in medicine or dentistry.

She attended English medium primary and secondary schools of her own race group in
the Northern Province. Both these schools were government schools run by the House
of Delegates (Indian department of Education in the apartheid structures). As she saw
it, attending a government school and the lack of certain facilities had shortcomings on
how things were done. She joined Wits in 1990 immediately after matriculation to
obtain her B.Sc degree in botany and zoology in 1993. In 1994 she enrolled for the
HDE programme

62 Ressons for beroming a teacher

As stated above, teaching was not Ferrial’s first choice. As for many other students her
first application for medicine was unsuccessful, She settled for a B.Sc degree, but did
not give up her dreams. As she procesded with the B.Sc degree she submitted another
application to the medical and dental schools and was again unsuccessful. She then
completed her B.Sc studies majoring in biological sriences because she apparently had
a keen interest in environmental smdies. She describes her real Teason for j joiring the

teaching profession as:

After I finished 1 realised there weren’t many jobs-job opportunities as far as B.Sc was concerned,
I was doing BSc. And then err when in my finsl yesr of BSc um tesching became a bit more
plangible err I mean to say teaching is gurite importent and things like that. [11:238a]

Becoming & teacher was an afterthought. Hler eventual decision to become a teacher

was, aoonmpanied by some reflection about the profession and her experiences as a
student at school. Ferrial saw another challenging opportunity this time directed at
school children. She had an ambition to provide the students she would teach with what
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 ghe had missed as a student herself. On recollection of events leading to career choice,

she expressed the following positive thoughts on teaching |
{...] When I looked today and I thonght of the opportunities T didn’t have while schooling. May be
I couid introduce them you know, And reflecting oo what I've been through, teaching is quite
plansible and now with the vew chapging education system and stuff Iiks diat it would be a lot niors
challenging amd different snd (Mb) I would want to go into teaching, [11:238b}

She soon lost interest in medicine and dentistry as alternative carcers. She apparently
bad no intentions of remaining a school teacher, but hoped to pursue a career in
envi-onrnental education in the near future
T will be dealing with you know education a5 such, environmentsl education, dealing with & 0015,
' introducing environmental stedies in schools, [11:238c]}

nter; resation:

Ferrial’s decision to become a professional teacher was dictated by practical
circumstances, i.¢. the lack of other employment prospects in other fields for ordinary
BSc degree holder. It seemed easy for Ferrial as for saany others before her to purspe
studies in teaching and to secure en'q:ldyment. A similar view is reported by Book,
Byers and Freeman (1983). Fertial is also not convinced that teaching in a school could
be a lifetime career for her. However, she seems to have accepted the possibility of
remaining in the educational field.

6.3  Perceptions of the teaching profession

The fact that she opted for teaching only after reaiising that holding a BSc degree had
Iimited employment prospects indicated that initialty she did not think highly of teachers
and teaching. After some reflection on what teaching could offez, her attitude changed
stightly. These are her perceptions of the teaching profession:

I always thought now why do you wasnt 1o be a teacher, but I realised the impartance of it. I mean
we all come having been educated I mean going through schools and surely teaching is important,
But err a5 far as it compares T mesn it seems is a8 non-profession which is nnfortunate. I mean we
E--]1 work vuder somebody, [...] we do not take an active part, we are given the syllabus and told
this is what you teach, we bave deadlipes 1o meet, we have to complete the syllabus, you know run
tests and things like that. As far as the teaching and Jearning process is going on I don't think
teachers are that invelved you know aad they dont have that much zay in the structuring of these
processes und what’s been taught snd things like that. So T think teachsrs should be given more of
the leeway in structuring what's being taught and kow it's being tanght and smff like that, And the
content of .... (Ok.) I think we should be paid more. [...] After all it scems like a 24 hour job.
You've got to think abont what you’re doing the next day you’ve got to take steff home you kaow,
* you’ve got to be working at it all the time. [I1:239a]

Another reason she felt teaching is not considered a real profession was the attitude of
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| herpeerswhoprefmedthemorepresugwus profession of medicine aud engineering

__wasthat:

...} you know you're always confromted with why is it that you wimua teach, why .

tesching, (From who) From people around you know basically people around [...].

Generally when you spesk to peers and other students, stuff Iike that, student who are
' doing engineering, medicine and stuff like that .... try to do teaching? [11:239b]

Interpretation: _ : |
These perceptions displayed in the above excerpts seem to indicate that Ferrial herself

bas a low concept of the *<aching profession and is supported by many others. Ferrial

was aware that teachers lack autonomy in their work place and as such teaching lacks
professional status,© ) |

6.4 Characteristics of good teachers
Fmﬂmuldnotremﬂectmyparhcﬂarteachexwhomshewuﬁmderwhavebeen
a role model for her. Shehadﬂuswsaymncmngateacharshenuuallydlm -

the time but later apprematedhlsacuons

[...]asfa_:aslughschool:samemedﬂlerewas.ateacher?hatreaﬂypntmgoﬁ'marhsattheﬁme.
But wm hiz attitude was such that he really put me off the stuff. But when I came to matric the final
term I realised you know that I Jegrnt a lot in fhat process because he made conditions difficult for
me, er ke really gave me a tough time, he really gave me much work, he gave ue ridiculous Shinge
w0 do. ButIdldlwnzqu:teabxtymkmw,Iwas quite amszed by that and things worked.

[M1:239¢]
This particuiar teachor’s teaching stratepies appear to have influenced her ooncepuon |
of teaching and learning as will be illustrated below. She felt she learned a lot because
she did almost everything herself. The teacher discussed in excerpt [I1:259¢] seemed
to have neglected his students and as a result Ferrial developed a strong belief that a
teacher should be more of a facilitator, address psoblems and be more available to the
stmdent. These were some of the things she did not experience as a._ stndent,

She demonstrated this belief during teaching practice. Jn her own right she tried to

Pacilitate rather than tell, help students rather than leave them to do things on their own.
This point is discussed further in section 6.10 on teaching practice observation.
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6.5 Conceptions of Selence |
A summary of Perrial’s ideas about science and related matters as expressed in the
 interviews ig given in Table 6.1 below.

Table 6.1: Ferrial’s views shout science.

- = = = 0 = R e G el
H : Tnitail Interview [I1] ' Final Interview [13]
. telates to research, technology . somethmgthatmalWayscbangng
something up 1o date, faciual and . somethmgﬂ:athelpsdeﬁneanﬂdescn‘bethe
relevast o} world around us, to make gense of what is
maskes people sware of why things - going on.
happen : . encompasses sociel, political, econensical
- ~ For some it i far fetched, for more : aspeces,
“ intelligent, cardes the image of . involves a lot of skills cognitive, psychmwror,
scientists _ ffective
. in school it is taught as ecience, _ any kind of ressarch. any kind of knowledge
chemistry, physics, basic laws. ' whether strictly science or social anthrepology
. broad kmowledge about science Lilte the subject,
produced by observations, our theorising,
experimenting, practical activities, over years of
- produced by research : accumuiation and progress:
L o :

At the beginning of the study Ferrial held the following ideas about science:

Tust from the t0p of my head? Um {peuss} yesearch ok If you think in & few words, Research,
technology spmething up to dote, something zelevsnt, something factual, mngslﬂ:ethat.
(112398

"This view is different from those she expressed in an assignment she wrote in March,
pnortothls interview, shown below,

T defined science us a discipline attempting to explain various phenomena in our phyeical world and
greater wniverse. [...] Science stemmed from people’s curiosity and the need to structure and
organigs his/her surroundings. It all beging with theory, asstmptions or hypothesia which ig
explained or attempted to be explained via ohjective, precise; practical observetion, investigations
and experimentation. The resulis if worksble and acceptable to the seienti 3 world become norm and
the theory is then stated as factual. [Assignment material March 1994]
It will be observed that these views conform to some of those that can be found in the
literature, as this was an assignment for which Ferrial researched before writing. The
assignment also followed a class discussion or workshop on the nature of science. Later
in the year she presented a more open and somewhat broader view of science as shown
by excerpt [13:2542] below:
...} it (sclence) encompusses & whole lot of thinps wm socially, pohucally, eﬂonomicnlly o well,

Dy .71‘.'-. =
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Talhngmicﬂyof:eimeaswokmw:tmmllﬁmkit’salotofthlngs Tt involves a lot of
skills, a lot of thinkiag, [...] sll the ¢ognitive, affective and psychomotor ekills, and it's something
that’s ever changing it’s always chenging ... Um it's just somefhing that helps to dofine the world
and desoriba the world around s [...}, to make sence of what is going on [..] [Y3:254a],

Undexlying this exposition is the dynamic nature of science and its ability to bring about

understanding of the world. The idea that science is related to research and is

sometbmgupwdatempresmtedagammthelastmterwewmtennsofsmancebemg

ever changing and as knowledge accumulated over a number of years. The view |
presenied in excerpt [13:254a] also betrays a conception that science can explain a

whole array of disciplines. An almost similar belisf is presented by Goodwin (1995)

that science is a network of ideas, perceptions and processes which constitate the

explanatory framework of science. | "

In the assignment Ferrial mentioned buman curiosity as the origin of science and in the ]
last interview she acknowledged the social and political aspects of science. Both these
ideas show that Ferrial is aware that science is human based. .
During the initial interview she did not display knowledge of the terms ‘scientific
" method® and ‘scientific knowledge’. But what is interesting to note is the way science
was taught and presented to her in her school years has made her feel that

[...] for some it would seem that science is a bit of far fetched thing. I mean its for the more
intelligent, its for those who are ...... it, things Iiks that. Dealing with-I mean you’ve got this image -
of scientists dealing with resoarch all the time, [11:239]

In the final interview she described scientific knowledge and its production thus:

B s Seientific tnowledgs is {..] 8 broad um knowliedge about asience, sciencs like science the topie,
the subject science (ya). Bot again any kind of research any kind of knowledge whether it is strictly
science or in the field of say sovial anthropology I would think it’s somne kind of sciemtific
ltowledge. [13:254b]}

Now how do you think er this (thiz knowledge has been prodnved?)

Well its by our observations, by our theorising by our um er doing you kuow experiment and
practical activities (mh ) over the years aceumulating these and going further progress and so forth.

[X3:254¢]
Though she scemed unable to link the two concepts she knew the importance of the -
"scientific method”  (observations, experimentation, theorising) in accumulating
knowledge in science and the amount of time it takes. She also holds a general view
of scientific knowledge, which extends to and includes areas of research outside the
natural sciences. It appears her views have changed. Her conceptions seem more well
defined and expanded. They appear to have extendedt from a convergent view

b

129



': R i
b -

demonstrated in the first interview to a more open and inclusive view later in the year..

' 6.6 Conceptions of science teachi g
‘Conceptions of science teaching and teaching in general are discussed together with

learning here. This is becanse during the interviews the two terms, science teaching and
teaching were treated synonymously. Iakemanyotherteachers Femalhaddlﬂ“iculty
discussing teaching without falling back on learning. The claims she made later on in

the year for her being in favour of learning were that:

[-..] Idoxn’t really like the word teaches or teaching, Ibebeve:tis].ammgﬂzathappm TJearn and
they learn at the same time, [13:256} :

F
A summary of Ferrial’s views about teaching as gleaned from the two interviews are
given in Table 6.2 below. There is very Little change or elaborations of her views
between the two interviews. New ideas are shown in italics under the final interview

‘column,

Table 6.2: Ferrial’s Views of Teaching Science.

_ Interview 1 _ _ Interview 3 :
) teaching involves/requives: Teaching favolves/requires:
i prompting/probing/inducing someone ts prompting/probing thivting in & certain
think about a situation .. direction
the presence of a teasher . .ﬂwpmnemeofateachgr
the transfer/impseting of content/factal . . transferring of concepts that Jesrners are
knowledge/information : - capabls of internaliring
the interaction between the sonrce of . interaction between teacher and tanght
knowledge and the jesrner i{- teacher assuming a facilitator role
facilitating and guiding learners alony . encouraging group work :
* attempts at developing skills by the leamer | . setiing up an environment that will
. - encourage student participation.
o .

Three themes about conceptions of teaching emerging from Ferrial’s interviews will ve
described under the following headings:

teaching is the transier of conceptnal or factual knowledge;

teaching is facilitating and guiding students in the learning process

teaching is providing and developing skills and abilities,
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6.6.1 Teaching is knowledge travsfer of conceptual and factual knowledge
This is the transmittalist view of teaching. In this portrayal of teaching she regards the
- teacher as a source of knewledge and skill, though not the only source. The teacher
~ should have knowledge, particularly specific coitent knowledge such as that in science
~and maths in which learners might not have talen interest. So in teaching
[.»..} there's & lot of like contont and-and factnal knowledge apd stnff that we have to transfer, [1...]
what we as tedchers are doing i directing themi, v we are giving them knowledge shout maths and
science axd things like that and which probably otherwise wouldn’t have taken jnteregt it ... I think

1twmﬂdbegoodwgetpupﬂsmcmwphmbefummbegmthelemmdmuym
construct from there. [11:2414]

- She based the latter idea on the conviction that we all construct ourownmeories on
how things work. From her experiences as a school pupil she formulated analogies to
help her understand how things worked and whenever she identified faults in her
conceptions she rearranged her thoughts, To illustrate this view which also has a
bearing of her views of how learning occurs, the extract below is given. However, the
possible influence of the HIDE classes on the views shehadbeforemenuualmtetmew
cannot be disregarded. '

[++.] T do belisve we do form our own concéptions aad sometimes they may be misconceptions which
cani be [...] fruntrating when you come to school and then Jearn that you are a bit way off or
something, But-but then again you will re-glign yourself in your in your thoughts in what you gather
from the teacher and what you have besn taught.[T1:2415]

She also places exceptional emphasis on the importance of teacher semsitivity to
students’ pre-existing theories, and that teaching should build on to these theories.

-Excerpt [I1:241c] below shows how she would tackle ideas brought to class ty

stodents: _
'I‘ry to assess [...] what theic concepts are by [...] making them work with things that mekes me

aware [...] the way they are thinking-their way of thinking, Introduce-yes the-the concepts that I .

want to teach and sse how they formulate that from-for themselves. And if the y’re way off then try
to bring them by a process-I don’t know test or maybe making them see a different way, well seeing
different views from the classroom and so on. But being aware surely that peopls form their own

concepts [11:241c]

So while Ferrial believes the teacher should be knowledgeable and have the skill of

imparting that knowledge, as does Hollingsworth '(1989) she prefers the teacher

{...] to play the facilitator (ya). Ui so um-Well I have a certzin amount of knowledge over them
and maybg-maybe practical ckills that T've jearned over them. Um ar I balieve yes I aaybe a source
fmnh) in-in-in some in .... theot winting further information or knowledge and skill. (Mh), But I see
myself as a person for - to whom they']l come when they do encouater a problem or they can’t get
any forthor with what they sre busy with. (Mm) Soum, yasasourceofknmrledgeandsldllbutmt
the source, [13:259] (In response to quesiion on how important she thought serving

the studerss as a source of Imowledge and skills}
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Though not ascertained, there is a possibility that she got the strong itclination towards
skills from the biology methodology. |
Ferrial atterapts to assess and work from students’ ideas about the concepts discussed
in class will be noticed in the section on teaching practice observation described (see
section 6,10).

6.6.2 Teaching is facilitating and guiding students in the learning process
While Ferrial acknowledged that some knowledge has to be transferred during teaching,
she has a strong belief in the facilitator role of the teacher. She views teaching as more
than the mere transmission of formal intellectual content.

Ferrial’s experience as a student seem to have had a significant impact on her views of
the teacher and teaching. The behaviour and attitude, both affective attributes, of her
most memorable teacher, though not popular with her as described in excerpt [11:239¢]
| on page 127, appwrs o haveplayed a crucial role in shaping her views about teaching.
The manner in which he conducted his lessons devehped in Ferrial an urge to see
herself as more of a facilitator and guide for her students, and being more available for

their needs while enabling them to do most of the work., _
L...] teachors should be there as their learners] full guide and as & facilitator. [...] as someons [...]
they can tome to [...] have their problems sorted out. [...] But if they have a problem dealing with
. geience processes and they come hack to you (mh) they cun you know er re-address and stuff like
that. 50 [...J I don’t think its er lke er solitary and I know all that T know all the skill 0 you come
to come to me sod Il tell how or-this is how you should do it. Ya sure enough you develop skills
snd stuff like proctical skills and use things but you are there you know as a facilitator. [T1:245]

She was convinced that the facilitating teacher role is very important, She maintained
the same view throughout the study, as the following excerpt illustrates, Notice also in
this excezpt the emphasis she places on student participation and students doing things
for themselves, as she did when she was at school. As far as teaching is concerned

Y think we should be taking niore er-er facilitator rols (ok). Um ok we can give students some facts,
ok, but dealing with problerns and stuff like that in ozder to see how these things actually work,
(Mb). they should indeed do it themseives, or diszover it for themselves [...]. [13:255]

Ferrial seemed to find a compromise between the two seentingly conflicting views viz.
the transmittalist and teacher as facilitator conce,tions of teaching science, Her
preference for teacher as facilitator is, however, very evident. It seemed if she had
things her way learners would be involved in decisions on what they should learn so
that the teacher would only direct and guide the learning process. |
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6.6.3 Teadﬁng:sprovidinganddevelopingsk Is and abilities _
The dislike for the woré ‘teaching’ by Ferrial apparently stemmedfromherprmous
experience with some of hm' school teachers, especially the maths teacher she describes
earlier. In her final year of BSc she became aware how severely limited she was asa
result of what she missed as a student, as shown in excerpt [I1:241d] below:
[+~] Tbetame aware of teaching and what wes lacking in my schooling and stuff like that. J became
aware of it becanse like skills that-in other wonds I hadn’t developed the art of writing or thinking
critically or writing down arguments and doing thi-analysing things like that had become a bit of 1
* problem for me. And Tand I de-decided that had 1 been taught those skills, I meen I excelled in
science and maths, 1 knew sll of it, but T wasn’t-l couldn’t deal with probisms beyond that,

iI1:2414]

 As menticned earlier, in her final year of BSc degree Ferrial realised what had bes

missed from her schooling. She feit she had not developed certain skills she desperately =
weeded in her university career. As shcdescrihesmexoe:pt [11:2412] below she had

. not developed the

]artofwﬁhngotﬂnnhngcnucallyormungdownugummmmd 1 ]mlysmg things [
irhndbmm&ahi:ofapmbhmformoandldecxﬂedﬁmhadIbeentMﬂ:m skills T mean T
excelled in science and maths but ¥ knew ail of it, but I couldn’t des! with probleims beyond that.
Iredlised that and became 2 little bit more err when-while doing my HDipEd now I realised "Hhie!

this is what I've been thinking” and it became a bit more concrete for me. [I1: 241¢)

Her school experiences and the teacher referred to above shaped her conceptions of
teaching to a large extent, As a result of the many unpleasant experiences due to her
timited skills she was convinced that skills were more important than factual knowledge
because _
+s if they have those basics, the shility to think to think abstractly, and stuff like that, With that ac

a life skill (M) they can go ahead and vm deal with problems as they come along. [11:241f]
She believes that teaching should therefore strive to develop and equip students with
skills to deal with problems in different situations, skills to gain knowledge from other
sources and life skills, She seemed to resent the limitation she had suffered regarding
her own skills, Thus in addition to guiding students in the acquisition of specific content
knowledge what teachers should be doing during the teaching process is

[...} providing them with ie in fact skills, ekills such as the ability to-doing-Y don’t know how you
assess those but the ability to interpret, to understand, skills such as that-that would bear on dealing
with the scientific problem, to conceptuslise it to interpret the ecientific problem (Mh). Since dkills
like to know that they are more important thar. teaching them the factual knowledge becauss if ey
have those basics, the ability to think to thit.£ abstractly, and stuff like that, with that & a life skill

(ML) they can go ahead and um dest with problems us they come along. [I11:241g]

In summary she feels that people do not portray a just view of teaching and that
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teaching to be good if conducted in certain ways, thus:
I ]ﬁymdeﬁn&[ﬁuﬁﬁng]npaﬂngwﬂhhoﬂedgemﬂmgmmmmdgsoﬂm
abﬂitytodosomeﬁuug ﬁrhmulfthenmchingugmdxfu’sdmmﬁatmy [13‘256]

6.7 Conceptions of science learning

As the reader might have observed in the above exemplary excerpts, Ferrial’s
discussions of teaching were linked to Jearning. A similas Sizture was observed in both
Andrew’s and Mary’s views of teaching, Discussing these two concepts separately is
difficult if not impossible, though this does not imply that they are mutually inclusive.
The following table summarises the views identified from the gqualitative analysis of
Ferxial’s interview transcripts, -

Table 6.3: A Summary of Ferrial’s Views of Science Learmng

Initml Intemew [11] ' N F‘mal Interview 3]
I.eammx roguires of involves I.earmng requires or mvolves
LI forming own knowledge from interacting knowledge construction
with the environment
internalising information B . gein/taking in knowledge _
thinking about or reslising something sbout | . realising something about & situation or
& gituation pracess
acfive involvement of the learner - occurs when students work in groups, do
thmomthnhngorwurk,mamdy
:  invelved _

Ferrial's conceptions of lmmmg will be discussed under the following themes:
learning is constructing knowledge for oneself
learning is intemalising knowledge
learning is realising something about a sitoation.

6.7.1 Learning is kﬁow!edge constmction for onesclf

~ As can be noted in excerpt [I1:241h] below Ferrial views learning as the process by

which knowledge is constructed. She secemed captured by the constructivist’s views
about learning, In giving her theory of teaching she highiighted aspects of learning thus:
[...] there’s a lot of like content and-and factual knowledge and stuff that we have to transfer, I mean

~ pupils, kids form their own knowledge from the way they interact with the-the society and stuff like
that, from their own backgrounds [.. ]andifleﬂwthd:owndwmesImean&ay‘dbeacung

spontansoudly aud form knowledge on their own.[11:241h]
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' These views also expressed in excerpts [11:254a and b] on page 129 indicated Ferrial’s
‘awareness of the dynamic nature of the constructed knowledge and her belief that

knowledge construction and therefore learning is influenced by the background: social,
cultural and religious. Accompanying this conception is the perception that teachers
need fo be sanmnvetothebackgroundandnee&ofthestudentsparﬁmﬂaﬂy because
some of the ideas imparted to the students in their home and community environment

| maybevaaedandmoonﬂﬁmthacceptedﬁeasaboutmenuﬁcphenomena

She viewed learning to be at its best when it < based on experience and interaction

‘between pupils. Children learn best when they do things for themselves and when they

work in groups. ' P
[...] & lot of learning happens in group work. I noticed that a lot of kids communicate with each
other, disc-discuss with each other and er & lot of learning happers there wm it needs to be more
pupil ceatred and where pupils do much of their own thivking more of their ovn work. And I'ra sur-
1 believe that iz when learning reaily happens, (ok) and er pupils are actively involved. FI3:255]

. What emerges from the above description is that Ferric] conceives learning as

knowledge construction liy learners, Knowledge construction is a continuous process
infleenced by what the learner already knows and that the best conditions for leammg
are those awouragng learner interaction like group work,

6.7.2 Learuing is internalising knowledge
Ferrial earlier acknowledged that teaching involves the transfer of kmowledge. For
learning to occur the transferred knowledge needs to be assimilated and accommodated
in the learner’s schema. Also mentioned above, for knowledge internalisation to be
possible the level of the knowledge should be compatible to the cognitive level of the

* Jearner. She seemed very surprised in her responses fo the itern on a lecture on

molecular orbitals given to first grades [Appendix 1C:4]

. 'Well T don’t think they have the foundation or um, it may be too far fetched for them they don’t
bave the-the struciures (Mh) to be tanght molecular orbitals at that age or you Jmow from what
they've already learnt, I don't think that & grade one kid knows anything about molecular orbitals
uniess it's 1994 ad I'm 54l behind. And erz-so I don't think he's teaching them anything or that
they are learning anything either because they don’t have the foundation structures, they haven’t

* internatised anythmgabmtyouknowasafoundahonwheretheycanleamaboutmolecularofbitals

[11:243]

1 don’t wnderstand it and I'm not in grade one, Um [panse] on molecular orbital theory, it depends
at what Jevel he’s teaching molecular orbital theory. I don’t know if he can take it down to grade
one Jevel tut I do believe in the bit-in the when Piagetian themes that um you know theze are stages
of development and T don’t think grade ones are gonua take any of this in (Mh). I don™t believe any
science teaching is taking place if he is - he or she is lecturing on molecular orbital theory st the
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hvdwakww-waaremppond to kmow n,maamallmpofg:aﬂoomﬂa.he’sjustprobably

'Noﬁcehawtheteachmgandlearningconiplemmtoneanotherasfarascontentand

factual knowledge is concerned and how she maintains the same ideas between the two
interviews. | |

To facilitate the learning process of taking in knowledge by the learner Ferrial believes
that it is important for the teacher to carefully select and adapt whatever is to be
presented to the level of understanding of the pupils. She nonetheless, cautions against
loss of quality due to excessive simplification and lack of truth thereof as she describes
in excerpt [13:260} below, mreq:onsetoteachmg!askonadapﬂngmatena]stobe
learned to level of student (see Appendix 1D).

L...Jit's very important becanse they have to get some kind of understanding and some kind of hope
they"ll formulate their own pictures in understending it. But wn not to the extent where we don’t
give them the truth or the real thing so (Mm) Is it you know knowledge as it stands but vm I think
it's important to-to adapt it to their level so that you know its a stage of understanding (mm). You
Imow we can go fitrther from there. It’s the way I have learned nsing anelogies and bringing things -
down, Tt’s how we learn it’s how we read a book or pictares (ok) and images. (But it shouidn't be -
gt the expense of truth) of the-ya of (I mean the truth and both ..... ) Ya. {ya) ... They should be

maﬁeawmoflhosethingsmnﬁoughym’renottaachmguormﬂmgﬂmthm{ya)theyshould
be made aware of it.[13:260]

Ferrial also believes that mtemahsmg knowledge requires the possession of some
knowledge base that can be applied to understand a different situation as indicated in

the excerpt below. _ _ .
.. they [students working on problems from wxtbook] sre applying what they have learnt and from-
ok probably teking information from the texthook then applying err that knowledge that they bave

gained to wark oyt the problem. (Mh) So they are using their ability ...7,... 86 they are developing
something and er what they are now doing is etr something thatﬂ:ey‘llmmahsehowmdothis

problem. (Mh) So they are learning. [I1:242a]

6.7.3 Learning is realising something about a situation

Excerpts showing these views have been taken from the section on interviewing about
instances and non-instances of science teaching, The instance of focus involved a
student watching a TV programme [see Appendix 1C:2]: |

‘Well what happens well I w-watch most-I can’t just put-watch these programmes about how they
make plastics or bread and er yes er to an extent where you sco the process happening, Ya we are
learning sbout the process it's like er ya *Oh now I know how they make that plastic®. You-you
kind of learn something, ya. (Mh) .. Immwheremy-my cay of coke comes from, how it
wias made, Now that's something. [11:242b]

Welithepnpil:siemmgsomeﬂ:mghopeﬁlﬂy He’s watching something, he's hearing it and he's
visually seeing it. T'm. mire if he's interested he's sitting athomewatchmg a program oa chemical
plantsumthathe’sleamingsomathmg [x3: 257]
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‘This view is complementary to that of constructing knowledge on the basis of pre-
existing knowledge, When something is realised it means that information is integrated
with pre-existing knowledge and it makes sense. It also agrees with ideas that in the
learning process puior concepts are altered for better ones (Brickhouse 1990). Her
views of leamning have become enriched, but fundamentally unchanged. The teaching
practice experience could be responsible for large part of the expansion of her ideas.

Ferrial’s conceptions of science teaching and leaming seemed to be stable during the
study and only became slightly modified. One possible reason for this stability is that
 the first interview was conducted twelve weeks after the BDE programme had started.
This means that teaching and learning theories had been discussed in their classes.
However,astrongmﬂuenoeofpnoraxpenmwasalsodemwd No valid assertions
canbemaderegardmg this point.

6.8 Ferrial's Experiences

Ferrial’s experiences of the HDE programme were obtained from interview data and
2 journal she kept for the university based HDE courses and during her teaching
practice. Most entries in the joumal were of a personal nature.

Before desctibing Fervial’s experiences of the HDE programme it would be logical to
give her expectations from the programme courses. At the beginning of the physical
science methodology course she was asked, together with the rest of the class, to write

down what she hoped the course would offer her. Ferrial said

What I would like to gain from this course is 1o be able to Jearn and teach science in a less
patronising, friendlier munner. To acquire skills that would make learning of science more pleasant,
jnformative, approachable, real and doing so without any misconceptio=~. [...] I wonld like to be
able to coterupicate sciénce concepts and langnage in a friendlier mat sr, to make scietice more
seesble for the scholars i.e. using everyday known concepts and making the .. scientific, {....J to
make science a more practical experience, dypamic and interesting by varios Tvilods, skills which
I hope to gain through this course. And I hope to tesch mygelf as wr™l. And also develop my
comifidence,

~ AS can be seen her expectations from the HDE programme were broad. Below is how
she describes the teaching of science. _
Science at school was spproached very hesitantly by meny. It almost seemed to have the lsbel of
‘explosive’, *fragile’ and ‘do it at your risk’. I for one had a great ‘phobia’ for science which T until
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today seem o be fighting. Perhaps daing this course and being sble to teach the subject thereafter -

would in many ways help me overcome this fear. For some reason or the other science teachers
were slways so patronising,

The expectation reflects how little confidence Ferrial has about teaching science, how
she hopes to alleviate a phobia developed during her schooling and be equipped so that

shedoesnotmchsdemeinthesa:newayshcwasmmht,whichshemgardedas

unacceptable.

"I‘hedesc:npttonbelow ofFemalsexpenenoes:sp:uentedmtwoParts expeﬂenees

ofthemmpushamdwursesandt&anhmgpracﬁoeexpenenm

681 Experiences of the Campus Based Courses.

Femal’s experiences were influenced by her expectatlons of the HDE programme.

~ 'When she joined the programme shehadanumberofexpectauons she hoped would be

addressed. Very few of her expectations were met as will be shown in the description
below.
Her ﬁr.ét ]oumal mu'y was

" As fataaﬂ:oﬁethoddlows are concerned, I believe I expacted something different. I don't know

acteally what, but at the moment I foel 25 if I'm being treeted like a sehool kid (sic). I mean here
I am equipping, mfoumng,prepmgmyselffoﬂheroleoﬂeachmbntmrmbﬂng asgessed,

markedfarthecha:tslputup! MJ:1)

Amﬂarconcemwasexpressedmﬂleﬁrstmﬁemew

Iwould have thonght that the additional studies would equip me more as asc:enceteacher liks you
know dealing with say misconceptions, what these are generslly in science, err how to deal with
them, kow to be more compétent in ths science ¢lassroom as far as setting wp experimeats, more
prastical, comething applicable. I mear something I can take back when I'm leaving. [....] I thought

additional studies would be where I would be given a little more of science coaching (more of the

content?) Ya (that you need in the schools?) schools Ya, va. I mean I'm nof, I fear it a bit but I'm
doing science up to std 7 and stoff, but I'm in a bit of {pause} fear of it because what if I don’t
know enough or something that's not in the sciences, I always have that horror but esr kI would

have thought thai it faddiional studies) would be more constructive in a sense, [[1:246]
While she acknowledged the importance of the theoretical aspects of the course in
enlightening themonthepossihi]ities of what they would find in real classrooms, she
also expected to deal with actual classroom muxaﬁons which she oonmd&red mors

relevant and applicable.

1 think it [sclence methodology] should be 2 bit more constructive, Um we actyslly don’t even ge
out to olasees, I mean schools and see different schools and things like that, engaging in that. I'mean
we don't do that. (Mh) We only go to specific schools when we want to prac-teach. But yon know
actuslly sitting in on classrooms err seeing what bappens, giving lessons. Oh! for biology we got

138

e



.

quite a bit of practice with it giving lessons and eritique and stuff liks that. I think those wsre-thma

were good, [11:246]
I wish they could have told us ahttlemoreofhuwtodothmgsorw g0 about and with sff like

that, [13:261] |
The above extracts indicated what teacher training meant for Ferrial, Being equipped,
informed, coached in science teaching, being given hands on school experience before
actually going out fo teaching practice. In a sirigle phrase Ferrial expected the
progfamme to provide her with everything she would need to become a teacher. She

- did not see much evidence of being fraited to become a teacher. Ferrial’s perceptions

are in agreement with Steinberg’s (1985) observation of the tendency among student
teachers to regard constituents of courses in relation to perceived relevance. The
excerpts pr’ese_nted above also reveal Ferrial's anxiety to become the perfect science

- teacher, who has sufficient content knowledge, is sensitive to students’ misconceptinns

and competent in pi‘actical- work. She had hoped for rzal classroom practice.

Ferrial was more receptive to those sections of the programme which dealt with issues

directly relased to the role of a teacher. That is those complying with her expectation.

Some of the sections she appreciated included

..« Some mini lessons like in Biology that were very usefil, They had emphasis on group work and
encouraging skills and practical work that was very useful, {13:260]

The way the mini lessons were designed and conducted seemed to correspond to her

conceptions of teaching and learning as described in sections 6.6 and 6.7 above and her
expectations of the programime. She found mini lessons so useful that she did not seem
to mind the repetition, which was frustrating her in the textbook analysis and test
construction, described later in this subsection.

There were more frustrating experiences for Ferrial than positive ones. One, which
could have had resulted in unpleasant consequences came when she was almast hatfway
through the programme, when she realised the demands the programme piaced on her.
Excerpt [11:247] below, though startmg on a positive note, shows the exient of the

depression that she went through.

Like I said I was made more aware of er more of the idea about teaching and learning process itself
and stuff like thae, that’s good. Um but as far as, like for biology, putting up charts, er running 2 -
Iab and things like that, {pause}, maybe I'm a bit lazy in that I don’t actually want to run a Iab. You
have to collect animals and things like that, (Mh) Um I don’t know it's er it’s becoming a bit
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Ferrial found the biokugy methodolugy activities more demanding. Her other frustration
were linked to her perception of being treated like a child. Other contributing
occurrencesweretheamountofrepetlhon,lecum tendency to be vague, and
uncertainty about some issues. These four points are explored further delow.

Being treated like a child

Ferrial felt she was ready to become a teacher, an adult. It was early in the study that
she entered in her journal that she was not getting what she had hoped for in regard to
her professioual preparation for teaching. In excerpt [MJ:1] above she actually
underiined *school kid’. The feeling of being treatec like a child emerged again in an
interview

T'm gonna be & teacher soon, (Mh) an adule” you know what I mean. [11:247]
This feeling of being treated like a school pupil was expressed again:
! ‘ogl as if I'w. .. ing treated as a pupil/stadents and Not as someons who peeds to be provided (uot
iated to) witk the mere basics of edacation, teaching/iearning. Guided is more like It, Helped,
I just don’t fes] comfortsble in this course
Pve never suffered so many mood fiuctuations in a day)ifMJ:1]

1t is clear from the excerpts above that Ferrial fel¢ belittied by the approaches used by
her methodologists and the kind of activities she and the other students hac o do. She
was also frustrated because the kind of assistance she needed went beyond professional
levels, and it was not forthcoming. At times she felt she was being thrown in a sitsaiion
where she was not getting the help she thought she deserved from the lecturers. She
came to this conclusion about the physical science methodology:

1 thiuk this conrss is lacking personsl tutors, Yes that is what it zesds. Fortunstely this diary bas

provided a vent.
Butamtorisreqmredwgludeandhelpthe'HDBmdem' ..... s/he will be stepping into the role
of teacher.
Someonetohelpmﬂiaﬂﬁnrsandpmblemsthepmonmaybahavmgssa
person/etudent/teacher.JMI: 1]

| Notwehow her views of the {eacher as facilitator and guide emerge stmnglymthese

journal entries,
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Repetittm
It must be very dxiﬁcultformethodologlstswd:aw ahnebetweenwhatmtoomuch

what too little and what is just right in addressing preservice teacher training aims and
objecttv&s and satisfying students’ expectations. This is how Ferrial felt sbout some

aspects of the HDE programme and the way it was conducted:

As far as the whole entire HDE course is concerned we are dealing with a lot of repetition. I mesn
a8 fur as this textbook aatysis or text analysis was concernsd, we did it in core science, we did it
in bivlogy and we did it in science all within o week and it is frusrating and it has happenad before
with cther topics zs well [...}. The work was too much. (Mh) There was just so much going on. I
miean like it was repetition [...] Jt becomes-its frustrsting me becanse yon spend so much time on
httlemsnmemsandtypmgupsmff,mdthnzuﬁhﬁat.ﬂr!don'tknowujmbewmuaht
frustrating. [11:246-7)

T found the lesson “setting test”, mmﬂhummﬁamﬂ@mmmm
biclogy wes agonizing!. [.. ]Ifcoremeneemmeantwaddress ccaamonalities in gl the courses
ofmmehkewtungatut,xemnphmgm It has failed!! Tt has failed to avoid repetition and
address common irsues in order to cut down work load, [IMF:2]

‘Ferrial appears pretty upset from these excerpts. Appareitly Ferrial's perception was
that unnecessaiy work was created for the HDE students, and this work was more for
assessment purposes than to benefit them toward their professional training. Indeed the
workload could have been reduced but the reasons behind the repetition should be -
considered though not explored in this study.

Vagueness and uncertainty |
Ferrial had what she perceived as "pretty upsetting encounters” with M.
As a result of these she became uncomfortable with the course and ursure of what was

expected of her. Some sensitive issnes entered in her journal were

Found M1 to bs quite vague iz instructions. Never guite get what she’s aiming at, what the chject
of the lasson was cr jsl

Received my assignment on prac, I've failed!! X still think M1's much too vague.

I do believe T've addressed the question maybe M1 finda me vague!!

I also approgched her for the. curricniom package and I found her quite nnhelpful.

J dread I'tx beginning to take "a dislike” toward herl

She’s vague, overbearing, unspproachable, I just don’t compreherd her!

Headed for depression!

M1 had a problem with my file! Which I think is quite unwarranied, The.waylchoosetoordermy
file iz personal and makes sense to me, I'Il be using it and rearranging it if meed be! And it ie
ordered in & way in which anyone could find their way, I don’. ses the problem! M1 wants it her

way. [MT:1]

 There seemed to be some misunderstandings between Ferrial and M1. Ferral might
have bad 2 problem which M1 was not addressing successfully, Maybe the help M1
offered was misinterpreted to portray a domineering and unapproachable attitude. This
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Being "dismantied" by chemical bonding classes
Amongotberthmgs Ferrial did not seem content with the class discussion onchenuml
_bonding as the interview excerpt below shows.
T can understand the flack off right answe-of the right anawers the way  to do things. You koow
I mean i if-for example the chemical bonding I feel Thave been totally dirmentied, Thad a pictures

of chemical bonding and what chemical bonde are, totally dismantled it’s not all been put together,
YmknawIﬁlmkmaz’smreallymwspmblemthatneeds to be addressed with the HDE,

[13:260] -
1hese were Ferrial’ s feeling about the class discussions. But as described mchaptnr4
a mimber of issues were addressed relating to how certain aspects of chemical bonding
~ could be addressed in the secondary science classroom, Ferrial’s perceptions could be
attributed to the fact that she only had a chemistry 1 background, So her chemical
background may not have been sufficient to enable her to appreciate much of the
dis_cussions around chemical bonding. .\lternatively, she may not have recognised that
learning to teach is different from the school learning she had been engaged in and she
could not adjust to new learning requirements {Calderhead, 1991). '

Preparation for school e.y.crience 1995
Part of the aims of core science course was fo have teachers who have been in the
teaching field for thejr first year share with the preservice teachers their first year field

expenences Again Ferrial was uphappy in the way it was organised in that

[...] And there were students who were brought in from fschool] R and other schools. They talked
about teaching and stuff like that, they brought out their documenis they talked about y.u know
about their teaching experience, their first year teashing experience basically. But I don’t mean to
be recist in any way but here I sat at the back, thers were only two Indiane there in the class and
they talked about TED) and sverybody chatted and laughed about the TED and then they you know -
teacher’s mestings and stuff liks that which we were totslly excluded from (Mh) as teachers. I'm ¥
not a teachet but T know they weren't and I felt you know we could have hed people from-from .
DET and different teaching orgavisations um or departoients to relate their stories as well their ¥
friumphs and tribulations as wall. And I think -to make us more aware of where teaching has been B
the last few vears and where it is going to as well. (Ok) All we've heard is the TED [13:261]

Ferrial’s school experience and expectations from the HDE courses had an impact on
her perceptions of the course and her experiences. Her science teachers portrayed an
inaccessible image of science as a mystical subject for only 4 selected few. As a result
“she hoped that undergoing preservice teaining would help her shed some of the phobia
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she had developed. She had afso created 4 model of the kind of teacher she hoped to
become - one who facilitated the learning process without intimidating or patronising
the students, one who while making the learner more involved and responsible for their
own learning, would be more available to the sindents, one who would refate scientists
science to students’ real life experiences. |

6.8.2 Teaching Practice

Settling in the school _

The period prior to teaching practice was tncomfortable and confusing for Ferrial, She
felt she was not getting sufficient support regarding school placement fop teaching

- practice. Theexperimcewasreﬂectedinherjoumalwhereshesaid

I’mmtt;ﬁitemastowhmsl"dlﬂmmdomypmwmhmg!Ifeelunsutoanduncomfomhleat
being at achool R.[MJ:1]

And later she expressed Mfeelings about the whole situation thus:

1 think; more should be dons i help students decide on the schools thcym&enddomgpmsat.l‘m
confnsad, [MJ: 1]

Femaldldnotseemtogetallmehelpsheneededtofeelsecure Apparently she was
to do teaching practice in a school she had not selected and where she felt
uwncomfortable to be. | '

For Ferrial teaching practice provided the first opportunity "for a close up view of staff
relationships, teacher student relationships and sckool culture from a teachers
perspective” as Cole and Kuowles (1993: 642) noted regarding field experiences for
preservice teachers. The EIDE programme equipped her both professionally and -
personally with some useful skills for teaching practice though the actual practice of
teaching was "a new whole cup of tea compared to the HDE course”,

Having not taught beforc, Ferrial was anxious because she was not quite sure what she
was going to teach and what her goals as a teacher were, She feared what she might
face in the actual teaching process. But she found that the environment in the school
was very welcoming and looked forward to the challenges of her first real field

experience of teaching practice.
In the first two weeks or so of the teaching practice period shefeltsheﬂidnbtﬁtin
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well with the system. She couldn’t identify with the *flow of the of the classroom, what

it was she was getting across to the classroom®, Fortunately she was in the reliable

handsofhvom—operahngwhasmﬂlwhosemppmmdenwumgementthmgs
became better for Ferrial,

‘Ferrial was anxious possibly becanse she felt she had not been sufficiently engaged in

real teaching activities prior to teaching practice. But the welcoming atmaosphere and

_supportoftheoo—opermngmhersmademsimpleforhertoﬁtmtothesystem It

appeammatthcschoolculuneandstaﬁ‘canphyaverymportaMmlempreseﬂme
trainitig by helping student teachers integrate into the system duoring their internship.

Ferrial had majored in Biological sciences and only did chemistry 1 in her junior

degree. With this subject matter background, she cou'd teach biclogy up to matric and

physical science in the lower levels of secondary school. Even at this junior secondary

level she was not comfortable with her physical science content knowledge. In response

to an interview question secking her confidence in handling content during teaching

practice she said

‘Weil I found myself really learning a lot of things. A lot of things became clearer for me now than
they were at school. that kind of thing, Well when I first heard that T was teaching a: ds and bases
and reections md combustion to std 7°s I thought "Oh my God I know nothing about acids and
bases™. But I learnt a8 I taught. I'"m glad that this hssbeenmorethatgustam‘:hmgexpemnce
because I've learnt myself. [12:251]

At Jeast she acknowledged and accepted her limitations and was willing and motivated
to work at them. She was very positive about releaming the subject matter, And
knowing that she was not very competent in it appears that she did exactly that duﬁng
teaching practice. In other words she learned as she tanght. Studernt wnchmg was indeed
another learning experience fro Ferrial.
Teachmgpmcucewasalsotheonlyumethatsheoouldtryouthcndeas about how
teaching should occur and how learning can be promoted. She could also try out
anything that she had learned or had been suggested in the HDE programme, In her
teaching Ferrial tried to design her lessons to reflect her conceptions of science teaching
and learning. It was not easy for her at first to make the lessons student centred or o
be fun for the students. This is how she perceived her endeavours:
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Ireslly worked herd you know. I spent hours planping, thinking abont things, it doetn't come quite
easy to me, (Mh) So when preparing a leston I become quite anxious and it tikes quite a while for
-nie o thirk about something when preparing a Iesson, something new and something different
somefhing creative it takes quite a while. Er and how to teach etc etc. Er er well as far as that is
concer-I'm slowly getting I found that the last few weeks I'm not doing much work: it becomes a lot
easier to do the lessons nndﬁmgshkeﬂmt.Ycummorlﬂsmwhsttheclasnubhmdoﬂw

 time gnd things like that.[12:248a]
Whaternergesheremthepers;stenthxetyduetofmrsmatshemaymtachleveher
goalsandhowsheappeantohaveworkedhardatdesxgningherl&smns
WhenashdﬂshewasmadeawareofthmmethodsmtheﬂbEpmgmmmes&msaid
I never really reflscted on my methodology, the teaching mefhods that T was tanght, Maybe I dw
in a subconscions wey, but not with the intention like er T would be doing this as spocifically said
in my methodology notes, {(Mhb) thit kind of thing ke for exaniple like graphing skills = did a5 &
mini-lesson in my methodology which I gave here as well, [12:250]
Whiat is also fascinating to note is thatFemaldxdnotseemtoma]nemucheffortm
consciously employing the knowledge and skill that she acquired from the HDE
pmgramme Analysis ofherteachingpracﬁcebbmaﬁonﬁelﬂnomspmvideevidence
that Ferrial’s eoncepuon of science is facilitating the learning process by engaging

students into thinking, setting up an environment that encourages student participation.

Her jack of confidence increased he anmety throughout the training. But becanse she
was aware of her own limitations, particularly in content, she put extra effort in
designing her lessons to her satisfaction.

She had this to say about the critiques from all parties concerned:

- 88 £ 95 the crits are gone T found the scierce, er, well as far as M1 is concerned she was very
supportive and-and er gave lots of good advics er tiat kind of thing, er always asking what T thouight
bow I would do it differently. I like the idss to be warned that she’s coming, which isn't the case
in biology. (They just rock up.) They just, they §ust rock up and hope to see something innovative
when you may be in the middle of a seetion and just continuiny with work, Then you get critted on
that lesson which is not as exciting as when you began with it and that’s supposed fo give them &
feeling of where you are (Mh) and you know I don’t think that's fuir.[12:248D]

Two issues can be identified from this excerpt. One is that Ferrial seemed to have
changed her attitude about M1. The kind of rapport that developed between Ferrial and
M1 was healthy and motivating for her. During *=aching practice she found M1 "quite
supportive” giving "good advice” for what she described as a "terrible lesson”. Even
when she felt she was being “cut by M1" she still felt it was helpful. The fact that she
now found M1’s suggestions encouraging and supportive she took the advice positively
is enongh evidence to suggest she understood M1’s strategies in conducting teacher
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training. I did not ascertain whether Fegrial ﬂmugh’thi had changed or that Ferdal's

.attitudechaﬂgedasshebegantounde:smdmmm.

The other issue is that Ferrial appreciated being forewamned about the methodologists
visits. Her regrets about surprise visits were that sometimes assessment became based
on a non-exciting section of a lesson which was not reflective of all her efforts in
making the lessons innovative, ‘The visit by M2 was not very encouraging for Ferrial.
She had this to say to show her displeasure: | -

August 9: T did not find M2 mpportive, I find myself at a loas, Ican'tﬁnﬂdlrecﬁonwith
witere I'm headed. Don’t fest competent at all, [TPT}

This sounded like a desperate expression. It could be understandable at this earlyph;se
of the first hands-on teaching experience and having to make decisions about what to
do, how to do it and live with the consequences. At this earlj- stage of student teaching
Pemalhopedformoreandduectgmdanoeonwhatwasapectedofherormore

 constructive opinion on her ideas.

‘Sometimes she felt the her efforts were not receiving the recognition and reward they

deserved particularly because she felt she spent a lot of tie planning and designing her
lessons. Excerpt [12:249] iliustrates this concern more to the point is quoted below:

16/9/94: For instance today I got critted by Ann. I started yemerday with doing dats responss and

- &kills, Today [...) what T did was-the aim of that lesson yesterday was to get them to work in groups
- I assigned them %o be in and then answering all the questions, give them the time to answer all the
questions then gave specific questions to ench group, And then they had to [..Jeonsolidate that
answer and then one perton elected as leader had to come to address the rest of the class which I
thought was a good skill, (Mh) which keyed on today, ok, where I1cft yesterday becauvse they didn't
eomplew. And er (the biology group?) Yes that wes the biclogy group, that keyed up today. And

or well the erit that T got was that it was fair it was just average it wasnt good. (ME) Well Thegun
that thing with the sim and I you know end er its just that its-the Jesson needed to continye it was
nootherwaylaould{pme} (ya) do it. I had to finish the work before, that kind of thing,

[12:249]
Ferrial was apparently satisfied with this particular lesson and she expected a comment
that it was good but she got fess than that. She seemed disappointed, not so much with
comment as with the unfairness of the timing for observation. From Ferral's
perspective the lesson was excellent and linked very well to the previous lesson. She
had high student involvement and students were suco_es'zsful in what they were doing.
Evidently Ann did not see the lesson in the same light as Ferrial.
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Femalalsofonndthedlscusmons sheheldmmtheco-opexanngteachexsqmte
constructive and led her tomproveherlessons

" August 15/94: 'Wentmuohbeuer,ﬁuﬂobetteﬂnmnprep.wmdonel [TP1}

ShewasiEpmvingandtherefombeoomingmoreconﬁdentmdpleased with herself.
This is a feeling that could motivate any student teacher at anytime during training,

‘She seemed to have been geting so much assistance that she was feeling suffocated by
it. She felt she had to follow their instructions and that she was somehow under their

conirol.

August 22: Hang on! Whet am T here for Them or myself. Find I'm not given the opportanity to
ﬁndmyons.li:mwmcguidmemgood Biit I need to experience for myself. But I doa't wanna

¢ meeg up. [TPT]
'I'hough she appreciated ﬂlegmdanceofthemore informed professionals gave her she
did pot want an idealised situation where she did things according to the experiences

- of the cooperating teachers. Shewantedtoexplorethmgsforherse]f explore different -

teaching styles, go through the process of finding out things and be able to reflect on
it later, even if it meant going throngh an embarrassing ordeal. This should not be
taken to mean that she relished the embarrassing process, though she certainly
cherished the experience for the future, as will be seen in sub-section on students’
reception of her efforts below.

She did, however, acknowledge the importance of the critiques in highlighting strong
and weak points and in bringing about improvements in her lessons and instructional
techniques. This is particularly true because student teachers are critiqued more than
once and their assessment is a cumulative exercise. |

Student teaching can provide opportunities to try out various teaching methods and
styles. Ferrial while appreciating assistance from the cooperating teachers, wanted to
try ouf her theoties and ideas. Sometimes she felt she was presented with restricted and
ideal teaching situation in which she had to use well tred teaching methods and miss
the challenges of exploring her potential, or her teaching and learning theories, She
wanted the freedom to be as innovative as she desired. Unfortunately her efforts and
strategies were not received with the same enthusiasm by the cooperating teachers, who
criticised her for not teaching, and the stdents who were not willing to participate in
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her class discussions, The kind of reaction Ferrial received from the cooperating
teacher is 4 normal occurrence among student teachers. Cooperating teachers (and
students) can be suspicious of new teaching methods or drastic changes that may upset
teaching routines in the school (Starr and Clark, 1951). Studeat teachers (and new
teachers) need to master the tried methods to which the class is used to before trying

something few,

Students’ reception of her efforts

From hsr descriptions of her lessons, it appears that she used student centred
approaches in her teaching and she believed the stodents enjoyed and learned more. The
student centred approach to teaching and learning confirms her beliefs regarding the
two processes. She was, however, disappointed to be criticised for doing fun activities

and not teaching in spite of the fact that those were the lessons she perceived as

successful and with which she was pleased. The excerpt below shows her concerns,

"Well T find that & lot of group activity and sctivities where they were left to fully think for
themselves, I'm talking ahout std six biology (Mh) now the kids enjoyed that and er 1 was also told
today that T do a lot of fun activities instead of tesching which I disagrée with 2s Jong as there is

learning taking placs (Ya). I'm quite happy.[[2:249a]
This is how she viewed leaming to be taking place in that lesson:

..] well the crossword although fiun weren't or nesded or required that they er use their books for
the whole section of what we’ve done so as to find answers in order o fill it in, So surely revision
was taking place there. They were using some words thet langiage skills-in which English was
being-vacabulary was being t-propagated there and exr working with someone else as a pair (mb).
The thing #bont competition, working within & set fime ....... .{some deletion by snistake) by the
pupils in & lesson Like that {pause} [...] then I’'m really glad they have learned. I've teught
something. They remember something. And I’m sure when they get the results of this crossword,
the correct answers, it's something they're going to remember, [12:249b]

What was more frustrating for her was that in some instances her efforts to make
lessons more interesting and student centred were received by an unwillingness to
participate by the studeats. One upsetting incident occurred during my first visit for
observations. She had this to say about her experiences of that lesson which took place
on the Thursday' afternoon of September,. 8:
Probebly the most embarressing day. Traumatic and embarrassing. I've had it with 7K. couldn't take
itanymoye. (Victoria was here) I'was real upset. Is it my fault. Beginning to doubt whether talk and
responding ioemoﬁunsrea]lyhelpsuithl;ids! [TPI]
In this extract it can also be seen that Ferrial began to question her ability and doubt
herself as a teacher, Without sounding and being sympathetic towards Fexrial these
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students appeared to have an attitude problem. They seemed determined to make her
feel incompetent in her teaching and she succumbed to their intimidating tactics by
showing how upset she was and walking out of the classroom and cﬁﬂing in the
principal to ‘her rescue’. This is'whatsherevealedﬂuﬁnganinterviewasshe
reco]lected the events in unsuccessful lessons:

‘Well er I did have a bit of 2 problem of control at firat, (Mh) structuring and timing. Well the
rapymgotbauar,ﬂaxacontrolgotbmﬂ:ehmmgﬂm,mewnylgavahomework,whatnaveas
homework. [...] Well er the incidence with the std '7's was or was very upsetitg. I've tried very
hard with the std 7*s, They are known to be a notorious class in the school. So I thought let ms do
my own work, trying to mske the effort with them in technology, as well as in science, preparing
good worksheets, Jet them do the work, would help and jet them get involved ,... it’s a more sn
aﬁiﬁldething-t’\a:kijﬁofsmmﬁomthmn.'&'oukmwyougetheddown,hnaginezﬂergiﬁng
them an instrustion #nd they will look at you like what the hell are you speaking abont (Ya) What
kappened in that lesson was er I jnst felt like Twas in this primary school with kids screaming at ms
and er no one listening to instructions that weve given, and me Baving to screani and I couldn’t

handie it (ya) that kind of thing. It was an sxperience. It was a lot of experience, It’s only made me

stronger, a little bit hardex, I just hope that it doesn’t mean I bave to bo laissez faire about it, It
doesx’t matter, Sure snough differont situstion award different er {pause} you know approaches and

respanses (Mh). Anﬂifsome!hmghhelhwhappmagainmaybel’nheabletohmﬂlethem. '

[12:250]

It emerges from excerpts above that Ferrial tried student centred teaching in the hope

of getting more students involved in the classroom activities and processes with her
participating as a facilitator, These claims compiement her initial views (as detected by

the first interview prior to teaching practice) that a teacher should make use of students’

ideas in teaching shown in excerpt [£1:241a] on page 131, This is confirmed by her
instructional strategies observed during her Jessons.

What also emerges from this excerpt is that Ferrial saw herself improving with time,
which was quite normal. Teaching practice was a learning experience for Ferrial as will
have been observed for many other student teachers (Clark and Starr  1991).

Apparently this was the first time things really got out of control and she attributed
their unacceptable behaviour to the fact that the lesson was in the afternoon when they
'were tired. Sympathetic as anyone can be, we cannot disregard the fact that Ferrial
knew that this was a problematic class in the whole school. It could, however, be
argued that she could have at least anticipated what was cowing and prepared herself
for dealing with such a situation. She was very upset at the time of the incident but on
reflecting she thought positively about it and that it was an unforgettable expenmce
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whichsnewouldexploithifumfe snepmmised herself that she would not in the future
react in the same way as she bad done. 'IhwmcuunterpmwﬂedFanﬂ with invaluable
expenmregarﬂngdasmooml, sheadm%dtobehavmgdifﬁmﬂﬁesat:ﬁrst '

-_Femalbdmvesﬂmtmmnumlmmmgwcumwhmtheacnwhesmpupﬂmued,
whenlﬂamersareactwelymvolvedmthm]ﬂngandd:msmgthemsks ‘Her fancy is
thatlenmetshx_vewproudeanswmandsolnuonstopmbhms Only when they are
unabletodbse,'swuldthewachet-guidethemtothedesiredanswx'Ha'experienee

as a scholar developed in her the belief that one leams a lot from doing all the work |
herself. Shedldnotmjoythatatthehnwbutwhenshemhsedthantpmdoﬁ‘ she

- 'becameconwncedthatnwasmebestwaylearmngoonldoocur She tried to execute

this belief during smdent teaching. Active involvement included practical experience,
. audumsual involvement, working with problems preferably those linked to everyday
-'mrpmencesofthesmdmtsandthmhngaboutthetasks '

6.9 Ferrial’sknowledgeofchmnwaleomepta .
’I‘heanalysxsofthedmamosuctestmv&hdthedatasummansadbeIDWinTableﬁ4f0r '
: rasponsesonthechenﬁomlbonﬂmgﬁestandTabIeGSAandﬁﬁfortestonamdsmd
‘bases. -

150




F‘r‘. o

6.9.1 Chemical bonding

Table_6.4:Summary of Ferrial’s respouses on the chemical bonding diagnostic

- . e L _
, Responses in Post-test [Class average 7.7]
[ e . — w |====_
B I T *C;Ionicbondl.mwm 1. *( allbmdxmiomedduewelecmmform
of Na* and CY' ions heid 2, C: easily broken down
together by electrostatic 3, *C. amolecularsuhdmmesaarﬂygmyorbht:k
attraction 4. *B: ~‘ectrostatic atttactions form bonds -
2. %A process of eliminationt 5. *C: whenabondformaalectmnsmsha:edhy*m
3 #C3 (no explanation) atoms and are attracted by the nuelei
4. C: (oo explanation) 6. *PD: (no explanation)
R -5 . B: (no explanation) T *B: more energy is required to break a strong Hond
§ 6. - A: (oo explanation) 8. *B: inframolecular forces in I, are greater thau
7. - *B: (ao explanation) - intermolecular forces
8 #B: (no explanation) 9. C: (no explanation)
| 3, C: (no explanation} 10. *D: (no explanation)
10, *: (no explanation) .

From Table 6.4 above it will be seen that prior to discussing chemical bonding in the
university based classes, Ferrial was unable to explain her choice of the responses. It
will be noted that for question 1 though the chosen option is correct her reason portrays
& conception of electron transfer in bonding in a sodium chloride crystal. Her response
to question 4 (exploring student’s knowledge of bonding in carbon monoxide) shows
‘that she views sharing of a pair of electrons (option C) is responsible for the bond in
carbon monoxide. And her response to question 5 (on reasons for bonding between two

' atorﬁs) illustrates that she sees achieving an octet of electrons by an atom as the reason
for bonding between atoms, In the post test she refiects some positive chunges in her.
conceptions about the reasons for a bond forming.

Ber response to question 2 does not show much understanding of the microscopic
structure and properties of brittle solids even though she chose the correct option. It
seems the discussion of chemical bonding did not bring about a better conception of this
aspect of the topic. From her response it seems she could not differentiate
intermolecular forces which are easily overcome and thus responsible for the hrittle
properties of simple molecular sofids and the much stronger chemical bonds which are
intramolecular.
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Her response o questions 6 in the pretest showed that she was possibly unfamiliar with
atomic and molecular dimensions. The question stated clearly that 2 molecule was
represented in the diagram. If she was familiar with representations she would have
interpreted the fllustration as that of a homomuclear diatomic molecule but still she
thoughttbatﬂaednstancebetweenthetwonucle;ofmwhamolewmmtheatomic

| ra.chus, T.tus vlew changed but was not supported by any statement,

Quesuon90nme1t1ngofnetworksohdswasaproblanforharmbom &8, The same
incorrect response was chosen that ions move from their positions when a network solid
meits.'I'hxs1mponselsnotcomplmlymmnectﬂwugh1tlsnotthebestanswertoﬂw
question. Tt may be surprising that she did not change her views despite this concept
being discussed and illustrated at length during the class discussion (ses Chapter 4).

In conclusion it could be said that Perrial had some erroneous conceptions about the

natureandongnofthechenmcalhondmbomnetworkandmmplcmolecular-'

substances (exemplified by sodium chloride and carbon monoxide). _She initially could
not effectively differentiate causes of bonding and effects of bonding (electron sharing).
She also appeared to believe in the octet rule as the cause for bonding. All these
apparently changed after the discussion, It could thus be said it was beneficial for
Ferrial to discuss chemical bonding during her preservice training.

6.9.2 Acids and bases
Analysis of Perrial’s responses toPaﬂAofthequesnonnalreonaclds and bases is
gweanableGSA

Table 6.5A: e:mal’s mponses to Multiple choieequ\stiom -

HQuﬁtton* ID_ 2A |™8 J4E |SB jeéCc |7B |BA |9E | 10A | 11A | 12E
A

HRespongsD E B C C |B B B A A E

Correct responses are given with the question number.

Fetrial expressed the belief that the most significant property of aqueous solutions of
acids is good electrical conductivity. It is also very surprising to note that in the
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_rnultiple choice she chose am-uonia as the conjugate base for hydrogeh chioride but
identified it correctly in Part B. A mote serious point is that she did not seem to be
aware that the acetic acid and ethanoic acid were the same substance. She even gave
a slightly different formula for acetic acid as shown for question 3 in T:hle 6.5B
- below. Note also that she did not show the represéntation of aqueous hydmchloﬁ.c acid.
Her reasons for not showing 2 microscopic representation were not explered. It is
worth ncting that during the physical methodology workshops some handouts on the
 acids and bases and their microscopic representation were given. These discussicns also
focused more on practical skills and lees on content. | | '. |

e R Y T TR

Table 6.5B: Ferrial’s responses to structured questions: Secsion B,

Responss.

2| Qu_estit_ﬁ:_ ¥

1 Yes:  releass of H* ions in solution

) v
CH,CO0H + H,0 » CiL,C00" + H0*; NH, + B0 ~ NH*+OH |
|| 3 (@} CI" ek conjugate base; .. CH,COU strong; i) -
4 I HoBOGY Gig *H,0* + CHOT
Acetic acid _
5 8) Colour: presence of Hy0" ion static equilibrium

BDA B i)C

concentrated -~  Jess HO

strong acid - H* readily available in solution, weak conjugate base
b) Not s0, concentrated refers to amount of H,0; strong refersing to the H* ions

No microscgpic representation of aqueous solution i hydrochloric acid was given,

6.10  Teaching Practice Obsurvation

6.10.1 The school _ _ _

Ferrial conducted her teaching practice in a mult*--~fal schoul located out of town. This
is one of four private schools which were recer. . established through a trust fund and
set up to specificaily to reflect racially the population of the country. The majority of
the students in the school reside in hostels. There are 15 teachers fur a student body of
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about 160 students distributed in two streams of std 6 to 10, The number of students
range from 13 to 28 per class. With such a small pupil teacher ratio any teacher should

* be able to give individual attention to students. X is also not surprising that Ferrial

described the school as “one big family where the teachers know the students like
pamntsknowthmkids" Thesmdmtsdomthavewwwanyumformthoughﬁmy
may have school jerseys and blazers,

6102 The laboratory

"The school laboratory is fairly small but adequate for the small number of students it
serves. There are three wooden movable work benches and twenty-four stools. It has ;
a number of fittings necessary fer a laboratory: a fume cupboard, elevated instructors
bench, chalk board, gas taps and water taps at the back, An overhead projector and
screen at front and posters un the walls. All science lessons are held in the laboraiory.

6.10.3 Classroom observations

General features :

Ferrial taught physical science to std 6 and 7 and biology to std 6 and 8. I observed
only four std 7 physical science lessons. Transcribing the. tape recordings of all four
was made difficult by the high levels of noise during ¥ecrial’s teaching practice lessons.

It was not possihle {0 observe consecutive lessons as ~as done for the other two case
studies. The first lesson to be observed, on acids and bases, was disrupted and did nnt
run to the end. Many factors contributed to the disruption of that lesson. Like for
example student misbehaviour and not heeding to her attempts to control the class.
Ferrial’s intolerance of such misbehaviour resulted in her becoming upset to the point
of discontinuing the lesson and calling the principal to address the class. As a result the
physical science co-operating teacher continued and completed the topic on acids and
bases. Another reasont was that Ferrial had several clashes with her classes so that her
std 7 science class was also tanght by the co-operating teacher, as she explained
Er the sad part sbout the teaching prao is that Y had to share lessons because I couldn’t take the fisll

set of three lessone for week for TK or 6A. You pes I couldn’t er nanally my lesson had o be -

conthma: by Stella or completed by Stella. So like where T missed outpemdwslly on & Jesson and
er you kmny. the thing which s a bit sad.. [12:251]
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Another problem interfering with the study was poor commugication so that for some

. of the lessons I amrived very late because of time changes I was not aware of.

As it usually is the case with many teachers experienced and inexperienced, Ferrial
began each lesson by reviewing the previous lesson. For example she introduced the

lesson on neutralisation thus:

B ‘What's the colour of tmomothryntol biue in acid?

5s: Bivo-blue-black-black-red white pink [students simuitanscusly calling a variety of colonrs]

B Bromothymel blue in acids, what is its colour? |

Ss: {students contimme calling out varicus colowrs] In acid it's purple. K’ pink.

E: Take out your notes it's writien down in, your potes {students contimae ghouting answers]

s 1t's it’s milky, [...] _

F: Bromothymol blue turns yellow in acid. Ok. 'What is bromothymo] blue?

L H 1t's s indicator,

E: R's an indicator. Weuselttomowus....{stndentsqmtemisy;m::pleasebeqmet.noym
understand what I'm saying. What is the porpose of en indicator?

8: 1t ig to show us whether a substanee is an acid or slkali,

S To show that there i acid or alkali, .....

F: Shhk. One at & time mmst spesk at a certain time. To show whether a solution i ati acid or an alkai,
Se: Yes.

28 ‘What are the colonrs? {students talk at the same time] (Shtibk)

Ss To show that there is an acid or an alkali. [students talk simultenscusly]

F: One at a Gme. To show whather a substance is an dcid or an sliali. Ifasubmaeismulditshom
yellow in bromothymol blue, if it turned back io blue whit can you tell me about...

Se: 1t's an acid; It an alkali, _

F: What would heppen if it no longer stays yellow in an acid what would you have?

55: Alkali,

F: An-glkali, Ok, Bromothymol blue is yellow in (Se: Acids) scids and what colour is (Ss: Biue)

: {Handing out work sheets] Ok I'm banding cut these worksheets ....... ... [immediately stodents

start talking and outting and pasting] Pleass stop your pasting and cutting. These books are handed
in st the end of the fesson, Thewosnotimefor..,.. You aregomgtndemnhon, [in. a thrsatening
tone]

s M-i-5-9 ...[objection] [8/9/94a]

The above excerpt also indicates the general behaviour of students during the lessons
and their responses to Ferrial’s questions. It further illustrates the general pattern of
opening the questions to the whole class. This questioning technique may invite students
to call out answers, but also has the advantage of prompting the whole class to think
about it (Clark and Starr 1991). Students also seemed fairly fres to call out answers

- despite attempts to have only one student speaking at any given time, Sometimes Ferrial

directed guestions to specific students as shown below.

E: [...] So what is convection?
s: Convection iz the move ...
S2= It' ﬁo L1

¥; Shhb. Neil?
Neil: ~ 1t's the way the hquid is heating up ... when liquids are heated ..
E: Come sgain,
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Neil:  1t’s the movement the lquid makes when heated, :

F: Istlwrcanyﬁ:ingeheanybodywuldhketoadd?mmﬂ

Naxncy: ..... movement of heat in water. '

F: Ok. Edith,

Edith: It's the movement made when water is heated. Whonwaterishwedthemovemnutmkes. _
E: Dick?

Dick: The cyole caused by the heating of water.

F: The cycls ..
Dick: Not the cycle but the process omedbylheheaungofwam
F: Ok. Convection is the proceas in which....

S: water is heated, [Ferrial continues to explain], [15/9/94]
Notice how she aftempts to get as many views from students about convection as

4

possible before giving the expected response. Ehcmng students’ views about any

concepts discussed in Ferrial’s lessonswasacommonpracuceasmﬂbenoucedm
excerpts quoted below.

Fe:ﬁal also had ciassroom management problems with this class. Her skills in
controlling the class, however, improved with time, Excerpt [8/9/94b] below shows
how her attempts to exercise some authority are ignored as students continue trimming
their handouts in spite of her requests to stop. What was more frustrating for Ferrial
was that some of the students® verbalisations were in Sotho or Zulu neither of which
she understood (which I did). She tried not to be very hard on them and allowed some
degree of nvise. But she became intolerant of the cutting and pasting that students were
so engrossed and which prevented them from paying attention to her instructions as she
explained what was expected of them in the practical outlined on th_e> worksheet. She
also expected their perticipation in the process.

F: Paul Khozs, T want you to read the title, we are geiting on to the worksheet. [Students chatting] Has
everybody got the workslieet 50 far? [some students say yes others say noj

Paul:  Reactions of acids with alkaiis.

B Ok. Can you start reading pleass the first paragraph, [Paul resds on} Ok Lofly read the next
paragraph [she reads. Other students are trimming their worksheets and pasting into fheir notebooks]
(Shhh) alkalis [correcﬁng the Loily]. Can you stop pour ouiting pleags Cathy, [boginning to sound
a bit sgitated] can sverybody pleass stop cutting piease! I've had enough of cutting and pasting
you'rs meant o have yout books up to date, {S: shhh] Billy stop. ,.... cant you put your bag down
please, ‘Vusi where’s your worksheet? Verosica what's ....... Cathy leave everything else and pay
stteation. (Cindy [students correcting) Sorry what is your name? (8s: Cindy simultineousty Cindy)
Cindy. T wmt shsolute quiet I'm tired of hearing you spesk, You can’t spesk all at the same time,
LoﬂyIWantynutocmyonreadmgpm [Lolly continues to read. the students are quieter]
neither [another oorrection]. Sally what is neutrgiisation?

Sally: It is when...

F; Say it without reading ymir notes.

Sally: ¥ don't know.

: Ya. But you haven't ]mtened, have yon?
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Sally:  No. [8/9/94b]

Besides classroom control or management problems, lack of co-operation: from the
students is displayed by Sally’s withdrawal from responding to Ferrial’s question on
neutralisation. It seems the environment was becoming tense and unhealthy for learning,
Sensing that she was too upset to continue the lesson Ferrial decided to discontinue the
lesson. She further sought the principal's intervention on the matter. She described this
lesson as the most traumatic and embarrassing for her. It made her reflect deeply about
her role as a teacher and her interaction with students, as demonstrated in excerpt

| [I2:250] on page 149. o,

By her own admissions in the initial interview, clars ¢ont ~ '8 important in
{...] showing you are an suthority, that you you're the one who is controlluag the class, and pupils
should pay sitention to you, Ys I think that's important. Ya it er and T mean there should be a bit
of er row-er-noise in the classroom that allows for interastion with pesre but-but er constructive
noise you know. [pause]. To an extent there should be cusirol otherwiss you. could be sidetracked
completely from-from-if you if you want something done [I1:244]

It appears she got sidetracked by students’ behaviour which she considered
unconstructive. It also seemed that the management problems Ferrial had with this
notably problematic class went beyond what meets the eye. The fact that they made
comments in languages she did not understand, one of them even saying in Zulu (which
1 understood) that "she won’t make it as a teacher” reflected thut there was poor rapport
between Ferrial and those students, Some of them did not ssem bothered that she
walked out of the class because they continued talking and one of the students warned
the others thus:

Hey nine bayasiteipa, Bateip'umsindo nje, [which means Hey, we are being taped. They*re taping
noise.] [8/9/94d]

Three of the observed lessons were hands-on oriented. Students worked in permanent
groups and were given a practical workshest. Prior to students carrying out the
practical activity Ferrial discussed the theory behind the activity and helped the students
so that they should have known exactly what they were to do:
What we are going to do today is Pl be giving you beskers. I want you to break up into the four
groups you weve working in the last time. Shhh. Before you do that you'll be given four beakers.

In this heaker we will have acid and we put in there bromothymol blue. What colour will it bs? [....]
Thes ws are to add a substance which we call an alkeli to this acid and we will ses the colour
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chanze.ﬁ:omyellw back to (Ss: blus). When the colour changes ﬁ-omyollow back to blue we call
this & neutralisation reaction becanse the acid probably or the acid is pow taken away. So when the .
acid and the alkali react we call that a nentralisation reaction. {8/9/94e ]

The fourth lesson was on graphing skills, which also involved the development of the
skill as students were guided on graphical reprzsentation of data. Again in this lesson
she gave students the opportunity to give their ideas on graphical errors. They had to.
identify these from a graph she presented to them and they had to say how they would
draw a proper graph from a given set of data before drawing it.

Ferrial's approach in conducting her lessons coraplements a description by Clark and

- Starr (1991) as inquiry and discovery strategies of teaching. It will be observed in the

description above that as a teacher, Ferrial's use of the inquiry approach is displayed

by her raising problem issues and guiding the sudents in the investigation of those

issues, She then followed the investigation by helping students draw conclusions from
their observation and discussion during the lesson. Her proclamations during the
interviews are witnessed by the attempts she made in assuming the facilitator in
teaching her lessons. There are no implied notions that she was efficient in this task,
There is of course a lot more to inquiry leamning than that in which Perrial engaged her
students, -

Questioning technigrie and handling of studenis’ responses
As was done for Andrew and Mary, questioning technique analysis sought to establish
the level of Ferrial’s questions during ber Jessons. Ferrial’s lessons were designed to
help students learn through hands-on activities and demanded more input from the
students than merely responding to her prompts. Ferrial’s lessons were thus less
expository and miore inquiry oriented as mentioned above. The exc:afpt below gives
some idea of the inquiry nature of Ferrial’s lessons: |
Ok, You knaw that Tiquids are not good conductors of heat, We call thexn insulators, Ok. If you look
at the handout that ¥ gave you, has everybody got one? (Ss; Yes). Ok. The problem we would like

to solve iz "If liquids are such poor conductors of heat why does a kettle of water warm through so
quickly?* [15/9/94) o

The kind of questions Ferrial asked were i combination of recall/recognitior. as shown
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in excerpt [8/9/94b] on page 157 and explanation or comprehension type guestions.
Excerpt [8/9/94f] is given below as an example attempting to show the convergent
namre of some of her guestions (guestions containing piomptsfo- the answer or
requiring recall of what has already been discussed (Clark and Starr, 1991)) and

explanauon questions (each with simple specific answer).

‘Which materials did we say, consider solids hquxdsandgss,mthebes:mﬂuctors?
Matals.

Metals are the best conductors. So in polids liguids snd gases ..

Solids.

Solids are. Ok. Not all because we know that gldss is g golid and it's a..

An insulator. Ok. 'Which is the worst...

Gag is the worst conductor. And in the order we find,..

sive, why does all the water heat up so quickly?

ancy: Tt is because the ketile is usually made of metal and metal canses the water to heat up guickly,
Ok. The liquid itself is niot & good conductor. Why does the liguid then become hot all round .., heat
upnllover:thmdmabadeonﬂucwrofheaﬂ '

'wz HpHpdemunng

"~ Rose: The kettle is solid.

Nancy: Beczuse the ...
- Ok, But Pm talking about the liguid. quuidsarenotgmdoonductorn Whythendoesallthewamr
get hot? Laurie.

Laurie; Bmhhqmﬂmmﬁm,mmvm&mmmenlﬂm.... the heat is sent through
each one from ons molecule ..

F: Teidiso what were yau going to say?

Tsidiso: .

i I‘mtalhngahontthehqmdmﬂwketﬂe

Thehqtﬁdunntagondconducior Howcsntheliqmdgethot? [15/8/94f]

Notice again how she atiempts to get a number of students to express their ideas and
avoids ¢elling the class anything until she is convinced that the students can no longer
give different suggestions from those already stated. Furthermore the answer was
discussed after a demonstration she conducted while students watched closely. Not only
did the students watch but they had to make contributions by describing their
expectations and observations of convection currents as shown by a stream of coloured
water. In the process they also.had to explain their observation to draw up a definition
of the concept under discussion. All this they did with a lot of guidance from her.
These observations complement her claims in the initial interview, see excerpt 11§ 241:-.]
on page 131,
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Ferrial took time to give students the acceptable answer to her question because she

 believed students’ ideas were valuzble in moving from what students know o what the
teacher wants them to know. So she seemed to have made every effcxt to get as much

as possible of what students thought about a given situation and even encouraged them
explzin or defend their responses as the excespt below taken from lesson on graphing
skills, illustrates: |

F Ok.Ihtvetwoquﬁhons,vetygoodquemuﬁs ‘The next thing we nced to do in drawing of our
o mmneedtohuwwhﬂgoumthox-mgwmedwhowmgouonmﬁe...

2 Ok. ‘Which is you: X-ans?
5: Internal

o Ok. T we call it X and Y which ons is it?

Sst  X-axis ... horizontal .., - f

R: Ihatone[pomhngwx-musonmuheadmnspmency] Ok.Don’ttellmwhatitshouldbelabelbd,
just toll me what it is, horizontal or verticsl. -

Ss: Horizontsl, horizontal,

H And the vertical would be your...

s Y-axis,

F: What do you think will go onto the X-axis?

Ss: - [Calling their responses at random] Body temperaturs; Body temperature; It's er.,..; No it's external
tempergtite....no the body,..externsl.. Jt's the body temperature and on tive Y-axis it’s the. external
temperature [and the dabate contipues]

F: Ok. Wait. I've got um Lerato (Yes) and Myra. Myra you say we should have the external '
temperature on the X-zxis and Lerato you say oi the Y-axis, Why?

Myra: Beciuse that No Miss...

B Goongoon,hangonmremalmostmere[emoumgmghermshewunnthenghth'ack.
She continues but is inandible] Lerato you hiave an anewet? What?

| Lerato: Iful!hatmsextmsltemperamreshmﬂdbeonﬂqu .....mdthenmebodytempmtnmon

the Reaxis,
¥ ‘Why would you want to swop them around in the table and put the body temperature on the X-axis?
B: Ok. If you Jook at this table here ....[13/9/94]

Notice also how she prompts the whole class to think about the situation by initially
opening the questions to the whole class before focusmg on Lerato and Myra. This
questioning techmque was common in the Jessons I observed.

Ferrial also related the concepts discussed in class to real life experiences. For example
after she demonstrated convection currents in liquids and discussed those in air she
went on to discuss the domestic hot water system and how a Toom gets warmed up by
a heater. These attempts concur with her beliefs that

we can teach about everyday science in a way where we make people aware of the things that ais
happening not using as much scientific terminnlogy and language. {,..] Not using the actual science
terminology and things like that. But sure enough in order to teach something you've got to
introduce those terminologies and that langusge to & certain degres, Yes you can learn so mmch
about science in a layman kind of way but when you are coming down to pure science that you
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wanna learn then you got to spesk thie language 8o to speak. {...] make sure that you vse the terms
correcily when you're teaching it in schiool [...] And I think err it's equally important that although
these concepts need to be clarified, they need to be used correctly, We should err put them out in
a sense where it"a more-where people can take them in, I mean it shouldn’t be too scientific, So thet
er you know kids or chiliren at sckiool can grasp it. It should be relevant and applicable. Practicsl-
practical to evetyduy (Mb). s:ayaucanteachmmmthatway (Mh) But it should be

bﬂ.mad.l_li 240]

Studentl’arlmpatnon
Theaboveextractsalsoshowthehlghdegreeofstudmtpammpauon, not just

| completing wacher generated statements, prompts and cues but also giving their ideas

which she elaborated on if necessary. Her use of students’ ideas in teaching apain

confirms her beliefs about exploiting the knowledge students bring to class.

Try to assess in 8 way what their concepts are by a form of-msking them work with things that
makes me awars of that, of how they-the way they are thinking-their way of thinking. Introduce yss-
the-the concepts that T want to teach and see how they forrmlate that from-for themselves, and if
they're way off then try to bring them by a process-I don't know test or maybe making them see-seo
 u different way. (Mh,) Well seeing different views from the classroom and so on, (Mb) But being
awatemrelyﬂutpeopleformihmmeonoepts [1:241} '

: Inaddmonmrecaﬂquesuons there were also questions which required smdentsto

syntﬂb_s:sg some definitions from her explanations. An example of such questions is one
she posed after a detailed explanation of convection currents has been shown in excerpt

[15/9/94] above.

What also emerges regarding teacher directed student participation involved only a
selected group of students whosenammFemalwasfmﬂyfamlharwlth Her reasons

| fur doing that were

Imedtoapmdxtmt.butsomeumesIgettherespomma:Idon’tknowandnnmatwrhowlong
I wait I know I'm not going 0 get an answer. (Ok) That has happened with std 6As, you just get
a blank stare and it goes on and on. And if you for an snswer and you try and prompt they seem
‘to get upset, Um Pm trying to think, er especially with some of the kids in 6A they are a slower
class. And because of the prassures of tlie peers around as well, they seem to laugh at them (f they
give an answer) or they don’t give an answer or ya. If they don’t give an answer they get upset the
longer you walt because everybody else gets anxious as well {Mh) And to try and avoid that and to
move the lesson up &s well because you never finich (ys), Well the knowledge also sometimes of
er you know er what the problem areas are and things like that as well. [12:253]

Student motivation

Student motivation was not a common occurrence in Ferrial’s lessons, but when a
student deserved praise she awarded it. This happened when Nancy applied her
knowledge of convection in liquids to explain why the air above a bunsen burner flame
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was hot thus:

Nancy: Wnymwhlmbwhwmsﬁomlmmmﬂm&mdm&emjuﬁm
the fiame gets warm ard it risea. (Ok.) And when it gets to this top it sinks and replaces the air that
was at the boitom so that the air around it becomes wacm,

F Ok.Supet ‘What hsppens here again iz the air just above the flame is heated , whathappensmlﬂ

-} [15/9/94]

Safety _

Ferrial was also safety conscious. She warned the students about hydrochloric acid and

sodium hydroxide thus: | |
Note very well, we are desling with an acid and slkeli. We are dealing with sodinm hydroxide ....
very {dangercus) dangerous. I don’t wart you to consume any of the liquids that T've given out to
you, L.} [8/9/94] _

One interesting observation about Ferrial's lessons was that there were hardly any
student generated guestions directed to her. As a result her shortcomings in the topics
acids and bases concepts and heat transfer were not exposed. However analysis of
sections of her explanations reveal that she seemed to avoid using the terms "dependant-

independent variables" when discussing graphing even though she had them in her
lesson plan. One other disturbing aspect was her explanation of ncutrah.saimn displayed
in the excerpt below:

Ok. We saw that an acid has & specific colour in bromothymo} bine, 1t’s yellow, ok. Whes we add
the substance to it we [pause]l demu-we de-we de-acid basically the acid. So the colour of the
indicator will change to blue, Ok, We de-acid the acid that we are using basically in simple terms.
This substance that de-acids or neutralizes the acid is called an afkali. Ok. And the reaction of an
acid with a base or an alkali is called & neutralisation resction [...]. [8/9/54]

.Sheexplamswhattheywﬂldomreacﬁnganamdandabaseandconunuesthe

explanation of neutrafisation thus:

Ok. Then we are going to add a substance we call an alksli to this acid and we will ses the colonr
change from yellow back to blue. We call this a neutralisation reaction becsuse the acid probably
or the acid is now taken away. So when an acid and an alkali react we call that a nentralisation
reaction, mmdmmmoremmn’smmml.and!heonlythmgﬂmtcanmakutnentalls

an alkali. {8/9/94] -
This reason was given to std 7. It was also suitable to discuss acid—hase reactions in
qualitative terms. The only danger of Ferrial's explanation of neutralisation is that
students could develop the conception that neutralisation reactions of acids and bases
all the acid reacts leaving some excess base giving a blue colour with the indicator.
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6.11 Profile summary |

Ferrial came from a government school where science teaching was poor. It appears
her science teachers presented science as something mystical and dangerous and not to
be pursued by anyone. She claims to have been responsible for most her own learning,
At the time of entering the HDE programme she had well defined expectations from
the courses aimed at preparing her to be a science teacher. These expectations were
quite diverss and the opposite of the way science and its teaching has been portrajed

~ by her science teachers at school. If these could be achieved she would certainly be an

ideal science teacher. She also disclosed that she was fighting against a “phobis"
towards science and its teaching developed during her school days and which seemed

~ to be responsible for her feeling incompetent and anxious throughout her training,

As she progressed with her training few of the activities offered addressed these
expectations, She appreciated those course activities which had direct relevance to
teaching tasks or her expectations like the mini-lessons, setiing tests, discussing

chemistry concepts and exposing and addressing errors in her content knowledge. She

felt those activities for which she could not identify any direct relevance to developing
her teaching skills like word processing of the many small assignments, w: & a waste

of timc and frustrating. She also complained that certain activities like preparing charts .

and text analysis, though relevant to teaching, were gverdone. At some point she felt
students were unnecessarily loaded with work at the expense of proper training for
teaching. She felt there was too much work that she found it hard to cope.

At one point during the HDE she contemplated withdrawing from the programme, She

did not feel comfortable with certain aspects of the courses. She felt she was not given
enough guidance but dictated to and that personal tutors were needed in the course to
help the student teachers in the transition from student to teacher. Ferrial seemed
consumed by the idea that she would become a teacher soon, that she is an adult, and
was frustrated by what she perceived as being treated like a child during the
methodology courses or not given the respect she deserved by her std 7k class during
teaching practice. '
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Fenrial’s conception of science is quitebmnd and is that science
. 'hasahumanoﬂgin,'

. is factval, implying it has a knowledge base,

has been researched over years and therefore changes to keep up with the times

defines, describes and explain natural phenomiena.

xsresenmhrelawdandassuchmclndesmheramsofknawledgesmhas social

anthropology
mgenemtedthmughﬂlesmenoepmcess (expenmmmhon observations,
theorising) over many years.

Her initial views did not include a clear understanding of the words “scientific

knowledge” or " scientific method/processes”. Her ideas changed slightly by the end

ofﬂhsyw.'Dilﬁnghettﬂchingpracﬁcelessons she managed to show the importance
of the science process in deriving explanations and definitions for concepts like
"convection® and “radiation”. She also tried to make the science done in class relevant

1o their evm:yday life by discussing its applications. Examples were seen in her lessons
~ on "heat" transfer. '

Her own experiences of teachers seemedtoshapeherconcepﬁonofteachingiothe
point that she disliked the term “teaching" itself. She realised her own limitations
resulting from her owr. teachers’ teaching styles. She thus developed the belief that
teachers should always be available to guide and help their students and that teaching
should be more student centred, Her conceptions of science teaching did not change
much during the course. They were modified slightly to include the idea of increased
student participation. She views (science) teaching as an activity in which the teachers

transfer factual knowledge to students who are capable of leatning it;

help the students develop life skills and ability to do things;

facilitate the learning process by probing students to think about a situation or

i - 7 ssired direction, encouraging group work, interacting with the learners and
creating an environment that will promote student participation.
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Ferrial’s corceptions of (science) learning did not change either. She views learning s
Xnowledge accurnulation either by construction, restructuring of existing knowledge or
taking in knowledge. The knowledge to be internalised must however be compatible to
the coguitive levr* and background ksowledge of the learner. She also believes that
learning oconrs Wiee. leamers make links between whet they know and what is
presented to thew. Ferrial’s experiences as a scholar were th-t she learned more from
doing all the work first hand. Thereafter she became convinced that it is the best way
in which learning can occur, that is maximum learning occurs when the activities are
pupil centred, when Jeamers are actively invalved in thinking and discussing the tasks,

‘She was also convinced that learners have to provide aniswers and solutions to problems
: 'andonlywhanﬁ:eyare unable to do so should the te. .uer guide them to the desired

answer. The beljefs she developed from school experiences moulded her teaching styles

sothatherlesmweredemgnedto .
. maximise student participation througi practical experience;

encourage students to think about the learning tasks;
- encourage students to work in groups; and
encourage students to work with problems and preferably those finked to theu

everyday exp’ - i-nees.

School experience can provide opportunities for student teachers to try out various

teaching methods and styles. While appreciating assistance from the cooperating
teachers, Fezrial wanted the freedom to be as innovative as she desired. Sometimes she

felt she was presented with a restricted and formalised teaching situation in which she

had io use well tried teaching methods and miss the challenges of exploring her own
potential, or her theories of teaching and learning. Unfortunately her efforts and
strategies were not received with the same enthusiasm by the cooperating feachers at
the school, who criticised her for not teaching, and the students who were not lemg
fo participate in her class discussions.

Ferrial experienced «lassroom management problems, She was fairly strict and wanted

her students to be well behaved by pazing more attention to her instruetions and only

talk when responding to her questions and cues or when asking a question. She really
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| _ gotupsatwhmstudentMgnomdhermsimcmsandbecansealscshefeltshewasmt
' being respected as a teacher. She could no* compete with student noise while giving
mstructmnsmuplammgmmethmg Shemedwohardtomamtmnclassdlsclplmebut
students were not willing te cooperate with her. '

‘Ferrial was unhsppy with the HIDE chemical bonding classes. She had expected that
aﬂexexpomhermonmusldeasaboutﬂlesemcepts, adeeptab_le'one#wbuld’be |
discussed. Shewasv&ywoniedabmﬁimﬁarﬁngwmngid@stosnidentsfhatsha
asmmedmattheywoulddlswssng&mndwmngwaysofdeaﬁngmﬁtﬂlmmmepm
'What:smtemshnghowavensthatl?emalsscoremtb“chemicalbonﬂmgmtdldnot'
reflect the problems she reported. Inbothmepretestandposttesrsheacmaﬂyobtamed )
mabweﬂnedassaverage He:ptetastresponseshadomlytwoaxplaﬁatmnsand
heraxplananonsmthepostwstmdimtedthatsheunderstood ﬂleconcepbs She did not
_wachﬁnsmcmherteachmgpmcnce, solwuldnotammherlevelof '

mpetencemhandlmglt

166




—

-

_ _—

CASE 3: MARY

i

CONTENTS OF CHAPTER 7

7.0 JMOOUCHON o v osssessennennnns
7.1  Brief background . ... . .h Lt

L N N S R A

LI T O A I ]

4 & 9

LI I

PAGE

L]

7.2  Reasons for joining the teaching DrofesSioR . . v v vv v vrvinss s
. In
. 172

7.3 Perceptions of the teaching profession
7.4 - Characteristios of good teachers .........

LI

» ow ¥

7.5 'Cbnceiiﬁonsofscience f e n e e ey

7.6  Conceptions of science teaching

LI I

L

7.6.1 Teaching is the presentation of knowledge .. ... ...\ ...,
7.6.2 Teaching is influenced by the cognitive level of the learner. .

. 7.6.3 Teachinig depends on the subject matter background of teacher
7.7  Conceptions of learning ., .......

LA I

L]

LI

LI I O L A

L]

7.1 Leaming as internalising knowledge .. ... .......0.e.
7.8 Mary's experiencts .. ........

7.8.1 Experiences of the campus based courses . ....cvon 0.

Workshop format . . .

Test design and assessment

Mini lessons . .....

Content addressed in the additional studies
7.8.2 Teaching PrachCe .. .. .ocevsuvsns

E ooy W

A m ¢ 0 A pop s

..

1

L]

llllll -

LA L

-

[y

7.9  Mary’'s knowledge of chemical comcepts . ...,....

167

« % 5 B

LI I I B}

¥ 0 B 4 B &

LI I

-

#

i ow

LR AR B B B
LT I

RN
.

4.

169

169

170

173
175

177

179
180
181

182
183 -

184
185
185
186
186
188
194

—— B e o

-.b'.é,:_; ..



.

7,10 ‘Teaching practice observation .. ..

7.10.1 "I‘heschool.........

7.10.2

7.10.3 -Clés*sroom observation
| General features . ... ...
Teaching method .. ...t -

| Questioning technique . . cre

Hand]mg of students’. questlons

7.11 Proﬁie summary -

l'-.'..l.l..l--

168

196

196
196

197
197
198
199
201

205




7.0 - Eatroduction o
This case study focuses on *Mary®, a young woman enrolied in the HDE programme,
She is training to become a junior secondary physical science teacher and a biology
teacher up to matric.

71 Brief background
Mary attended both primary and secondary school in Mmabatho, For her secondary
education she attended a semi-private multiracial school. In spite of receiving a high
government submdy the school was surprisingly autonomous, She described the school
asa
o] very academic school, m hinge like religious instruction or aaything controversial fike
that. I1:1a]

The teaching . style at the school was predommanﬂy didactic, She thouaght that was

dlffermt from what she had learned from her HDE courses in that at the school

[ ﬂmyduh’tdo thmgslikawhatwoha\renowheentaughtas exciting and we must teach fike
-this. They slso encouraged us to ihmkandmtregnrgﬂate stuff which apparently isn’t so widespread.

[Il 1-2]

The school had very good sporting and library facilities. The school laboratories were
also well equipped for teaching school science. Computer facilities were also available
but she felt these were under utilised.

The description given above portrays a school with a great potential for teaching
scierice and possibly other subjects effectively, However, some of the things Mary said
- regarding her experiences as a student were to the contrary. For ex mple she described

the status of practical work at the school thus:

I never sotally saw how things bappened &t school. Jf we did an experiment or if we did a
demonstration more often that notit didn’*t work and I found that I didn’t understand what was going

at all, [11:3]
Being encouraged to understand what was taught and the perceived lack of practical
work during her schooling years seems to have bad some influence on her conceptions

of teaching and learning described below. She also developed the belief thot practical
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work is the key to promoting understanding of science concepts during teaching and
learning activities. This influence is also reflected in some of the excerpts quoted in the
descriptions given in this chapter. | - |
Mary joined Wits university after matriculation in 1990. She completed her basic
degree in minimum time with majors in botany and zoology. She went on to do
physiology honours in 1993. In 1994, during this study, she was training to beconie a
professional teacher, |

7.2  TReasons for joining the teaching profession

As she pus it, teaching was *the absolute last resort” [[1:1b] career she chose to
follow. She had hoped to pursue a masters degree in physiology after her honours but
later realised there were no employment prospects in it for the immediate futare. It was
also becoming expemsive to keep herself at the university, though she was on
scholarship. So she felt compelled to find employment. 1t seemed fairly easy to get into

teaching, obtain a qualification and secure a job (Cole and Knowles 1993). The major

driving force, however, secemed to have been that she
I.] had 1o do it beosuse ske had no other choice [T1:2a].

Teaching became a plansible reality when she considered suggestions on the possibility

of her pursuing a teaching career. She was also inspired by realising her potential in
teaching during the initial two weeks of teaching practice prior to enrolling for the
HDE programme. She went to her old schocd for this teaching liracticé orientation and
realised this about teaching:

[...] it's something that ’m fairly good at, and ¥ wouldn't mind doing it, And also if you jook at the

state of the country, it's really somethmgthatwedespsratelyneed is good teachers, So I don’t feel
%o bad sbout it any more. [11:2b}

The excerpt above also shows that she now feels comfortable with the choice of
teaching as a carecr. She has not, however, cornmitted herself or made any concrete
decisions on making teaching a life time occupation, She felt it would depend on a few
factors in the field. For example in response to a question on her future pmspects of
 staying in teaching she said: |

‘Well it depands, Um people tell xie "Oh don't worry youn don’t have to teach for long. You can get
yourself a university post™. The fact is if T enjoy it then I'll stay in the field you know. I think it’s
something that- it’s a very importaut caceer. So it all depends on how' Iactuallyenjoyit. and Tdon't
know. I really don't know. [11:2¢]
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Like Ferrial, job availability dictated Mary’s choice of teaching as a career. Her lack
of commitment to the profession demonstrates this. She is quite undecided whether she
will stay with teaching indefinitely.

7.3 - Perceptions of the Teaching Profession

From the excerpts above, Mary seems content in the teaching professicon, albeit
uncertain about its future. As with other prospective teachers, Mary’s views of the
profession have been influenced by other people. Though she expresses the belief that
teaching is a very important career ' _

[.. 1peop1emnndhmdun':muymmhmmpmfmom3s [I1:2d] _

She also cites the issue of low salaries in teaching as another contributing factor to the
undervaluing of teachers and the teaching profession. Excerpt [I1:2¢] below shows the

kind of issues that are of real concern to her regarding this profession,

{,..] T think becanse they get so very little salary compared to the oflier professions. I think that has
somiething to do with it but that doean’t worry me as such. I'm worried about how the schools, you
koow ., sortoflihwhatdoyouaayummyfutureempluymwuuldtteatmeasateacher.[n]
from what we learnsd from theory of education it doesa’t sound too great, [11:2€]

She appears to be more anxious about the relationship she might have with her

- employers and supervisors. The excerpt above also shows that the exp:2»d relationship
. is not something she is looking forward to. Furthermore she is worried by the fact that
she has ‘very limited knowledge about the education system in the country. This

- limitation will be appremated considering that prior o deciding to undergo professional

trammg in teaching she had not paid particular inierest to educational matters. Another
area that seemed to concern her was the amount of bureaucracy involved in the

- profession. :

* She naively hopes things will change to give teachers a comparable status to engineers

and doctors in South Africa because many things are expected to change. When asked
what sort of changes would achieve a recognised status for teaching and teachers she
said

I think they have to allow teachers a certain amonnt of leeway in how they teach. But now this is
" also a problem becanse not sverybody is as comfortable or they are not that well qualified. I mean
teachers in this country are not well qualified in general. So maybe for them it would be quite
nnfair, maybe they like [...] being told how to do things because that’s what they can cope with, But
on the nther hand, it might be difficult for somebody wh-who is well qualified like T hope the people
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| kaeFemal JobavaﬂabﬂltydwtatedMaqr’s choice of teaching as & career. Her lack
of commitment to the profession demonstrates this. She is quite undecided whather she
will stay with teaching indefinitely.

7.3 Perceptions of the Teaching Profession

From the excerpts above, Mary seems content in the teaching profession, albeit
uncertain about its future, As with other prospective teachers, Mary’s views of the
profession hiave been influenced by other people. Though she expresses the belief that
teaching is a very important career '

[...] people around here don’t really see teachers as professionals. f1:2d]

She also cites the issue of low salaries in teaching as another contributing factor to the
unidervaluing of teachers and the teaching profession, Excerpt {I1:2¢] below shows the

kind of issues that are of real concem to her regardmg this profession.

.}Iﬂ:inkbemnthcygetwwhubuﬂarympmdmthaoﬂmrpmfmm T think that has -
something to do with it but that doesn’t worey me av such. I'm worrisd about how the schools, you
know ... sort of like what do you say wm my future employers would treat me as & tescher, L]
from what we learnad from theory of education it doesn’t sotnd too great. [I1:2e]

She appears to be morg anxious about the relationship she might have with her
empioyers and supervisors. The excerpt above also shows that the expected relationship
is not something she is looking forward to, Furthermore she is worried by the fact that
she has very limited kmowledge about the education systom in the country. This
limitation will be appreciated considering that prior to deciding io undergo professional
training in teaching she had not paid particular interest to educational matters. Another
area that scemed to concern her was the amount of bureaucracy involved in the
profession. |

She naively hopes things will change to give teachers a comparable status to engineers
and doctors in South Africa because many things are expected to change. When asked
what sort of changes would achieve a recognised status for teaching and teachers she
I think they have to allow teachers a certain amoust of lesway in how they teach, But now this is-
also a problem becanse not sverybody is as comfortable or they arve not that well qualified, I mean
teachers in this country are not well qualified in genersl, So maybe for them it would be quite

nnfiir, maybe they iike [...] being told how to do things becanse that's what they can cope with, But
on the other hand nm.ightbedlﬂicnltforsomehodywﬂl-who is well quslified fike Thope thapeople
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from you know who will be graduating from this class will be, [I1:2f]
So while she acknowledges the limited antonomy in the teachers’ wozkplace she also
accepts the possibility of difficulties many un(der)qualified teachors in South Africa
would experience as a result of allowing more teacher autorumy, She foresess a

conﬂictofinmtifsuchachangewouldbeimplemenmd' viZasimaﬁonwhere one

group feels threatened and another group of qualified teachers feels "very frustrated and
nndetmmed as teachers.” [11:2g] :

7.4  Characteristics ~* good science teachers
Mary was asked to deic.abe her best teacher at school, What emerged from her

description of her std § sclence teacher was that formality in dress and non-academic

issues werenotpaﬂofhercnteuaforchaxac@mngagoodsc;mteacher 'Iiusls

whatshesaldabouttlusteacher _

L. ]hewasvoryinmms.Hecomdmlunﬂ:embjectvuymumdhewuvaryclmdupon
the content and you se~ he read & Jot. [...] he used to tell ug shout fun stuff, you know Iike ...
strangs things that - - .. - §d never have ordinatily heard of at that level. And wa i'outul&lat
- fascinating. When b - ¢ things like the atom bomb, things that er related scisnce to your know
what scientists were . overing at the time und also mads it a bit more new for us [...] ke made
scieace just & bit inors interesting ...., He-the thing is ke expliined the course wark very very well,
L. ]Hemmymfomﬂum,butforwmemnhemmgedwcon&olthedmvmmn,
was very effective, he just had that. I couldn't iznagine snyone else havieg such an informal magner
and sctuslly getting away with it. He never had any discipline problems. Maybe becanse we ware
all o fond of him and we respected him znd we never gave him any problems. ([11:2-3]

Mary identified the attributes listed below, also reflocted in excerpt [11:2-3], fo be
characteristic of a good science teacher. These atiributes shaped her expectations from
the HDE programme.

. being knowledgeable in the content;

. having the ability to explain the subject matter well;

. displaying wide reading in science related issues and relating these to school

. making science more inferesting by making scientists science real to the
students;

. effectively managing and controlling the class; and
having o good rapport with the smdents and winning their admmmon and

respect.
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7.5 Conuebﬁons of Science | | .
Table 7.1 below summarises Mary’s views about science, scientific knowledge and the
scientific method, as gle.-med from the interview data.

Table 7.1 Sw. asry of Mnry’s views about science

| Tl Tnorview [11} | | Final interview [EJ/3]%
L =
+ & logical study whers concrete measurabie data | has to do with the systematic logical
is callected; gathering of data to find out what
includes maihematics, biology, physics and - - happens _
I chemistry; not sociology; - . is concerned with discovering how
[l ; things around us work in the world
: . - it has gualitetive and guantitative
aspects
: . method of generdting Scientific
. Solentific Knowledge originates from peopls’s _ Knowledge depends on the topio but
curiosity shout the world and sxplaining it; would involve gbservations,
l observe what is going on; deduce somsthing or experimentation, drewing up
.| ‘experiment and conclude; trisl and error thing hypothesis,
| sparked by curiosity . there ase different theories governing
i involves experimentations avd hypothesising . how to do science but results should be
i aoc!mandrepeatﬁble; .
— e ey s e T

' "‘I’heseeondand the third interviews were condicted nmullsnwusly
Mary’ swewsofsclencearedommatedbythe "processes of science*. Her initiat view

of science was stated thus;

It [science] would involve some sort of er astmdy, [...] where one could collect concrete messurable
data, so it woiild include things like mathematics and er biology and physics, chemistry that kind
of thing. [I1:3af

Like Ferrial, the term scientific knowledge seemed to be unfamiliar to her, as shown

in her response in excerpt [I1:3b] below.

k How do you think scientific knowledge has been produced?

M: Where, what do you mean? In general (In general and later I think we will refer to ) Like how do
we know (ya) what we kaow sbout science? (Ya, how it has been generated) for centuries,
(Whatever ya) I think er basicaliy people become euvious sbout the world around them, to explain
it. (Mh) So they observe what is going on sad er perhiaps they would daduce someshing or elss they
would take something more what we would call the modern scientific approach where cod set up
an expetiment nor something whare they could change the circumstances and you koow see-see how
the phenomenon reacte under those circumstances, do an experir-ent and then see what happens and
then conclude something from that. *Cos I think its er a trial sind v Jor thing sparked up by curiosity,

generally. {11:3b]
Though she appeared unfamiliar with the texrm “scientific knowledge” she was aware
of the human origin of scientific knowledge and that science nrocesses endeavour to
satisfy human curiosity about natural phenomena.
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Ariother conception of science that seems to emerge from the excerpt above is the
explanatory ability of science. Mary also believes that the data collected from either the
natural world by trial and error or experimentation is aimed at explaining how and why
things happen the way they do.

In the final interview she described science thus: |
1 think it bias to do with wm &r discovering how-how things around us work like in the world ... I
really think it hias to do with er um- & systematic Jogical, um gathering of data to find cut what
happens. [...] it kas to be Iogical (mh). But it's concerned with finding out about the world around

She does not exhibit a strong change of view in her conception of science during the
study. Both the responses displayed in excerpts [I1:3b] and I3:12] above reflect an
inclination towards the empiricist conception of science which subscribes to empirical
evidence of concrete measurable data, | :

Possibly the slight change observed in her conceptions is slight because the initial -
interview to establish prior conceptions was conducted long after the HDE class on the
nature of science.

Her conviction thaf; concrete replicable measurable data is fundamental to science is
supported by Mary's reluctance to accept other possibly related subject disciplines as
science. She feels that subjects like sociology, religion (which she thinks is
controversial as reflected earlier (see excerpt [11:1-2] on page 169), history and
philosophy cannot be regarded as science becanse they tend to be subjective and

it wonld be difficult to mesasure any hypothesis originating in these ficlds qualiia!ivelyortﬁteat any
of this hiypothesis wsing repeatable experiments. {assignment material, March 1994]

This could suggest an objectivist view of science as described by Hodson (1981). She
did not seem to subscribe to any particular belief about the scientific method. At the
beginning of the study ber ideas about the scientific method did not seem well defined,
She seemed rather doubtful about what the scientific method involved. Later in the year
she said that as far as the scientific method of doing science is concerned
{...] thero are different theories about how people shodld do science, [..] I think as long. az you stick
to certain guidelines Jike you have to be acourate, your results have to be repeatable, I don’t sctually
think it matters how you do it. You can do whrtever you feel comfortable with. But I don't think

you st compromise wm your result. They havs to be eccurate and repsatable, but you mmsin’t
compromise that you know, in favour of your personil method. As long as your method works you
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mmwhamumwant. [1213.13]

This view partially concurs with Hodson’s (1988) assertion that science mvolves a

mgeandvanetyofmefhodsandﬁwselectedmethoddepmdsonmeammsm
InMary'scaseﬂlemethodlsselecﬁedamdmgtothempm '

She holds a view dominated by the processes of scieace, viz-gaﬂxering’_concrete;
accurate, measurable and repeatable data through observation, experimentation,
hypoﬂmlsmgmdlscoverhowandwhythmgshappmmthewnﬂd ’Iluswewsuggests-'- |
ofanempmmst’sconcepuonofsmence : : -

Cnmephonsnfseieneeteachmg _
InbothmtervimMaryclea:lystatedthatshewas stﬂlunclwahoutaconcepr.of

'teachmg Asaresultshewasmabletoadequatelydescnbehertheoryofhowteadnng :
-occurs, She attempted to give her theory thus: -

: Pmmdmﬁnda&emmlﬁmkltm;mmdomwmwherprms.rnpic.
- [11:5] |

-Welltobehunegtl’maunahtmnfusedabmtthat[ ]I’vensmreaﬂyunﬁmadﬂmqmshon
*Does teaching kappen?® Do you stand up these and you sattle on to your students. You’re teaching
them, Whether they are taking anything in is another question. (Mh) But I-don't actually know, it's
Tot effective teaching, but it’s teaching. I mean that’s how we were tanght. [12/3:14] '

Excerpt [12/3:14] shows the link between effective teaching and learning. It also shows
memﬂuanceofhetexpenenoe_ofhpwshewastaughtonhervmwso_fteacmng.
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Herviewsbfteachingscimwemmedﬁominterviewmawﬁalaresummaﬁsedm
Table 7.2 below. '
Table 7.2  Summary of Mary’s views of teaching

Tnitial interview fI1] Final interview [2/31*
T
Teaching: : Teachixg i
is presepting new informations | : . presenting new information or
knowledge
is providing answers, explaining and clanfymg . clearing misconceptions, giving
oonoepts, correct answere;

' . addressing students’® problems
ismakmgsmsmdentsknowwhatmgomgonf . making students think ahont what is
understand coritent. going on}

' is developing students’ interest; . stauding in front of students and

! involves listaning to what students say, getting rattling on sbowt anything (lectiring);
them to prove their theories, not just telling them f . making abstract concepts concrete for
they are * 7rong; students;
depnndsnnhowmteacharprmnts lopm' _

NB. Ihehsungdmnmmanywayimplyacomspondmgchang&

It will be noticed from Table 7.2 that Mary’s views about teaching changed and became

more specific later in the year, The underlying tenet of Mary’s conception of teaching
science is that it is the presentation of knowledge. The difference in the ideas given in
the Table 7.2 is in the way the knowledge is presented during the teaching activity.
Mary distinguishes effective teaching from noneffective teaching on the basis of these
differences. Thus she believes teaching can occur without leaming but |

{«..] effective teaching can’t oconr without leaming, I mean he cdn stand there angd teach you

whatever he wants but you know X don’t know if there wilfl be any fruitful outcome of that. It's like
saymguifﬂlmmasoundmthefomestbutﬂ:srsmnoonelharetohearitisshnasound"

[12/3:15-16]
From excerpt [12/3:15-16] above it can be seen that Mary believes it is insufficient to

just lecture fo students, She views effective teaching as producing the intended outcome

in terms of a learning outcome in whoever is tanght.

Mary’s cor"eptions of teaching will be discussed in terms of her views thattﬂchmg

is the presentatton of knowledge.

Other interesting points aboutteacmngMary raised and also discussed are that teaching
is influenced by the cognitive level of the learner;

. depeads on the subject mutter knbivledge background of teacher;

The other ideas expressed in the table will be part of the discussion under these
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subheadings.

. 7.6.1 Teaching is the presentation of knowledge

Mary believes that studexts cannotbetaughtwhattheyalmdyknow Thus she believes
that for an activity to be characterised as teaching, new information. must be presented
to the learners. Thmvxewwasreﬂectedmbothmtuviews.mmeﬁrstmmewnwas
related to an instance where students are working on revision problems [Ar “endix

1C:3):

[...] Are thess revision problems or completely new problems or what? (They've been given
homework) Oh! ‘They’ve been given homework. {Pause} I don’t see any teaching happening there.
Thsy try to Jesrn something by going throngh the problems but if fhey ave both puck then the anly
way thy would be able to get some additional information is from the textbook, If teaching is
hap;umgtﬁenpmba‘blylt’sbyumgthetuﬁbooktnteachthemselvesmlwnhcwhnsoivethe

problems. [I1:36]
In the secund interview it pertained to an mstance where students being asked to label

& diagram [Appendix 1C:6]: _
[--.} its pretty much just recall isn't it? They've just done the experiment. So they have to just
consolidate what they have just did. I don’t know if she's actually teaching them or helping them
romember or is it the same thing. It’s just fhat this er this is like in cobclusion to the lesson to
consolidate what they you kriow apparatus they used or whstaver. But she’s not teaching them
snything new. Yon kmow what I mean, she’s {pause} I zeally don't know if we would cali this

teaching or not. {...] cos’ that somathing they should already know. [(2/3:16]
It is also emerges from these two excexpts that Mary thinks that helping students
remember is not teachmg.

The view that teaching involves presennng knowledge that students supposedly do not

know seems to comply with the "jug and mug" vision of tzaching and the assumption
that teaching automatically results in learning. But she explains herself that for teaching
to be effective students should know whar . going on and understand the conjent
presented. She believes that understanding of concepts by lﬁa.mers can be ack 'gved by
mmphfpng and concretising conoepts

She further s.ows this conviction by saying that

I think adapting material to level of students is iteportant, (Your reasons for that?y Well a lot of the
stuff in the syllabue Y think um it's at & level where a lot of the stdents are ot capable of shatract
thought yet. Some of them are, you knaw but some of them sren’t. So you have to try and maks
it so what they cem understand it, or 1aaybe so thet it is conerets and 8o thst they are working with
something with which they are familiar. [...] so that [...] at Jeast it's a bit more real to thent.

[2/3:17-18] |
The cognitive level of the learner is revisited in section 7.7 on conceptions of learning,
| 177




In describing st:aﬁegies for teaching science effectively at secondary school, shesald
Pefinitely T think inquiry based. [...} I think it hag o be more sctivity based. [11:4].
andlataerthesameldeathoughexpandadwaspzﬁented thus:

[...1 you can do it Jike in an inquiring way, I..]Iﬁ:mk:t’smpomnushmguﬂwym '*-.tew
wisat they are doing to maybe to things that they kuow. Like maybe M6 [...] was telfin; .~ hen
: mmdmngbmdmgtorelaﬁutmMgslkemumymmwjmwweitMuwm
them, Because 1 found they had a problem with bonding, because it’s et lile it’s so abstract. They
don't realty nnderstand. So you try and make it concrete for them. I think that's good if you keep
showing them models or pictures or something just to kesp relating it back. [£2/3:13] '

The latter view has been infiuenced by her std 8 science teacher and her teaching
prac” ‘e experiences. Xt reflects the importance Mary attaches to making science
concepts relevant fo students’ experiences dunngtw:hmgandalsomﬂleteachers

attempts to help students mtegateﬁzenewmnceptﬂ with their pre-existing ones,

Mary’s emphasis on relating the knowledge that is presented to what students know
demonstrates further her belief that the knowledge is unfamiliar to the students.

She also hus 4 st -2 belief in the use of practical work to achieve effective teaching
 of science at schiool and enhance understanding by pupils. As she said earlier (see
excerpt [11:3] on page 169) she had limited experience it practical work at school.
Thus she is ernvinced that school science shiould be taught

With lots of pracs. [.. ]Bmuﬁ'smbemun’smlmmkmemwmm Idon't
think Y eaw a single chemical during my schooling. So it's very difficult o try and relate, it's very
thaoratical (ya) and then if you don’t gee anything you really have no idea of what is going on. Aad
also it teaches t.>m a lot of stuff yon know. It teaches them how to do practicals, It tenches them
how 1o uss the squipinent. I didn’t know how e de anything like that wntil Y came to-I got to varsity.
I thirk it teaches them a Jot. 1 think they get & bit mofe confident. Solm:nklhmghptachcais

{12/3:13]
Unfortunately she did not display this conviction in the lessons I observed during

teaching practice.

Mary’s belief about the importance of practical work in science teaching is common
among many science educators and teachers, as this quote shows:

The predominant ideciogy among science educators is that hands-on experience ia at the heart of
science lesrning. As important as leboratory experience is thought to be, there has been little
systematic analysis of just what can be achieved ir the science lnb. (Nersessian quoted in

Hodson, 1993: 35)

Practical work in school has been acclaimed to motivate students, imparts manipulatory
skills such as techniques in measuring and handling apparatus, enhance their acquisition
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- of scmnce concepis, give insight into scientific knowledge and develop expert use

(Hodson 1990; Clarkson 2nd Wright 1992). However the design and implementation
of practical work by teacheis have been found not to meet the claims made in favour

_of practical work (Hodson 1990), Clarkson and Wright (1992) sapport Hodson by
asserting that there has been research that provide evidence that lab work does not

necessarily impl_'dvesubjectmntterundmdingbmsevery often students £ail to link

* the practical activities with the rest of the subject. There bas thus been extensive

litemmre (Hodson 1990 1992 1993; Johnsione and Wham 1982; Clarkson and
‘Wright - 992) advocating arethmkmg of the value of practical work so as to deslgnxt

-_'mlyeottheclmmsmade. o

A view which._seems o have influenced her experiences in the university based

presemce training is that of teaching as inixolving giving students answers together with
explanatwns and clanﬁcauon of misconceptions. She felt that sometumes during
phiysical science memodology lectures problems were identified but no ideas given on

_htiw.to.add_rms these in school was given. _
T still don’t sse what that chemies] boading did for me, Ireally got very little out of it because we

47 were told this is what they do at school we don’t think it's correct, what do you think you sheuld
" be doing to address this problem, though we never came cut with any solié concrefe dnything,

[m2/3:21]

Thlswewmﬂuencedherperwpnonofthemmmmatherrespunseu to an instance
' whete a teacher questioned a student’s statement (see [Appendix 1C:5]) were similar
. in both interviews. An example of her response is given in excerpt [12/3:16] below.

1 think she’s [..,] trying to clear up any misconceptions the student might have. So I think, ye she

* will be getting there. I need to-but I don't think the question is enongh, [...] I think we need to hear

the next step. [...] She hasa’t cleared up any of hiz misconceptions, she hasn't told him what the
correct suswor is or what the wrong answer is or anything. [12/3:16]

What she apparently wanted was for the teacher to provide answers for the students in

this instance for it to constitute a teachmg activity. It was msufﬁclent as it was w1th0ut

the answers.

7.6.2 Teaching is infinenced by the cognitive level of the lesrner.

In addition to transmitting new unfamiliar knowledge to the learner Mary is convineed
that other factors have to be in place for an activity to be considered as effective
science teacking. One factor explored below is the matching the cognitive level of the
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learner with the concepts presented. This belief has also been supported by Head
(1982), Strike and Posner (1982), This factor emszges in excerpt [I2/3:15] below in
response to an instance about a lecture on 2 supposedly di loult concept (molecular
orbital theory) to grade one children [Appendix 1C:4] |
Obviously ie's trying, I assums nlmemehmguuhngplscebutldm’tﬂ:inkanyleaming

because I think it’s hard enough for first years to grosp. [11:6]
Well it's certainly not effective. |. ]'Iheymbeduemlsvelofdwelopmmtobeablem

understand what he is saying. Imesn we have only just grasped this concept this year. [12/3:15]
Here Mary shows the importance of this match for meaningful leamning and therefore
effective teaching.
7.6.3 Teaching depcnds on the subject matter background of teacher ‘
In her transmittalist view of teaching Mary acknowledges that it is important for the
teacher to have a good background knowledge of whatever is to be presented during
teaching. This idea is again influenced by her own schaol experiences, This view was
given in both the initial and the fina! interviéws and is based on students’ perciptions
of teachers. An illustrative excerpt is taken from the final interview to represent her
most tecent ideas, Itwasinresponsetotheteaching task about a teacher serving
students as a source of knowledge and skill [Appendix 1D:4].

[+~ ]lmdmmthmkymhwweveryﬂ:mg.myoumtheteachu,ywkmwewry&mgm
thore is to know about everything. And they Joss confidence in you if you don™ know everything
for one thing, And for another thing you can always tell that they must look up things in books sud
well that's fine, But you should slso know how to do something or you know can go and Jook it up
yourself and that’s fine. And I think it's impoztant for the teacher to have fairly good background
knowledge of whot it is that s/he's teaching, (Mh) Students ¢an pick up when you don't kiow what's
going on, T niesn we did that at school too. Xids are not stupid.[12/3:18]

While hiolding that the teacher should be fairly knowledgeable, she does not believe in
telling stndents everything all the time, But she feels it is important to be in a position
to assist students whenever it is necessary. While it can be frustrating for the students
not to get any assistance when required, it should be extremely embarrassing for a
teacher to have severely limited knowledge in what s/he is presumed to be an expert,

In summarising Mary’s views on teaching it will be noted that though she seemed o
accept "standing in front of students and rattling to them", her conception of science
teaching seemed to be more learner centred and to require that:

. presented khowledge is adapted to the corresponding cognitive level of the
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leamers before presentation.
. presentation is in such a way that students understand and know what is going
on; - | - | |
. the knowledge is made more concrete, familiar and real to the students and
the teacher holds a good knowledge of what is presented fairly well;

7.7  Conceptions of science learning

Expressing her views on learning wasafaiﬂyeasyﬁskfot'LJary. In most cases they -
corresponded to the factors identified to be influencing effective feaching. Table 7.3
beiow is a summary of Mary’s vieys about learning. The views which were ot given
in the initial inferview, and therefore appear to be new are given in italics in firial
v ! . CO].‘Jmn. ) .

- Tdple 7.3# Summary of Mary’s views about learning.

= Final Interview [12/3)*
Y earning: _ Learming; |

« . depends on cognitive jevel of leatner; : . occurs if stundents understand what
. - depend on interest of the student/learner; . is beiag taught;
. students have ty believe i what they Jearn; + - occurs if material taught

is understanding what the teacher is giving; corresponds to level of cognitive

ocouré if concepts are not too difficult; development of the learner;

depends on student background knowledge, . " student must have backgronnd

' - knowledge.
- is taking in knowledge;

As mentioned above the conceptions of science teaching that Mary favoured wers more
leamner centred. And though she seemed uncertain in giving her theory of teaching, she
found it fairly simple to describe learning. It is therefore, fitting to show Mary's
viewpoint regarding learners and their learning before engaging in a description of her
views on leaming science, '
| 1 thixk that students reslly have to believe in something before they Iearn it. I think that is impertant.
{...] Um but I'm not exactly sure whether I'm sort of leaning towards Piaget or Vygotskian theory.
They sound pretty good I...] The thing is I definitaly think that children have um a knowledge base
from what they learn around them, I mean they don’t just know nothing wntil they pour it into their
heads, They have something. That’s probably how they get thess preconceived ideas of some physicy
theories that ars completely wrong. I...] And they have thair own interest we can't just deny that
(M) and we have to sort of try to just help them develop it. [I1:5a]

The ideas presenied in the excerpt above show a high input from theories of learning.
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T was therefore curious about the inﬂuence of the H])Eprogramme on the development
of these views, Her claims indicated that she was not convinced that the HDE had
smch influence. 'The excerpt below helps illustrate this assertion:
E So when did you start having this idea that they are ziot empty hoads?
M: ¥ think I've always thought that, I don’t know ET ever since I've stacted thinkiog aboat it
T've never thought that <hildren have empty heads, Jt's something that’s never heen a
problem for ms,

) Iwujuunmmnldngmthatn'snotmeﬂﬂngﬂmtymonlygotwkmwﬂmywaﬂaﬂhe
theory of education course,

M: No definitely not. I’s probably why ¥ cant etand .., {inzudible) [I1:5b]

TherelsmsuﬁmenteudmceﬁodebateMary 8 claim because agaia the initial interview
Wasconductedlongaﬂerﬂleprogmmmehadsta_fted She may not have been
consciously aware of any such influence. Whateverthecasemaybthry seemsfmrly

' Zcomfortable with construcﬂwst views of learning.

methembleitisclwmat-two'viewshmwt changed while two new views seem

0 have developed. As was the case with her views sbout teaching, there is one

underlying idea that can be extracted from tids table. That is learning as the process of
knowledge internalisation which can take place only if students are able to integrate the
presented lmowledge w1th preexisting knowledge as reflected in exoerpts [2/3:14] a8

well as [12/3:15] below.

[...] how learning oceurs, one could say if the student can understand the theory net only just you
know to regargitate or what but actuslly to understand what-understand the theory to work with it
and to apply it you know, Then you can say ok that the student has actoally learned what’s going

on aotl ke understands why something is liappening. [.[2/3:14]'

. The excerpt above also illustrates Mary’s belief that when a leaner understands and can

follow what is going on, then learning is taking place. This complies with Mary’s
conceptions that learning javolves acquiring concepts meaningfully and showing that
the concept is uaderstood by applying it in novel sitvations, This conception is
illustrated further in the description of her experiences of teaching practice described
in section 7.8.2 below. o

7.7.1 Learning as internalising knowledge

Mary stated very clearly that she rejects the tabula rasa conception of learning. Though
she believes that children develbp some knowledge sponaneously, she also believes that
someknowledgecahbetransnﬁttedfromﬁ\etaacherasasourcetothelearn'er_asa
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recipient. This view agrees with that described for teaching as presenting knowledge.
The fact that there are other factors that should be in place before ar activity can be
classified as effective teaching or meaningful learning bears witness to Mary’s belief

that the presented knowledge is not internalised verbatim. An illustrative example is

taken from her response regarding an instance of learning science from waiching a TV

prograinme [A-.pendix 1C:2]:

Ifit'lmmadatmdemyaulmowatthatlevel, then T think it’s greal. {.,.] I it’s on TV then it
shouid be pitchied at fhe Jay person so he should be able to understand what's happening. If it's TV
. then it is pitched et the Jky person so he should be able to understand what is heppening. [...] if it’s
. completely over his head then no teaching, well maybe teaching is teking place but he is ot taiking

anything in. (i other words he is Dot Jearning anyfaing?) No. Definitely not. [12/3:15a]

And respondmg to another instince of a students baking [Appendix 1C:8]she said

I- llfﬂmsmdenthadtoﬂzmkshmtwhatmhappemngtoﬂmﬁmtcakewhemahembakinglt
of whon she is mixing it or whatever then ya I think she would be taking in a significant smount of

scisnce or at least be able to think about what is going on, [12/3:16]

She felt that for any learning to take place students

L .]multbeatacetlxmlevelofdevelopmemtlobesblemundersmdwhatﬂlcteadurmsaymg
And f they dou’t have the background kwiedge then no learming oceurs. {12/3:15b})

The cognitive level of learner seems unportantforbothlmrmngandeffecuvemhmg

This confirms Mary’s conception of the inclusive nature of these two stated earlier in

excerpt [I2/3:15-16] on page 176.

7.8  Mary’s Experiences

Before describing Mary’s experiences her expectations as she gave them at .3
beginning of the HDE programme are given. These are given on the assumption that
their influence will be reflected in her experiences of the HDE programme. The degree
to which these e.xf)ectaﬁons influence her experiences will become clearer as the
description progresses, Mary’s expectations at the beginning of the physical science

- methodology were:

As T am not as wmfoﬁablemththethonght of teachmg science (especially physics) as ¥ am sbout
biology, I would like to jnorease my confidenge with thiz subject. 1 am a bit apprehensive that I
won’tbesblemggggggh!smnlsclmevmywalltomymdems,orthathon‘tbeablewh_l_é
their interest. I really want to be abs to relate physics tg s examinles '

1t should be noted that the four key expectations undethned in the excerpt above
correspond to four of the characteristics Mary described about her best std 8§ science
teacher listed earlier. She scems to have selected attributes and practices from this
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parﬁwhrteacherandcrwodamodeltmchershowantedwbebéoome(&leand _
Knowles 1993). And being a biology major she was not confident in dealing with
science concepts. : .

‘The description and analysis of Mary’s experiences given below was obtained largely
from orally described data derived from all three interviews and from a very brief
joumaishekyptfmthecampusbasedHDEomm The journal was very brief, with
entries for only six days. Theoontentofmostoftheentnesmﬁledmrywerealso .
repmwdduﬁngﬁxemmws. _ '
¥, .

Aswas.dmeforFEm:ial, thed&scription of Mary’s experiences provided here is divided
into two parts. The first part relates to experiences of the theoretical aspect of the HDE
programme, viz the campus based courses. This description is mainly on the physical
science methodology and the physical science additional studies. The second part of the
desmpﬁm:gbawdontheﬁeldbasedpmchcalpanofmepmgme,themg

pracuoe

7.8.1 Experiences of the campus based courses .
Mary’s oral descriptions and journ* entries reflect an influence from her expectations
of the programme, with a bias toward negative experiences. When she was specifically
asked for good points about the physical science methodology she said
Um let me think. This is really a tough one, Well um some things that um that they did cover better
than biology like, ike M3's fthe other physical science methodologist] topic on evalustion and

 assessment end we had to set 4 test for him. {Mh). That he did in the core science and he also did
it with us. And that was covered very well, Imdthattoaetmyblologytest.”fonkmwthatwas

very gaod. I found that lecture particularly nseful. [12/3:19-20]
Despite this apparent difficulty for Mary to identify good experiences, I have attempted
to describe such experiences first, This means that excerpts illustrating her expetiences
as she perceived them will not be chronological.

There are four aspects of the campus based part of the programme th‘atsheseemed to

appromaho. These are :

. the workshop format used in pmenhng physical science methodology theme:s,
test design and assessment; -
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. mini lessons;

content addressed in additional studies.

Workshop format _
Shehmdtheworkshopformatofthephymcalmmmeﬂwdologydasses She felt

that this approach was very effective in presenting the kind of material dezlt with in the
course. Examples taken from her interview dataandjoumalmuiesreﬂecﬁngthis

‘Well T1ike that almost everything is in & workshop type format. (Mb) I think that with this kind of
material I think it's & very effective way of doing it. But P'm not happy aboutthsassignments Ihave

been given, very uzhappy about them, [[1:9]

‘Wednesday 18/5/94; Today we did a skills workshop - acid/base experiments. It wes fun doing
wmmamwﬂnwmmgwﬁmkmwmadomaummMMﬂ

Bemdes allowing the student teachers to engage in practical activities suitable for school
level science, the workshops allowed discussions with colleagues and lecturnars on
science teaching related issues and practising some teaching methods tl_'wughi: to be
effective. She seemed to have found this format of presentation relévant becanse she
couid apply whatever she acquired from there relatively early during teaéhing practice.
Italsohadadlrectbeanng onhern'ammgasateamer Shealsogotachangeto
conduct some practical work relrvant to school science.

It was however unfortunate that sometimes she missed themmnﬂ]emeoftheworkshop

as the excerpt given below shows:

SWIM&-WMI&RIMW@&&MWM%MM&MW
people would ssk me “so what did we do’ and I wouldi’t be able to w1l them. [12/3:194]

It could be argued that it is a common experience for people to be lost in lectures. But
in Mary's mmatlonlthadundes:rableeffectsonherpemepuons ofotheraspectxofthe
course, as will demonstrated in this descripuon

Test design and assessment _
The excerpt below shows how Mary felt when given an assignment which she
understood and found relevant, _somethmg that seems to have been a rare occutrence

forher
6/»'4: Another assignment - design a test paper. At least this is relevant and nseful. About 4 of ue
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. mini lessons;
. content addressed in 2 "litional studies.

‘Werkshop format

She liked the workshop format of the physical science methodology classes. She felf
that this approach was very effective in presenting the kind of mate.ial dealt with in the
course. Examples takru from her interview dataand;oumalenhnesreﬂectmgm

appremauonaregwmmtheexcerpt..belﬂw

‘Well 1 like that almoet everything s ir 2 workshop type format. (Mh) I think that with this kind of
miteria) I think it°s a very effective way of doing it. But Pm not happy about the aagignments Thave

been given, very unbappy about them. [11:9]

Wednesiday 18/5/94: Todsy we did a skills workshop - acid/base experiments. It was fua doing
experiments again, aud it was interesting to think that students do these at school Jevel, [MT:1]

Besides allowing the student teachers to engage in practical activities suitable for school
level science, the workshops allowed discissions with colleagues and lecturers on

 science teaching related issues and practising some teaching methods thought to be
effective. She seemed to have found this format of presentation relevan: because she

could apply whatever she acquired from there relatively early during teaching practice.
Italschadadir&ctbeaﬁngonhetnainmgasateacher. She also got a change to
conduct some practical work relevant to school science.

It was however unfortunate that sometimes she missed the main theme of the workshop

as the excerpt given below shows:

Somehmeslwentmlecturesanﬁlfeltlostthmughoutlhelecmwandatﬂleendofﬁelemm
people would ask me ‘s what did we do* and T wouldn't be able to tell them. [12/3:193]

It could be argued that it is 2 common experience for people to be lost in Jectures. But
in Mary’s situation it had undesirable effects on her perceptions of other aspects of ‘e
course, as will demonstrated in this description, |

Test design and assessment |
The excerpt below shows how Mary felt when given an assignment which she
understood and found relevant, somethmgthatseemstohavebeenamreoccuuence

for her,
8/6/94: Another assignment - design & test paper. At lesst this is relevant and useful. About 4 of us
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are going to do different aactions of the syllabms and swop tests. So we ali have tests covering the
entire sid § syllabus for our resonsce files. Immmmemgmmmmmm

e:qﬂninltmﬂwrwn. Things are looking upl! [MT:4]
Tt will be observed that excerpt [MJ:4] complement~ excerpt [12/3:19-20] quoted earlier

'_onpage 181p,lhesetwoexcerptsshowﬂﬂtthisskiﬂoouldbeappﬁedimmediately '

duﬂngmhingpmcﬁce.ltwasalsoperﬁnentmherminingasateacherandshe
therefore appreciated it. - : '

Mini Jessons

The mini lessons were another aspect she found stimulating and relevant. However, the
most beneficial mini lessons were those she did in the biology methodology. She found
these to be more focused and other students more critival of the presenations. But for

the physical science mint jessons she felt

[...] those mini lesgons .hatmthdlgotveryhnleautofymknw I mean the content was s bit
interesting and the things that peopls did were very interesting [..] But with the science we just
walked in thers and we did something and people said well what did we think, no it was fine let’s
go on to the next thing, It-they didn’t uss it to it’s full potentisl, Idldn’tgetasmnehuutofﬂmse

mini lsssons a8 T did with those in iology. [12/3:19b]
Again she apprecia‘ed the knowledge and skills acmnredmhlem:mlassons because
she found immediate use for in teaching practice and it improved her skills in lesson
preparation and implementation. |

'Content addressed in the addifional stodies .
As mentioned earlier, Mary majored in the biological sciences. Shelastd1dphy31cs and
chemistry in her first year, 1950. So naturally she was not very confident of her

knowledge of subject matter in the physical sciences. She acknowledged this limitation
in her expectations and journal as weil.

18/5/94: T don’t feel very confident shout chemistry - I received a very poor chemistry education

. ot g¢hool and did not cover @ lot of the material ut university. So the foundations are quite shaky.

1 probably have just ss many misconceptions Tegarding chemistry as my future students. [MJ:1]

She Jater described how additional studies boosted her confidence in content in a short
space of time, by addressing concepts which she found difficult and others which she
thought she knew very well, but did not. |

[...] wall M2 did 2 lot of stuff with us, He did those pulley things (levers and pulleys). Ya levers
and pulley stuff. Thit I found very interesting. And also electromagnetidm which is really difficult
for me to understand, you know. I found that good. And you koow M5 played lot of games with
us and everything was just fon. But she alst asked us what do we want io do. And then wu-she gave
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reackions. Andwhﬂlfoundwugmushagaveustheqnuhomn wo had to do it and then we
gave it back. Nobody did-knew anything and all that, We didn’t remember anything from school.
- So the second time she gave it to us ahe enid vead over redox reactione and electrochemistry and the
lot. So we went home and we read over it, Because our misconceptions wonldn’t disappeas by just
reading over that stuff, [mean they sre fairly, much deep down. And she gave us the questionnsire,
You find that you really don’t know, you think you know what is exactly going on but you don’t.

And I found those extremety useful. I...] But we kiew exactly what the misconception was and how
it arose and how o deal with it. And what more can you pewsibly ssk for. That was fantastic. So
now I actually yndesstand what's happening yedox reactions. We oaly had ore Iecture on it. One
doubhhcmondwuudmm But I feel go mnch more confident shout it. And I think thet

maybe i we had replaced of spend lows time on thoee philosophical things the physica! science
methodology maybe it would have beest good to do something like that you know. Because

ultimaiely that’s what-I think that’s what helps you to become a batter teacher. [12/3:20-21]
The excerpt also shows lier appreciation of having her own misconceptions identified,
explained and cleared. Also reflected in the excerpt is an appreciation of addressing
subject matter issnes during teacher training, something she feels makes one a good
teacher. It is obvious by now that she found those parts of the additional studies which
addressed her expectations on subject matter refevant and useful.

Mary appeared concerned by her limited imowledge of science concepts. She also
acknowledges that her own misconceptions ar> deep seated and cannot be eradicated by
merely readisg text books. Furthermore school textbooks were shown to perpsinate
misconcept.ons among teachers and students, despite their powerful effect on teachers
as *he main resource material in schools. Dealing with subject matter issues improved
her confidence in science content knowledge, and this effect overshadovred any benefits
that could have emerged from the philosophical issues discussed.

As mentioned in the introduction to this section, Mary aiso had some unpleasant
encounters, Some of these have already been mentioned in excerpts [12/3:192] {page
185) and 12/3:19b] (page 186). The most tormenting experience was vagueness by the
lectures andinpaiﬁcﬂax assignments. As a result she was generally unhappy with the
course as excerpt [12/3:20] below will indicate. This excerpt is a wnunuauon of
excerpt [12/3:19-20] quoted above (page 184). It describes how she and her collzagues
proceeded with the design and 1mplemmtat_lon of a curriculum package, the confusion
experienced and other frustration that followed. |

There were things MWhichamappumdygood,WIfounﬁ.mbmammmofﬁm
baceuse I didn't know what was expected of me, I didn’t know where we were going and X didn’t
ses the use for myself. Like this curriculum design, it was this huge assignment and for much of the
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ancther lscture on chemicsal bonding, and um she did redox reactions with us and equilibrium
reasticns. And what I found was good is shs gave us the questionnsive, we had to do it snd thea ws
gave = back. Nobody did-knew anything and sll that. We didn’t remember anything from school.
So the second time she gave it to us she said read over redox reactions and ejectrochemistry and the
lot. 8o we went home and we read over it. Becsuse our misconceptions wouldn't disappesr by just
reading over that staff, 1 meam they are fairly, miuch deep down. And she gave us the questionnxire,
You find that you really don’t know, you think you know what is éxactly going on but you don't.
And I found those extremely useful. [...] But we knew exactly what the misconception was and how
it arose and how to desl with it. And what more csn you possibly ask for. That was fantastic. 5o
now I actuslly understand what’s happening redox reactions, We oxnly had cne lecture on it, One
double lectnre on slectrochamistry. But I feel so much more confident about it. And I think that
maybe if we tad replaced or spend less time on those philosophical things the physical seience
methadology saeybe it would have been good 1 do something Like that you know. Becanse
ultimately that's what-I thiok that’s what helps you to become 2 better tescher. [12/3:2(-21]

The excerpt also shows her appreciation of having her own misconceptions identified,
explained and cleared. Also reflected *. the excerpt is an appreciation of adaesst
subject matter issues during teacher training, something she feels makes one a good
teacher. It is obvious by now that she found those parts of the additional studies which

~ addressed her expectations on subject matier relevant and useful.

Mary appeared conoe.med by her limited knowledge of science concepts. She also

- acknowledges that her own misconceptions are deep seated and cannot be eradicated by

merely reading text books. Furthermore school textbooks were shown to _perpetuate
misconceptions among teaciy~ » and students, despite their powerful effect on teachers

. as the main resource material m schools. Dealing with subject matter issues improved
~ her confidence in science content knowledge, and this effect overshadowed any benefits

that could have emerged from the philosophical issues discussed,

As mentioned in the introduction to this section, Mary also had some umpleasant
encounters, Some of these bave already been mentioned in excerpts [12/3:19a] (page

185) and 12/3:19b] (page 186). The most torme.7;:1g experience was vagueness by the |
lectures and in particular assignments, As a result she was generally unhappy with the
course as excerpt [12/3:20] below will indicate. This excerpt is a continuation of
excerpt [12/3:19-20] guoted above (page 184). It describes how she and her collesgues
preceeded with the design and implementation of a curriculum package, the confusion

‘experienced and other frustration that followed.

There were things there which are apparently good, but I found them a complets waste of time
‘becanse I didn"t know what was expected of me, I didn’t kuow where we were going and I didn’t
see the uss for myself, Like this curriculum design, it was this huge assigoment and for much of the
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fime we were ao in the dark that in the end it had vary littie nse for me, although appsrently it was
great assignment to do. I missed the point. So we did it and you know we yeported back and oniy
in the end did I actusally realiss sort. of more, nat only what wa: expected but wiat kind of value this
was to have for us, But only Iike at the very end. Tt vesulted in four very frustrating months {...}
becanss I really dido’t know where I was going, [...] nobody knéw what was going on [...] and then
we were 30 confused. Then we did the anslysis sod we came back and said look we don’t
nrderstand the second part of this thing., And M1 got very nrset. And said you people are really post
grad and you know I shouldn®t really spend so much time explaining. But she did bucause she was
aot clear before {...]. T think more often thaf'not 1 think T was more frostrated with what we wess
doing becauss usaally I didn’t know what we were doing or why we were doing it and then we had
to do an assignment which just compounded ihe problem. (Yes) So 1 don’t know (How did you fare
in thess assignment?) I did great but it wis a complete surprise to me slways. ... [12/3:20]

I* scerns that Mary could not zeap all the benefits of the HDE programme as she would
have liked. She seems to have been lost most the time, unable to figure out what was
oxpected of her in the physical science methodology. Since she could ot link whatever
%@ had to do with anything immediately useful, she simply regarded the activity as a
waste of time. - - |

Mary’s perceptions as demonstrated in the ex-erpts above seem to indicate the
importance and the need for Mary to know exactly what was expected of her by the
teacher trainers. In this way she probably would have seen the relevance of the

" 47.8.2 Teaching Practice

Like Ferrial and many other preservice teachers, teaching practice was the first test of
Mary’s expected roles as a full time teacher, though it was for only eight weeks.
Teaching practice also provided her with the opportunity for real field experience of -
testing the theories she believed prior to trainisg and those developed dusing training.

Mary taught physical science to std 7 & 8 and biology to std 7 and 9. Her first few
days of teaching practice were enjoyable because the staff members were very helpful
and supportive, As far as teaching went she described her teaching practice thus:

I surely found that ] enjoyad teaching the science because of all the wonderful experiments we conld
do. (it’s & pity T didn"t see you) Doing experiments? (Ya. you were doing mostly the chemical
bonding and 50 on.) Ya. [...] Aflerwards we did sbout three lots-four sets with the std 8¢ and lots
with the std 7s and we enjoyed it. So I enjoyed that part and thie-] got this one page and I had
something that T had to give to M1, we were doing these experiments of reactions of metals in water
and the thing exploded all over this page and smudged this page all these holes, but it was great fim.

[r2/3:10]
Noﬁcehowsheismmredbytheoppommityofdoingpmcﬁmlworkinthg science
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lessons. She was convinced that this approach enhanced understanding and learning of
science confent. It was unfortunate that I was unablewobserveherconducnng
pracficals,

Staff support was not cnly moral but it extended to professional and academic areas fike
providing resource material, teaching tips, students’ worksheets, notes and teaching

~ aids. She found all these very helpful. Often when the co-operating ieacher was present
~ in Mary’s lessons, at the end of the lesson he would discuss with Mary good points

abouthetteachinga:‘*lareaswherestudentswerelikﬂywmisintmptetwhatshesaid. |
Some of these discussions were for exampig, thepossibﬂ:ty of students taking the 2s
md2porb1talsasbemgofdxfferentenergylcvelsmtheaﬁom3 from the way she

| 'dlsplayed them. Another was the use of charges and cross muitiplication of these to
 derive the formulae of compound, Tn deriving the formula for water she used charges

as in (2) instead of valencies as in (b), below

@ HY - ®» = \

o o* as opposed 1o O?
H._____ - G
) | : HO

The teacher felt that approach (a) does not reflect the normally accepted view of the
actual reaction that takes place when water forms from hydrogen and oxygen, while

approach (b) is a better representation.

Her gooki experiences diuing teaching practlce also included some soccessful lessons.
In describing her successful lessons she sounded convinced that what '

{-.] made those Jessoms successful is that they fstudents] were really interested and they veally
enjoyed it. (Mh.) Although uitimately they missed the point st the end Ok, [12/3:11]

. When I got the students involved in the lesson (ys) zud when I thigk they wers interested in the
lesson it generally went well. And I found that they learnt from that Jesson you know, Like when
we went back to the Taterial later they kmew what was going on. [12/3:23] '

Emerging from these excerpts is Mary’s associates teaching by involving students,
getting them interested in the lesson and to emjoy to meaningful learning, This
observation is in agreement with ber conceptions of teaching and learning described
earlier. Her attempts to promote student participation was also observed in her lessons
during Mg practice and is dlscussed in secuon 7.10 on teaching practice
observation.

189




HEY Y el

. "7y

Anocther good experience was mereahsatmnofapommhnkbetwmsucoessﬁﬂ

lessormandadequateprepamuon for that lesson,

1 thivk one of the things iz fhat if it was a partieulsrly succsnsful leison (va) was vhen T was
particulmly well prepared aud 1 had Jike tsaching aids and you know whatever. I mean Hkes there
was one practical I conldn’t set it up ffor a wariety of reavons], So Ihad o set it up between lessons
you know. And I was & complets mess. So that was quite bad. And also thers was Jike this one
practical I thought 1 knew what I was doing smd I actoslly didn’t, because thiere was one, I can'’t
‘vemember what it was, but there wee one experiment that ¥ actally didn’t realise what was going
wmmm&mlmmdmd&eh&mmmmﬁnﬂhmmmdmm

didn’t work. [12/3:11]
Asw:llbeseenmemerpt[ﬂls Illmryalsoexpenenceddlsappomunmtsdunngha

- teaching practice. Sometimes these were related to lesson preparation as seen in excespt

[12/3:11] above. At other times they perfmined to her assumptions about and

expectations fism her students, These assumptions were apparenily the cause of the

mismatch between Mary’s expectations from the students and their actual performance.
'This mismatch can be observed in excerpt [I2/3:10a] below. The excerpt also shows

‘how she misinterpreted students’ po.m:lve behaviour towards the laurmng tasks to signal

meamngful Ieammg

Weuthnawealmofiemmwhmhlﬂimght%momfﬂ. Um end in the end it turned ont
that they weren’t. Like for example when we did nm I had tp try and teach them how to balanve
eguations, But the std Te-we couldn’t talk about valency and stnff like that. It was very diffieult. So
Itried to do it with them and Ithonght that they clicked because we started of with like um a certain
oumber of mavehmiallows you know aud they enjrvyed it and some of them came up with the right
answers, Little did Tknow that the rest of them didn't. They were cloge but vm just sm-when they
wrote the test it was quite clear thet nons of them had any ides of what was going on, and zoné of
the Y-me4n none of the classes, it wasn't only my two, it was all five of the clesses. I think out of
afl of them thtce people got the right answer, you know. So it was really terrible. And theb s lot
of them esc .. back to ine and I Jike explained it again all and this time I gov it right. But I really
thonght that tae first time was enough you know, and obviously it wasp’t. Um nearly-tike that what
I tried to-like they all say, you know, go from the dnown to the urkuown o they got from a tertain
set of marshmwallows and then you’d relate it back, M3 thought it was fantastic, unfortunately the
kids didn’t click. So um I don’t know, now I don’t actually know. That was right at the very end
that I realised that because they were writing the cycle, the Iast day that I was there, So um now I

don’t know 3f they anteally understood anything that T told them, [12/3:10a]
Her strong belief about the role of practical work and bands-on activities int enhancing
the understanding of concepts during learning made her believe tt ,  whenever learners
were engaged in hands-on activities meaningful Jearning was ensured. Instead she found
that hands on activities or pmdtical work or involvement of students did not guarantee
Also reflected in excerpt [12/3:10a] is that sometimes she thought she was engaged in
effective teaching because the students displayed signs of understanding, interest and

enjoyment. Tt was disturbing to Mary to realise later that her students had not really
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learned the concepts. She could have avoided this had she put into practice some of her
prior ideas about the task of monitoring smdents’ progress (see [Appendix 1D:2]). Her
strategy to tackle this in futire is
{..] I think I would giwmmamwm}mmmyoumw,jmnm-ommmm
if they can do it. And if they can not then I kmow I bave to re-do it or do something different or

whatever, _.] I have to be a bit more ciear in what I'm trying to get across becavse 1 think it was
still & good jdes but maybe X just didn’t do it well unough, you know. The idea was good but I

ﬁdn’tmahmymmwmclearandldidn'tmaybsfoﬂowuup Thers was a very-very littls time

in which to do it. [12/3:100}
Exwrpt[ﬂ!&l lﬂa]abovealsos!mwssomedlfﬁcultlesMarywmtthroughmwhmg
without the necestary concepts like ‘valency’, which she considered useful background
knowledge to balancing equations. An clement of self-doubt also emerged as she
wondered;fﬂaeymderstoodanyofthesmmwwnoepmshe&smsseddunngthemm

teachmgpmcuoepetmd A further disappointment followed as she realised that nothing
hadbeenlmmedaﬂgrtwohoursofwhatshethoughtwaseﬁecuveteachmg.ﬁer

assumptions seemed to have compounded the problem. These assumptions were based

on her previous experience as a student and also on some teaching tips given by the co-

operahngteacher These are illustrated in excerpt [12/3: 100]be10w

Wenlammedit[balandngwmjwafmlyeasymaptmgmprml'
never ever had a probiem with it (as & studsit) Ya, you know, I mean I had a lot of
- problems with physics and chemistry concepts but it wes never ons of them. So T assnmed
that it was very simple, And also the teacher told me this is really easy, just glance over
_it, don't spend & lot of time over it. Even though the chemical bonding section for the std
84 X was supposed to only spend 30 mimites on it and T énded up spending ahout 2 hours
and they still didn"t understand what was going azi. So you know I think ¥ cverestimated
- them. [12/3:10¢] -
Some consoling moments followed six weeks Jater when she realised how widely
dispersed the problem was and that other students besides those in her class were

experiencing similar problems with e concepts,

Mary was also disappointed that her efforts to prepare thoroughly for physical science

went unnoticed, In excerpt [12/3:11-12] below she describes her experiences relating

to this disappointment and lesson preparation. |
[...] sometisaes if Y had+if T had this gut feeling that my biology lesiurer was going to be there the
next day then I devoted & Jot of time to biclogy. But you see Jike in biology they placed = lot of
emphasis on preparation, which they didn't for physics [physical science]. I mean it was sort of-M1
said as Iong as you write something even on the back of a cigaretts box, as long 2s I can ses you've
written something, that's fine, you know. ‘Whereas our bjology lecturers were not Jike that, you have
to write every single thing that you are poing to do in the lesson and when and why and everything

you know. And so Idid that for physics as weil becanse I didn’t krow what to do, (Yes). Like I'was.

80 in the dark shout that so I did everything that I would have dose for binlogy I did it for physics
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as well which I think is -je good. Butlwassofrusmdmdmu'twmwmmyﬁleome.

[2/3:11-12]

Excerpt [12/3:11-12] above also shows that there were some discrepancies regarding
lesson preparation between the physmal science and biology methodologies, Mary

experienced a problem understanding these discrepancies. This could possibly explain
why she wanted to be informed what they were doing during the lectures or
assignments and why they were doing it, as illustrated in excerpt [[2/3:20] on page 188

It would also seem for a teacher trainee who had “shaky’ physical science foundations,
like Mary, would have needed closer supervision and more support from the physical

science methodologists. This appearednottobeﬂlecasemthl\dary‘tsshedescnbes

in excerpt [12/3:12b] below.

I prepared probahly more for biclogy, I wrote down more for biology bacauss I knew M3 was not
going to look it at anywsy. But I ended up preparing the same way, you know. I made sure I had
objectives for each leason and Thad overbead transparencies, whatever  fad 10 have for bmlogy X
- would have had for scicnce also you know. If I hadn't-if I didn't know it was expected of me in
biology then I would have Inid back for the science. 'm gia_dIdld thongh (va) beeause you know
I thiok I should have needed more preparation for science than I did for biology. (Why is that?)
Because biology Iknow more. So {pause} (chemistry you feel a bit uncertaia?) Physics I feel even
more uncertain, {12/3:12b]

The above excerpt also shows how she felt about her science preparation but she lacked
the extrinsic motivation to work harder at it. She also admits that she experienced more
difficulties with science. Some of the difficulties related to subject matter knowledge,
some she felt were related to lesson preparation and others w a lesser extent with

classroom control, She recounted her difficulties thus:

I...] sometimes I thought that T had prepmd properly but my content wasn’t thit good. Like they'd
ask me a question and I think "Bhh!" I had no idea what they are trying to say. So that was
sometimes the probiem. It dida’t generally hoppen because Thad good rescurces to work from and

Willy fone of the cooperating teachers] gave me you know good workskeets and good notes. Sa it .

waz genarally ok. It wasn't great. I know in biology if they ask me something T could angwer i,
uguslly, T mean a couple of times T could. But it wasn't as bad as with science. But algo the problem
was with the press. T would do the pracs and it would work perfectly, no problem., When I did it
with them and it was a flop and I was in 2 Joes [...] I was very frustrated because I knew that with
me when 1 did it by niysels the thing wurked. And when they did it or when I did it with them or
1 demonstrated it to them T mean it dida"t work any more. (Actuslly that was discussed in one of the
Physical science methodology léctures) Wa. But you see after having it done once and it worked the
first time, then I didn’t expect it not to work again. And that wae very frustrating, But then thers

were some which worked much better than Thad expected them to work and I liked it. [12/3:25]
'Ifhough she managed to get round the problem of failing experiments it was been
embarrassing forhertobeputmmespothghtforawhﬂe.Alsoamzrgmghmmthe
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effiect of limitations in content on understanding stodents’ questions or answering them
satisfactorily. '

She appears to have found her own teaching strategies in science rather limited
compared to those in biology in that though it was possible to do a lot of practical work
in science, sometimes she used chalk and talk, like when she was teaching chemical
bonding. She also said that

- 1 found thet in hiology Iused an inguiry approach most of the time. But for science often I couldn’t
! . do that becamss I didn’t fee] that comfortable with the subject (ok). Se I didn’t need that. Whereas
F T reslly conld have but with biclogy I did it & lot more. Um especially. with the std 7s I fonnd that -
- oo T was just telling them stuff and they wers just writing it down apd if they asked questions we -we

. _ would discuss it (Ya). But I woulda’t really you know ask why do you think this happens, this

happens this happens and they wrote it down snd I was kind of [paase] (Ok. Was that due to your

discomfort in the subject matter) and also lack of time bacanse I realised that I had spiit wo much
' time balancing equations and IThad to like finish the section. (Ok), Ultimately at that rshool you have
;' ' to get through the syllabus, I'm sure it’s like that at ost schools (mh) and you know [pause}. So
: ' ya:fIhaﬁhadmorehmethenmaybeIwuﬁhnvsfelt[pmse]ya.Yaasyousnwaqsmtthat
: - comfartable with the material. [12/3:12]

1 | From this excerpt the effect of limited familiarity with the subject matter can be -

. observed, She acknowledged that her classroom discourse was predominantly didactic,

- without much exploraiion of why things happen the way they do. This limitation was
alsoobservedmherteachmgpracucelessonsasdescnbedbelowmsecuon7 10.3 on
guestioning style and hand]mg of students’ questions. Similar observations to those
experienced by Mary with regard to restricted discussion of students’ questions in
unfamiliar territory, have been reported by Carlsen (1993).

‘When addreseing unfamiliar topjcs, teachers wiil restrict opportunities for students to azk questions, .
They also will 1imit the topic of clastroom: conversation to areas where their special status as subject
matter authorities can he maintsined (Cartten 1993:471). :

Mary also experienced problewus reconciling what she had to do in the school with what
was suggested in the methodology lectures. An example to illustrate how she perceived
her predicament regarding chemical bonding is given in excerpt [12/3:21] below.

I mean we understood what the problems were, but we didn't know how to solve them. And wm I
don't know, I thivk maybe if we had spent more time. I don’t know maybe if the aim wa to try and .
come out with something concrete on how to actually then teash chemical bonding we would be [
betier. I mean F'm in no position to now decide *his is how I'm gonng teach it. {...] She [M1} ’
doesn't conie up with anything on how you shou'd, considering the fact that they now have to writs
& cortain exsm at the end and how you can teach it. The thing is they have to do things like the
_ o Lewis structures, they have to do all these different things, that are prescribed to them by the
S ¢ . syllabus. And then she wants to teach them something completely different. Great you can teach
themn something completely different, but how ars you geing to reconcile that with them having to
write & standard « .. 2m af the end? T still don't know what to do about that, And Il probably go and
teach them exactly what everyone else lins been teaching them. If thay sll wrote the same exam you

193




- gp—-

“ - o '{a :

know that I was solely responsible for,atlea&lwmﬂdbaqnitahappy Bntﬁlenwhatllappmwhm
they get to st 8 and they and #td 9 and they don’t know how to draw a Lewis structure? And they
have to know that. Yo koow nm what do you call it an “jonie bond is a transfer of electron”. Now

if they"ve nover met this beffore thieir std 9 teachers can come and hit me, [12/3:21]

Aswillbesaminﬁﬂsexoerpt, theph}sical'sciememethodologylecturez; helped
identify problems of misconceptions the preservice students were likely to encounter
in the schools. Even though some hints on how to deal with some aspects of chemical
bonding a* school level (see chapter 4 and Appendix 4) as far as Mary pevceived those
ciass discussions no concrete and applicable solutions were proposed for addressing

| these in the field. mﬂaismpequsexpwmhonsﬁmcoummnotftﬂlymet

Some areas of content were addressed and she developed confidence in that, But
someum&s,asmthcmeofchemlwlbondmgdmbedm[ﬂﬂ 21] above, she felt she

~was left hanging and was very unhappy. Thefrustmuonwasaggmvamdbythefactthat
 she was given school notes which she had to follow closely and which did not comply

fuﬂywiihthoseacquiredﬁnmihenmhodologylechn'es The resolution to maintain the
status quobymchmgchmmlbonmng the way every body does it is an indication
thatthedlscusmonheldmdmtreachher :

Thesemﬁimﬂﬁeswemagmnoonﬁrmedmtheteadnngpmuoelessons asshetnedw

- emphasise jonic bonding in accordance to the school notes and posmbly the syllabus in
Jight of what she knew as discussed in the physical science methodology.

" Right now when we are talking about sodium chloride yoit have to remember that in jonic bonding
the electrons spend more time aronnd the one element that the electrorn. hies been donated to. That
eloment has acgepted the electron, In the case is the {calcinm) chlorine (sorry ma’m). Ok. Have you
all got this down? {..) Got it? Ok. What about those molecnles remember thess three, one you've
got covalent bond which .., equsl shating, At the other extreme you've got jonic honding, which
is & transfer even though the elestron does move around the other element which has donated the
electron, it is still a transfer, Ol The sodivm is giving up fhe electron wo the chlorida [eic]. That
is iomic, What sbout £l those raolecules in between those two? Ok. Those are called polar covalent

bonds, (polar covalent bonds). Ok, this js an unequal sharing of electrons. [30/8/94:21]

7.9  Mary’s knowledge of cliemical concepts

Mary’s concepts of chemical bonding were obtained, together with those of the other
student teachers in her class, by means of a diagno” ic tests (see [Appendix 2A]).
Attempts to do the same regarding her concepts of acids and bases were unsuccessful,

An admission she made in an informal discussion and then repeated in an interview set

up provided information on the status of her knowledge of acids and bases [Appendix
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I I think before we get coto that remember I seid I wimtad evidence to show that you were unshle to
mmrﬁmquem[oummmrm] Yousayynulmm’t[pm]gobacknﬂmywhat
yeu ssid to me (whea?) Today
Today. I:ﬁdwrdm:gthﬂnd:dn%ruﬂymbmulmm’tmﬁequuﬁm
'anymy.&,Imybeeouldmmrjustm,let'lhohnneﬂhere,andﬂmonesa:theendwmthe
worst. At least the multiple choice I could guess.
Ymmmmﬁnthmrwyglvmnmmﬂuﬂmofymi&umwmm
‘Well if T really haven't a clue well I'm just gonna guess
ﬁhmﬁmmwbmlmmﬂmﬁalmmmhmmmm“mmq
yet it is not really a misconception it’s a guess. May T ask how much time did you spend?
WellImnkitandeﬁ:inhngnbmtitudllooke&atmltwaspstthatlgotwdiwm;adﬁm
¥ conldn’t auswer any of ...

Whenwuihelasthmymdidacidsandbauﬂ
Wﬂlmdidthamm%ath&aywﬂhﬂi,butﬁmwed;dn&rmﬂygoﬂmughﬂmmﬂembym

" know sotnslly covering content. She just- we did expériments ok, But didn’t like cover sny content.

The last tiome Tdid anything to do with ecids and basey was in firet year, (Hlow long ago?) 1890, ...,

@ [12/3:231

 Something similar could be said for chemical bonding. As far as the chemical bonding
gesunmmrewascmomadhermponses werenotlmpzesmve exthetas:eﬂectedm

Table 7.4 below:

%

gh’ g h""g?-"

'I'a_hle 7.4 Summary of Mary’s resptmses for the chemical bonding diagnostics

T A T A,

'Responsss in Pre-test Responses in Post-est
{Clns averags 4.5) - L
- 1. A: (no explanation) 1. *C: (no explanation)
2. C: (nc explanation) 2. C: weslk chemical bonds can b casily broken
3, *C: (no explanation) 3, B! (no explanation)
4, C: (no explanation) 4. *B: (no explanation)
5, A: (5o explanstion) 5. *C: (no explanation)
6. “C: {no explanation) | 6. *D: (no explanation)
7. *B: (no explapation) 7. D: (no explanation)
8. *B: (no explanation) 8. #B: (no explanation)
9. €: {no explanation) 9. B: intermolecular "bonds” arebmkmdunngmzlﬁng => this
10. *D: {no sxplanation) ic  physicat process (as opposed to bresking intramolecular
: : bonis which is a chemical process) '
10,  C. (uo explanation) |

- From Table 7.4 one obvious and imporlnni feature is that in both tests she barely gave
reasons for her chosen resposnses. On the bases of her scores on the multiple choice
~ responses she did not undergo much concepival change towards a better understanding
~ off the concepts discussed in class as shown in Chapter 4.

Oneobvmuspattemofchangesoabetterundrrstandmgofﬂlenamreandongmofﬂle
chenucalbondxsreﬂectedbymnectmspons&shquesuons14and5mmeposttest
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which was niot the case in the prefest. Her response to questions 4 and 5 in the pretest
are actually complementary, Both display a conception that electrons sharing results in

bonding between two atoms. Of concern is the change from corréct to incorrect

responses for questions 3,7 and 10. It will be noticed from Chapter 4 that questions 3
and 7 relate to understanding of intermolecular and intramolecular forces. Her
performance in the diagnostic test is consistent with her verbal statements about the
sessions dealing with chemical bonding, (see excerpt [12/3:21] on page 193-4),

7.10 Teaching practice cbservation

7104  Theschool _' .
Mary conducted her teaching practice in a very formal boys school. The school is
located just outside of town. Tt is a model ‘C’ school and is historically a white
govemment school which started admitting other race groups in 1992, Sporting and
'learning facilities are very good. It is academic but accords significant status to sports.
The school runs classes from sid 6 10 sud 10 o

7.10.2 The laboratory: _ _

A brief description of the laboratory is given to show the environment in which the
lessons were conducted. The laboratory was about 8m x 6m. There were four long
benches arranged paralle: to the instructor’s table at the front, Each bench could
accommodate up to 8 students, 'The last two benches at the back were fixed and fitted
with electric terminals. There were two double gas taps and two single water taps, The
teachers’ desk was fitted with sockets, a double gas tap and a water tap. There was one
overhead projecior and screen at the front on the left. Two periodic tables were
avaﬂable, one hanging on the front wall and the other on the back wall. The walls had
paintings of previous scientists from about 300BC and fhe solar system and atoms in
_ three dimensions. Water molecules, magnets and magnetic fields demonstrated by jron
filings were painted on the ceiling. I did not visit the prep room, but with this
description it can be assumed that the school had good facilities to teach science at
secondary level. | | | |
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7.10.3 ~ Classroom chservation

General featnres _ _

Ten lessons were observed two of which were thirty minute lessons and the rest, one
hour lessons. Only four of these lessons, representative of her teaching style are used
in describing Mary’s lessons. The observed lesscns started five to ten minutes late
because students were generally slow in coming info the iab, They also remained noisy
mﬂmmmwmmmmmﬂemmndsethMghoutﬁe'
lessons. She Lad problems with classroom conir. 1. This was something she was aware
oflmgbefomwacMngpmcnceassmeammeexcerptbeiowregardmgwnuoﬂmgthe
class [Appendix 1D:1}. .

I think it's erocial [..] otherwiss they'rs going to take advantage of you and you're nut going o eble
to teach them gnything and they wonldn’t be able to léacn anything [....J You have to b able to
maintain a certain amount of control over the ciass. [...J Thave no idea what 7 would do but when
Tlook I'm golng to try and teach at School Z in Angust I don’t know how I would fare with 30 little

boys (Mh) We'll see hiow they tune in. [11:7]

Students in her classes appeared fairly playful, chit chatting most of the dme
particularly when the co-operating teacher was absent. The only time she obtained
reasonable silence was when the students engaged in individual exercises like guizzes.
However, she did not seem to be disturbed by the noise. Only when the it became
unbearable did she iry to exert some control, though not to get absolute silence. She

- used various ways of dealing with the noise in the class. To draw their aitention she

would bang on her bench or ciap her hands or call out like

You at the back ghnt up! Or [...] Skhh, Boys I'm sick and tired of waiting ... (...) Shut up and
Bstes. [...] First break Monday [Detention]. Now can we carry on. [26/8/94:9]

At other times she deait ditectly with the problematic student thus

M: Ned plerse come and it in front. [students continue talking] Ned! jthe noise is oo much] Boys! Did

you hear the question here?
81: Ya Ms’m, Ha'’s got the answer.
M: Ned come and sit here. Teke your stuff and movetl. Boys! Shut up. I don't wanna (Noise reduce

alightly]
52: ‘We can’t hiear yon ma'm,
Ss; Stihh Shhh.

M Ya that’s because you are making too much npise, [30/ 8/94; 19] _
The numbers 1 and 2 in the excerpt above simply denote that different students spoke.
They do not denote that all the students in subsequent excerpt bearing the subscripts are
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the same students, Consistency could not be maintained because of the high noise levels

during the lessons and also the fact that as an observer I was not familiar with the
students to keep track of their verbalisations and behaviours by specific individuals.

With regard to students’ responding to her questions, there seemed to be no established
order of responding to teacher posed questions. Sometimes she asked the students to
show by raising hands that they were ready to respond, but it did not work because
they were apparently very used to calling ont answers, very often simultaneously. This
kind of student behaviour, shouting of answers at random, could be aitributed to the
fact that Mary freguently did not direct her questions to any particular student. This
meant that her questions were open to anyene or everyone. Students also followed the
same procedure of just asking questions at random or inferrupted her whenever they
desired. These assertions will be illustrated in more specific excerpts quoted in the

 description of her teaching methods, questioning techmique, handling students’

questions, given below.

Teaching method

Parts of the topic, chemical bonding, observed while Mary tanght during her teaching

practice were very theoretical and abstract. The cooperating teacher acknowledged this
and the difficulty students tended to have with the topic. He was thus willing to help
Mary deal with these difficulties efficiently but also possibly so that he was not left to
"unteach” incorrectly taught concepts.

So even though Mary believed that science at secondary level skiould be taught “with
lots of pracs" she was unable to put this into practice in this case. However, She tried

to involve her students in the teaching and learning process. Sometimes she used

individual activities like exercises, but mostly she engaged in whole class interactions
where ail the students participated in class discussion, posing and answering questions.
She also used audio visual aids like charts. In this way she made her lessons less
expository, despite her inability to conduct practical work for this section, Student
involvement in Mary’s lessons took several forms such as the high frequency of

questions directed to the class; sending students to the board to present their ideas or -

make corrections on others® presentations; procuring the opinion of the class regarding
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other students’ responses; frequent class quizzes and exercises. For example:

w HO
M:  Xiow are we going to represent the water molecule in the coarse of drawing |~ 1 -3 tH :‘,‘;
2 Lewls atructure? How can we do it? Yes. [to S1) Cqa *
Stz Ons hydrogen plus two oxygens er one oxygen and two hydrogens, 1

M: How are you going to do it? Right come up here and draw a water | .
molecule in the form of a Lewis strocture. ... Shut wp and pay attenfion. x"o”'eﬂ
|stadents continue talking as S1 draws as in figure 7.1] Is that how we | - F”:H

draw a Lewis stracture?
No. I went a Lewis structure ...... Come and help him please, (8: Mo Fipyre 7.1 Lewis
ma'm.) and you better watch .... if anyane it asleep and so you bettér goprture for water
waltch.
§3:  Shhh. ' ' : .
‘M Ok. Look st this. (Yes) This [representation de= /1 by S2 in figure 7.1] is wreng and why is it
34: Becsuse the two stome are supposed to be the other side of that.
M: Can the hydrogen have two have four electrons in one energy leve??
C85: No. [26!8[94:11]
Qumhoningtechnique

The description of the questioning style will include both her questtons and het handhng
of students responses to her question. As alreaﬂy mentioned above Mary, generally left
her guestions open to the whole class and rarely directed it to specific students. As

mentioned m previous two chapters this technique can be advantageous, Questioning

style was also analysed in terms of the type or cogritive level of the question posed.
The analysis reveals that most of the questions Mary posed were recognition or recall.
Mary’s involvement in this kind of questioning is shown by the high frequency of
questions which required students to draw on their previous knowledge and give direct
correct answers, The excerpt given above illustrates this point fairly well.

There were also teacher posed questions which required more than recognition and

-recall from the stodents. Such questions are described by Avalos (1991) as

process/explanation questions. These question allowed students to “hink about the
sitnation, give explanations or draw relationships from availe' A» information.
Answering this kind of question by students was usually partially successful. Thus these
questions required Mary to probe students’ ideas further to enable her fo elicit the

desired response. For exampie:
M: Robert, [pause] what is & bond? If we know how to represent 1t, what is it?

R When two stoms combine.
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St: Reaction. : .
© M:  ‘Resction. Ok. Bux think about ... pretend you have the strongest microscops in the world to see
them, Wihat ir 2 bond msde of? Why are these stoms together? What keeps them together?
Electrons.
M Hiectrons., What about the electrons?
8§3:  Farces. _ _ .
M: ‘What happens to the elactrons, remember your definition of valeacy. What ig the cefinition of

valency? Everyons keep quite so fhat Mark can read it to us, [Mark resds definition] Ok. What is
|  the valence clectrons? (...) Let me give you a more complete definition. [30/08/94:20]
Tn addition to showing Mary’s probing, the above excerpt is revealing regarding Mary’s
limitations in her knowledge of chemistry sach as chemical bonding. Note how her

~ biological background infiuences her thinking that it is possible to sce a chemical bond
_ thmughamcrusoape Also imbedded in this suggestion is that a chemical bond and

electrons have a physr,cal emstence Her guestioning style in directing students to the

' response she wanted scemed appropriate. The problem was that she did not exploit

students responses to her probes For exampie she does not pick up on the issue of

forces and relate it to bonding as was done in the university based HDE courses. She
~ was apparently rigid and stuck to the particle model of electrons, which was probably

what she prepared for ber lesson. This conviction of the particle model of the electrons

~ and that a bond is a pair of electron also based on the same belief were demonstrated
_ mtheclassm on chemical bonding held before teaching practice. This was described
- in Chapter 4. | _

The excerpt above also shows how she handled students® responses to her question by
probing or rephrasing the question, Sometimes she simply re-explained the concepts to
help the students understand them better, One such example relates to the students
thinking that the spd notation could be used to represent bonding. This may be easy for
advanced levels but quite difficult at school level. For example:

M: Ok boys. Remember 1 iold you a bit about bonding, [..] What is the easiest way for you to represent
& bond? Hands up. {...] _

{studentz call out a sumber of ways: Lewie structure, suf ban diagrams, magic spectacles diagrams]
Formulae, What else? spd notation.... [indicative of some doubt] _

8: Why?

M: spi notation is when you [...] write the auf bau diagram (S: in short) in short. Remember you have
the (S: Lewis structure) you have for example hydrogen that would be {H 1s'} because in the first
energy level in the s orbital you have one slectron. Remember that’s (S: yes) the spd notation.
[30/8/94:15)

1t will be noticed that her questions were generally of low cognitive level, demanding

very litfle from the students, The questions were mzinly serving as atternpts to keep the
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students’ attention and interest, Her responses to students’ answers were fairly restricted
to the topic.

Handling of students’ questions _
Mary's shortcomings in chemical knowledge were further exposed during her attempts
to answer students® questions. Students posed a range of question types: such as simple
knowledge questions answerable with a direct correct answers like “What is a neutron?"
"Does it have a negative charge?” toﬂlosewhichrequired her to explain certain
concepts and phenomena. For example; |

M: . Anything ending in -ate shows there is oxygen present. Naming HSO, hydrogen suiphate.

S1:  “What does the mims mean?

- M It reans there is one extra electron in the compound ion. [17/8/94:2]

Her responses did not always demonstrate a deeper uncerstanding of the concepts she
'was attempting to explain. The excerpts below are inciuded to support of this assertion,

M: You don’t write ¥, (Why?) That's not how it's written.
[}

M: . 'Write down the chemical foymnia for the following compounds.
[Again she goes through the list with the students but sallows PY
students to select the compound they want to respond sbout, They g2t cox

- start with (g) Calcium carbonate] - 3

M: Symbol [Writes Ca Ca®* as a student calls out the formula, fig.

7.2] Let’s work it out just in case somebody does not know. [She

goesthmghtherules,nshngleadmgquesums]msthecharge CaCO,

_ on the CO, jon? _ .
Sg: negative, Figure 7.2 Deriving
M: Ya. but how much? . chemical for caleinum
Se: 2 gegative, ' _ carbonate
M; Why?

Se: Becsuse the charge on. CO* fon?
M: Why becsuse it says so. Memorise these. [18/8/94 51

It is surprising that in the case of HSQ, above she explained the presence of the minus
sign using an excess electrons while in the case of CO;* she does not use the same
explanation and actually does not explain it at all. She was not consistent in her
explanations. This inconsistency was also observed by the students regarding chlorine,
thus: - ' -

M:  You know that chlorine exist 25 a diatomic molecule. Right. You know that chlorine exists as 8

diatomic molecule. Remember.

:; : ];:.twhenymdone(aic) with HCl it wasn’t a distomic molecule.
M: My mistake it was supposed to be diatomic. {26/8/94:12}
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She apparently had problems explammg why iron (1) nitrate was Fe(NOy), and not
FeN,0™,. This could have been a difficult questior for many teachers at that fevel. Her

attempts are demonstrated in the excerpt below.

M:. [...] What is the volency of Fe in jron () nitrste? [They go throuph the steps of dete rining the
formule] .
: Why don't we say NO to the power of 3;
S ‘Why not NO?
H Fmﬂosnmmstbatthemmsoxygmandlm&ogem
St And NOq?

M: This is a molseule form, We can say thaorehcﬂlythat:tumocbutatmuldbed.ﬁcmfaryau

For FelN,0, are you going to know that this represent the nitrate jon {8s: No). Yeou will ot kmow
what is gaing on. You will have confusion and chaos,[18/8/94:6]

Sometimes she ackno#vledged the difficulty of answering certain questions as that of
explaining the polarity of certain bonds such as in the water molecule, An episode to
illustrate her attempts is presented helow:

M: So how cen we represent this fwater molecule] without crosses mmclas?ﬂowdldlreprmmthe
methane? _

8s: Anf Ban, . H

M: Intam:mnsa:gn,n;’s a line and I can draw it Jike this. [Writes O\H 1 (....) those

are not Tninug signy, it is lines, Ok. That is hvacan #iso reprssen? this, (...} Why's there an
unequal sharing. Becanse just like with your sodium chloride the electron spends most of the time
around the oxygen.

51 Why?

M: That is difficult to snswer. {...) Il find a siinple explanstion, {...) So what happers iz the electron
rrend time ar~- the oxygen. What do you think that will do to the oxygen?

82: ¥ il make it ¢lecironegative.

M: 1t will make it more negative and the hydrogen, what will happen to the hyirogeu? What will happen
to the hydrogsns?

Ss; Positive,

M: They will become more positive. Ya;gentlemenanhehack . on to this. Ok, They are more
positive becausa the electron that ususlly tvavels around the hydrogen now moves up to the oxygen
and spend 1 Jot of the time around the oxygen. But remembe: this is not an jonic bont.. This i8 not
a transfer. The four share them but Laey just don’t get them equally. So that's why these two young
mﬂnhavemdocldethatonemﬂgetthetextbmkforfanr days and ope will get the textbonk for
three days. That is unequal. The electrons spond most of it’s time up here on the cxyzom.

[30/8/94:223]

Notice again how she does not pick on the key word "electronegative” which is
fundamental to the polarity of certain bonds such as that in water. Electronegativity,
though raised slightly later than when it was needed, could have been used to zlso
explain why the electrons tend to "spend more time® around the chlorine in sodivm
chloride. Instead she used an inappropriate concept to explain this as shown in the
excerpt helow:

M: ..} Can you explain what I said fofrm'sbmﬁnrmnmwwhs:mdiuaying.

N: Right electrops are trausferred from the Na to the Cl and they spend most of the time sround the
Tl .
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M: 'Ihat'sﬁghtTheyspeﬁdﬂontoftheirﬁmmmdtheCL
S: Wk .
M: m£m1tmm@mmnmwnmmmemmw1e Ok. Jf-remember
your ion, mmﬁusmda[lqﬁ}mum&ﬂypodﬁuanﬂﬂ:montbﬂmﬂe{nshﬂsnmaﬂy
negative. [30/8/94:20]
Some of the difficulties she experienced couli be linked to her imitations of her sebject

matter knowledge as she acknowledged earlier (see excerpt [12/3:12b] or page 192) As

will be observed in some of the excepts above her response reflected shaliow

understanding like telling students that *it does not happen Jike that" or “because it says
so" and encouraging them to memorise things. It may be advisable to memorise in this

case because the students are going to be using these formulae fairly frequently, but if

they request an explanation it could have been mere profitable for the students to get
one, which was not always possible for Mary to give.

~ Other difficulties Mary experienced also raised in the third interview, included
integrating the conceptions of chemical bonding discussed in the university based
classes and those presented in the school notes, The following excerpts will show that
while she emphasised ionic bonding involved the transfer of electrons as expected at
the school, she also informed the students that the supposedly transfesred electrons still
spent some time around the donor atom as discussed in methodology classes, The
emphasis of electron transfer during ionic bonding was further illustrated by means of
an analogy involving a small statured person and person of large structure, like Amold
Schwamenégger. Unfortunately students seemed to enjoy the analogy rather than the
concept it presumably illnatrated, as shown in the excerpt below.

M [..] Who knows Nick Moralis? "

S1:  He was a scientiat

M:  He was a solentist in ..... Ok. He's this little blimp. Who knows Arnold Schwarzenegger.

M: R:ghtha‘sﬂusmeandudemthhtsofmusclesandhewm ». Imagine Nick Moralis snd Araold

Schwarzenegger have to share something, Right, And Arnold doesn’t want to share and he will just
grab it aud Nick will have absolutely no say.

Did you get the metaphor picture [students continue talking and she draws their attention by clapping
her bands three times] Can I have your attention please, I have ex) Jained the sort of thing that
heppens in jonic bending, Right, You have certain elsments which bond together, The one will give
up an electron and the other will acespt it, Right. that's the other extreins of covalent bonding.
Covslent bonding is perfect bonding, perfect sharing sorry,

N: Who can aec this .7 :

M: Ok.Incovalantbondmg,Nedyouhaveperfentammlshmng,mmmcbonﬂmgoneatomgmsup
& electron to the suother atom, [30/8/94:17]
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Another area which demonstrated further the **fluence of her limited chemistry content
or problems in reconciling expectations from the school and from the methodologists

 was in the discussion of the covalent bond. During those episodes she emphasised that

covalent bonds were characterised by the equal sharing of electrons. Though equal

- sharing of electrons is true for bonding involving identical atoms as “he mentions, she

also stressed the idea that diatomic molecules are homonuclear, For example:
The electrons spend the same amonnt of time around each of the atoms, So pure covalent bonding

in absolutely eque) shaving and can only oceur in diatomic molecules. What do you need to kuow
about the diatomjs molecule, Bothammsmomﬂywhat? What is nice shout diatomic molscules?

Theyﬂlmequaﬂy

What is 50 specisl gbout the atomn in the diatomic molecules?

Equal sharing.

Valency is one.

‘What is special abmtthoamm, is hydrochlono aszid adw:ommmolemlo {probably meant hydrogen
- chloride]

Ya. '

No. The atoms in a diermic molecule sre exactly the same. nght.Sotheycan:hareequally

[30/8/94:17]
Mary was faced with the difficult task of merging the two, vizelectontransfer and
electron sharing in bonding. ‘This was further complicated by her inadequate knowledge
of chemical bonding concepts. Considering that her students’ notes categorised bonding
into three types covalent, ioric and polar covalent, she conld not then portray concepts

B

- which appear to be in direct ¢oadlict, i.e. that bonds are the same and only differ in the

degree of polarity, : :
Also worth mentioning is that throsghout her lessons on the chemical bond she

emphasised the conception of the bond as being constituted of a pair of electrons. This
conception is dominated by the particle model of the electron she also displayed in
university based classes '

Inadequate knowledge of subject matfer can be a barrier to effective teaching (Lee
1995). In the observations of Mary’s lessons it was found that she presented and .
possibly passed on erroneous ideas fo her pupils. Sometimes these were ideniifies and
corrected by the cooperating teachers and remained unidentified when he did not attend
the lesson, For example that bond polarity has something to do with ionisation energy.
Observation of Mary’s teaching practice lesson and her own acknowledgement bore
witness to this assertion. She was not sensitive to students’ questions in that she was
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unable to vnderstand the questions posed by the students or was sometimes not ready -
to answer. Of course teachers are humans and susceptible to errors (Goodwin 1995),
but there is a limit to such errors. Also she could rot apply inquiry approaches when
teaching physical science as she claimed to have done in bioclogy, her major.

7.11 Profile summary:

Marycame from a school which had adequate facilities forteachmgsecondary science,
but students still did not do practical work, She felt she went through secondary science
without much understanding of it. This experience seems to have influenced her belief
that science shoald be taught in an inguiring way and with a lot of practical work.
Unforiunately she did not demonstrate either of these approaches drring the teaching
practice lessons I observed. She, however, encouraged student participation in her
lessons through questions.

Her expectations of the physical science methodology course were based on ber
description of her best science teacher. Like Ferrial, she appreciated those course
activities which promoted her teaching skills like organising practical work, mini
iessons and test design. She disliked those where instructions were unclear, were time
consuming and bore no apparent relevance to helping her become a science teacher.

* Her views of science were dominated by processes (cbservation, experimentation,

hypothesising) reflecting an inclination towards the empiricist or objectivist conception
of science. She also believes that science involves discovering and explaining how
things work, Her views on the nature of science did not appear to change much during
the year of study. She seemed convinced that there are different ways of doing science

- which depend on the topic though end the results must accurate and repeatable. She

thus rejects classifying other disciplines which cannot meet this requirement as science.
There was no evidence in the teaching practice lessons observed that she demonstrated
this belief, though she may have in other lessons,

Maty views science teaching as presenting knowledge which is unfamiliar to the
students, expiaining and clarifying concepts, clearing misconceptions, giving correct
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answers and getting students interesied in the tasks. Mary belioves in inquiry based
 learning snd the teaching of science by engaging students in practical work. Her school
experience provided her with the opportunity io try these belicfs. She found that the
inquiry approach worked very well for biology but not for physical science. For
physical science she tended to adhere to brief answers to student questions. Also her
questions to students were Jargely recognition and recall with very few explanation
questions. Stodents’ responses to explanation questions were partially successful. In
such instances Mary followed up with some probing to elicit more cdmplete answers,
In the process she sometimes failed to recognise and use suitable responses from
students indicatipg an inadequate knowledge of the concepis to allow sensitivity to

Mary also had problems reconciling the school notes, which in some instances

conflicted with the way concepts weze discussed in the physical science methodology
lessons on chemical bonding, with the recommeénded discussion of the concepts. Faced
with this dilemma she taught these apparently conflicting ideas alongside each other.
For example, when discussing bonding in sodium chloride she told them that the jonic
bond was formed by the transfer of an electron from the sndium atom to the chlorine
atom as required by the school notes and also told them the electron spent time around
the sodium atom as discussed in the HDE classes. She appeared to have only pa. ialty
understood the discussion in the HDE class, so she had problems applying the
“recommendations on how to handle conflicting ideas of this nature. She did not appear
to have modified her particle conception of the electron even though this aspect was
addressed at length during the class discussion on chemical bonding,

As an observer 1 thought Mary had class management problems. Her classes were
generally noisy. The only time she had reasonable silence was when she had them
working individually on a quiz, class exercise or test. But even then some students
would be throwing things around and asking questions without seeking permission, She
did not seem to mind the noise and only stopped the lesson when the noise became
excessive.




4

- Mary acknowledged that her knowledge of chemistry and physics concepts was limited,

Shedi_dnotretumherdiagnosﬁctestonacids?andbasesbecauseshefelfshemuldnot--”
answer the questions. On the issue of_thechemica'lbondinfgclasses'she felt that only -

" problems relating to the topic wéxeraisedbutﬁo_sufategiﬁ were presented on how to

teach chemical bonding. The results of her diagnostic test on chemical bonding

 apparently confirmed these limitations and feslings shout the HIDE lessons on this topic.
Her scores in the multipie choice sections were below class average. Tn the preiest she

didndt'giveany-uxp]anations for responses andinﬂmpost_test her attempts were
limited. In general Mary’s understanding of concepts in chemical bonding was poor. -
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8.0 DISCUSSION
In this study I set out to explore and describe as case studies the foilowing aspects of
three higher diploma in education secondary science preservice teachers:
their experiences of the HDE programme with particular emphasis to the
physical science methodology;
. _ conoepuonspfsclence,moeteachmgandlearmng
. and aspects of their knowledge of chemical concepts in chemical bonding, acids
~ and bases of the HDE class.

e howﬂleserelawmﬂlemstmchmalbehmomofthemmeparmlpantsdunng

teaching practice i
During the process, their background and prior experiences were also explored. The
three students were found to have varied background and prior experience, Mary came
from a school with a great potential for teaching science effectively, Ferrial came from
a government school without much to offer in way of science teaching. Andrew came
from a church run private school with its own limitations in science teaching. From
what they said none of them had a good science background prior to tertiary education.

The three preservice teachers held different views about good teachers. Andrew’s
perceptions of a good teacher were humanistic based (enthusiasm and discipline) but
also being knowledgeable about the teaching tasks. Ferrial viewed a good teacher as
one who facilitates learning, one who is available for the students when they need
her/him and one who makes the students more responsible for their own learning. Mary
agreed with Andrew about the teacher being knowiedgeable in his/her subject discipline
and in possession of management strategies for effective class control. At the beginning
of the HDE programme alf student teachers were asked $0 state their expectations from
the programme, partlcularly the physical science methodology, While Mary selected
attributes and practices of one of her former science teachers to model her expectations,

Ferrial's were in direct conflict to her former science teachers' practices, The three
students shared similar expectations in certain aspects such as acquiring the ability to
explain concepts effecﬁveiy and confidently and to deal with misconceptions. There was
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also a strong influence of their school experiences on all their expectations. Ferrial’s
and Mary’s expectations exhibited influence from their previous experiences. This study
provides supporting evidence that prospective teachers enter teacher training
programmes with well formulated views of what being a teacher means and about the
training they are to receive (Carter 1994; Aguirre and Haggerty 1995; Cole and
Knowles 1993). '

Motivation for choice of teaching profession

Ferrial and Mary were novices in the sense that they did not have any teaching
experience, Both had other careers as their first choice and teaching was an altemative
cageer after realisation that their first choice careers were no longer plausible, The
motivations of the three students for joining the teaching profession were different,

'Andrew wanted to be in the profession from the time he was a school student and did

not show much interest in carcers outside education. Ferrial and Mary joined the
profession simply because they had no choice. There were no immediate employment
opportunities in their preferred careers. Ferrial felt she would stay with the profession
though not necessarily at school level, but Mary was undecided. These findings reflect
realistic intentions as was also found by Steinberg (1985). They all acknowledge that
teaching is an important profession despite the lack of antonomy, lack of responsibility
for teachers’ actions and the low status, Both Ferrial and Mary thiought that allowing
autonomy in the teachers’ work placé could improve the status of teaching.

| Conceptions of science

The student teachers showed both similarities and differences in their conceptions of
science. Mary’s statements suggested that her coneeptlons of science are inductivist
oriented, According to her, science is concerned with the logical gathering of concrete
measurable data, which should also be repeatable; discovering through observation and
expemnentmg Ferrial sees science as doing research over several years and believes
that scientific knowledge does change. She also acknowledges the mportance of
observation and experimentation in the advancement of scientific knowledge. Andrew's
initial conception of science was dominaled by the process view and excluded the
factual knowledge aspects. These views became modified during the HDE course so |
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that he later viewed science both as the process of geperating knowledge and as the
knowledge itself. He also acknowledged that the knowledge thus generated is not
always complete or satisfactory which could imply _ém awareness that scientific

knowledge changes. Howevertheideaofscien@éasahummconstucﬁonandthe

importance of consensus did not emerge. Though Ferrial mentioned it in her assignment
it did iot seem to be an important point for her to remember. Ferrial and Andrew both
agreed on the chamging nature of scientific knowledge. Ferrial and Mary both
acknowledged the role of human cnriosity in science,

All subjects displayed : similar conception of science in its ability to explain how
natural phenomena occur and the involvement of observation and experimentation.

They all displayed the importance of scienice content knowledge by discussing science
concepts in their lessons. Andrew and Mary demonstrated that scientific knowledge
changes over the years, when discussing the Arrhenius and Bronsted-Lowry theories
of acids and the history of the atom respectively. Whether they successfully conveyed
the message to their students cannot be established. No evidence was found to
demonstrate other views of science such as its explanatory power, human origin,
reliance of science on processes in Mary's and Andrew’s lessons. If these aspects of

. science and scientific knowledge were demonstrated I did not observe them in the

lessons T saw. Ferrial, on the other hand used some inquiry approaches and practical
work showing the use of the science processes to armive at explanations for certain
phenomena. I feel that T should have observed more teaching pracuoe lessons to obtain
sufficient data to be able to describe any relationship between classroom practice and
student teacher’s beliefs about science. Zeidler and Lederman (1989) have also noted
that many studies have been unsuccessful in demonstrating that teachers conceptions of
science can be passed on to the students they teach. There is no conclusive evidence
from this study to support or oppose this assertion,

Conceptions of science teaching and science learning :

The findings from the three case studies show that the student teachers’ conceptions
were similar regarding the interdependence of teaching and learning. They all
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expressed (science) teaching in terms of learning. This observation supports Hirst’s
(1971) arguments on the dependence of teaching on learning and attempts of teaching
activities to bring about. .aming, though not always successful. Other common features
arethattheyalléawwchingasanacﬁvitywhichpmmpts student thinking a particular
and desired direction and that teaching is knowledge presentation or transfer to leamers.
However, there were some differences regarding menamrebfthehxowledgepresehted
and the manner in which it is presented. Andrew did not consider the presence of a
teacher & prereguisite for an activity to be classified as teaching, Ferrial thought it
necessary o have some interaction between the source of knowledge and the learner,

indicating the need for a teacher. However, computers could be regarded as teaching

in this respect. Mary believes that leamners can only be taught what they do not know.

Both Mary and Ferrial believe that it is important for the presented knowledge to be
compatible with the cogpitive level of the learner and that background knowledge is
necessary to allow understanding and assimilation of what is taught. Thesc ideas are
 consistent with those of Head (1982), Hodson (1985), and Hewson and Hewson (1988)
and Clark and Starr (1991).

 Both Andrew and Mary conceived (science) teaching as an activity involving
explanation and presentation of the science concepts to remediate students’
misconceptions. The underlying point is tha.t in teaching science congepts are presented
in such a way that leamers understand and are able to assimilate,

While all three subjects acknowledged that the teacher should be conversant with
subject matter, they also share the belief that the teacher should also facilitate the
learning process by creating an environment that is conducive for learning and which
encourages student participation. This implies that teachers must try at all times to
make students comfortable with the leariing process, Andrew seemed to succeed in
‘achieving this goal as was shown by the many challenging questions he was asked by
‘his students. Mary was also successful, but her students were not ag persistent as
Andrew's. No evidence that shows similar success in Ferrial’s lessons could t. found,
Her students only responded to her instruction, |
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Al three students found it fairly simple to describe their views about (science) learning
and learning in general and complements their views about teaching. All see leaming
as a process of acquiring knowledge whether by constructing it or simply taking it in.
They also recognised the important 7o’ played by leamers’ prior knowledge in
knowledge azquisition. The importarice vr background knowledge is further supported
by the assumption that learning builds on previous learning. The background knowledge
allows learners to understand and integrate new knowledge in order to alter student’s
current knowledge (Strike and Posner 1982; Brickhouse 1990; Clark and Starr 1991),

They all regarded the active involvement of the learner in the learning process as

- important. Ferrial feels that learning is best when students do their own thinking and

their own work, Observation data show that Ferrial tried to put her beliefs into
practice. She had her students work in groups and posed problem questions which they
had to try to solve through practical work, Andrew, on the other hand sees learning as
some kind of discovery, when the learners begin to understand what they are being told

in the learning situation. Ferrial shared Andrew’s belief that learning manifests itsclf

in realisation of something about what is presented or taught.

Another common fzature of Andrew’s and Mary’s conceptions of learning is that

learning is a conscious and active process. This demands that the leamer be aware that
s/he is accrmulating knowledge and be interested and willing to engage in such an
activity. '

Al the views described above suzgest that the conceptions of teaching possessed by

these three subjects agree with those of _

. teaching as a way of bringing about conceptual change of learners proposed by
Strike and Posner (1982) and Hewson and Hewson (1988):
learning as adding krowledge to one's store of concepts as well as transforming
that store of concepts (Flewson and Hewson. 1987; Strike and Posner 1982) to
accommaiate the incoming knowledge;

Practical manifestations of these during teaching practice were evident only to a imited

extent.
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Experie | | |
Both Rerrial and Mary had no teaching experience prior to their teacher training. And
as such they both appreciated those aspects of the BIDE courses which appeared to have
direct relevance o being a teacher. For examiple, both regarded the mini lessons to be
very usefal, While Mary thought they allowed positive criticism and improvement of
pedagogical skills, Ferrial thought that they encouraged what she believ: 1 science
teaching was about, that is group work, practical work and skills develr, ‘oea .

One common feature of Ferrial's and Andrew’s experiences relate to contemplating
withdrawal from the programme. Hbwever, the reasons for this were different. Andrew
was subjected to stress through his personal circumstances. Ferrial's reasons were more
related to the HDE programme. Sometimes she felt they were made to do a lot of
 unnecessary work and she found some of the activities irrelevant. Ferrial expected
 activities more in line with real teaching experiences to prepare for teaching practice.
- She also felt the need for a more.upgr_ading of her science content.

Ferrial and Mary found the discussion of physical science content particularly helpful
in clarifying concepts which they had either forgotten or did not know. The discassion

also corrected their own erroneous ideas and made them more sensitive to students’

misconceptions. Being biology majors, both found that discussing these concepts

increased their confidence in their weaker subject. Mary appreciated the content that
- was offered. On the other hand, Ferrial expected more. As far as the chemical bonding
was concemed they both expressed similar feelings of dissatisfaction about the class
discussions, Ferrial felt her concepts of chemical bonding were taken apart but were
not put back together, thcugh this was not reflected in her respenses to the diagnostic
test. Mary still felt fairly uncertain about her understanding or ¢chemical bonding and
this was reflected to some degee in her diagnostic fest responses. They felt that
problems were identified but that there were no discussions on how to address these
problems in the classroom. However, field notes (see Appendix 4) reveal that teaching
tips were given and appropriate conceptions of chemical bonding were discussed. In
addition chemical bonding was further addressed in the physical science additional
studies class and in another physical science methodology lecture which focused
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speczﬁwﬂyonmlsconceptmns found in school textbooks and in the teaching practice
experiences of those who had faught the topic. There is no evidence from direct
observations of classes to support Ferrial’s and Mary’s claims. Their p'rublems appear

_ tohavebeanééeper;ltikpos&iblethattheleoturem assumed so much that they

overlooked foundation concepts which these two.lacked in order to folley the

- discussions, wntmrytothepomuonthcypresentedanwachingandlmnung They

cleaﬂymshndformore "spoon feeding®.

Teds clear thatMary had serious problems with the topic of chemical bonding and other
* chemistr{ topics. Her acknowledged failure v+ :51;ond to the questions in the acids and

bases diagnostic test is one indicator of tu intensity of these problems. It is

- disconceriing that even afier attending two class discussions ¢ chesnitu: voriding and
~ teaching the topic in student teaching that she still felt uncomfortable with the topic.

' Other aspects that both Ferrial and Mary felt uncomfortable with were that sometimes
instructions, particularly relating to assignments were not alwr ys cleatly defined. They

were also not happy about the amount of 1qth1non regarding text book anaiysis, which
they did in both the biology and physical scieace methodologies as well as in core
science. They felt this created unnecessary work for the students. Another problem was

 that reasons for doing some of the activities were not givea making it difficult for them

to see their relevance.

Andrew felt the programine was very informative, practical and teacher specific. He
had no complaints. One possibility of this apparent satisfaction with everything was that
he was frojcently absent so that he might have blamed himself for whatever negative
outcome. His problems thus lay outside the realms of the campus based activities of the

HDE programme,

Teaching piactice experiences, too, were similar for Ferrial and Mary. Both taught in
normal schools and were experiencing real teac ¢ for the first time, The positive
support from the rest of the teachers made the. student teaching a fairly pleasant
teaching experience. Andréw, on the other hand was not given' any speciél treatment.
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.Hehadtdeauyout'a]lhism::hingresponsibﬂiﬁes like the rest of the other teachers
in the school. '

All three student teachers expressed some concern regarding their teaching practice
assessment and critiques. Andrew felt he did mot receive adequate assessment and
feedback as he was observed only once. Mary seemed satisfied with the assessment as
a whole. Her only disappointment was that in spite of thorongh preparation her lesson
plans were not checked, Ferrial was happy with her physical science critiques but not
with the biology ones, ' :

| | .
Andrew’s experience in teaching was displayed in his ability to maintain good -
classroom control, His lessons were very organised but very theoretical as well, Ferrial
and Mary on the other hand experienced classroom management problems which they
handled differently, Mary did not seem to mind the noise unless it became excessive.
Ferrial wanted the students to be quiet, She could not accept having to compete or
continue her instruction while the noise level was high, '

* A common problem for all the cases related to the rejection of some of their efforts in
teaching, Mary and Ferrial found that the cooperat~g teachers were a bit doubtful
about their teaching strategies and intervened to give advice. Ferrial felt that the input
she received was excessive, She felt she was not “cing given any opportunity to
experience things for herself. Ttis a fairly common occurrence for cooperating teachers.
to feel sceptizal about students teachers’ "new"” ideas. Sometimes the school students
themselves reject an unfamiliar épproach.leading to some degree of restriction in
stadent teachers’ endeavours (Clark and Starr 1991) as was certainly the case with
Andrew’s students and possibly with Perrial's.

Both Perrial and Mary doubted themselves at some point because they perceived
themselves to be failing to achieve their teaching goals, Mary tended to spend a lot of
on discussion of the tapics in the hope of ensuring that her students were interested, and
invoived. However to her disappointment, she found that on tesﬁng students had not
understoed these concepts. Ferrial felt that she leamed and improved as she taught
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during teaching practice, both the content and classroom management.

As far as their zonceptions of science teaching and learning are concerned there were
only slight changes, Tn most cases these were elaborations of the ideas they had at the
beginning of the study. No substantial changes were found as was also the case in

 Aguirre and Haggesty (1995).

To a large extent Ferrial demonstrated her beliefs about science, teachinig and learning
during feaching practice. Andrew was unable to do so, possibly because of the
conditions in the school. in Mary’s case it is-difficult to say because the lessons I
observed did not display much of her heliefs in inquiry and practical work. Both

" Andrew and Mary’s observed lessons did not show much in the way of demonstrating

k=" - yiews about science.

InmmyrespecmFerﬁalmdMaryhadmmmonexpeﬁéncesbeMeenﬁemselthhan

they did with Andrew. In some cases these were guite sensitive. Andrew appeared to

be indifferent. Initially Ferrial did not appreciate M1’s strategies but these changed
during tedching practice.

Subject matter
This study has shown that prior to discussing the chemical bonding topic in: physical
science methodology classes the student feachers had erroneous jdeas regarding
chemical bonding and other associated concepts like
the nature of the chemical bond,
. its origin,
. the hydrogen bond,
. similarities between ionic, covalent and polar bonds.
the relationship betweesn macroscopic properties and microscopic structure.

dentifying ideas on this topic and discussing these during the methodology and

additional studies classes appeared to have helped the student teachers understand fiese

concepts better and change their erroncous ideas, though not necessarily eradicating:
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them. This was deinonstrated by the positive change in the class average scores based
on the multiple choice Tesponses, from 4.6 in the pretest to 7.7 in the post test.
Statistically this may not be a significant change, but in context of the explanations

- accompanying these responses there was a qualitative change for individual students,
Possible misconceptions among scieace students in secondary schools were also

discussed, The discussion was further helpful because it also gave some hints on how
to cope with these concepts at secondary school, though these were apparently missed
by Fexrial and Mary. The test scores in both tests do not show that possession of 4
degree in chemistry implies better knowledge of chemical concepts. Mosimege (1995)
was also unable to find any evidence that students with higher level chemistry were any
better than those with something less. Such findings are common OccurTence among
prservice teachers ( Gunstons et al. 1993). |

4

81 CONCLUSION:

The three students involved in the case studies had well defined expectations already
developed regarding thejr professional training. Their expectations exhibited a strong
relationship to their experiences prior to entering the HDE programme, Their
expectations also influenced their perceptions of the activities they engaged in and

~ therefore their experiences of the programme, both positively and negatively. Andrew

ﬂloughtmecnurses were excellent in training him to be a professional in teaching.
Perrial and Mary appreciated those activities directly related and relevant to actual
teaching tasks or in line with their expectations, for example the
. mini-lessons,

test design,

discussion of chemistry concepts,

exposing and addressing their erroneous ideas.
Activities which had no apparent direct relevance to teaching or those which were
repetitive, were considered a waste of time especfally.

All three subjects experienced some frustrating moments like when their attempts to
implement their newly acquired knowledge and skill or learning and teaching theories
were not accepted by the cooperating tenichers and or students.
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FemalandMarywaealmmsappmntadwhmmeyfaﬂedmmeetﬁmrmmmmgoﬂs
andbegandoubhngﬂielrcompemnceasfutureteachers :

Their conceptions of science, science teaching and leaming were similar. The views

that emerged regarding science were that

Some views about science teaching that emerged wers rhat engaging iii the following

science is sparked by human curiosity,

science discovers and explains how the world works,

scientific knowledge changes,

observations, experimentation, hypothesising, theorising are all important in
generating scientific knowledge.

activities constituted teaching:

-

presentation and transfer of knowledge in ways that leazners can access 1t
facilitating the learning process: getting students involved either by thinkmg
about the teaching task or
leading students to the discovery ofsomethmg,

explaining science concepts to studeats and clarifying students’ misoonoeptmns

As far as iearning was concerned they all 'acknowledged the interdependence of teaching
and learning. They all conceived learning as

knowledge construction;

knowledge acquisition {taking in, accumulating or adding to one's store of
concepts);

discovering or realising things for onaself

- They all acknowledged that learning requires the active involvement of the learner and
- depends ”

on various aspects of the learner such as background knowledge, cognitive level
of development, interest and motivation;

the leaming situation and

how the knowledge is presented.
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There were observed attempts at implementing their teaching and learning theories
during student teaching though not always received by both cooperating teachers and
school stodents with the same enthusiasm as the student teacher. Tt was difficult to find
sufficient evidence regarding their conceptions of science.

Student teachers in the HDE class were found to possess erroneous ideas regarding

chemical bonding and acid-base concepts. Studexts with a degree in chemistry did not

appear to have better understanding oftheconcepts mﬂlese‘eoplcs They did not show
better improvement after discussion of chemical bonding either. Identifying students
errors in ciemical bonding conceptions and discussing them helped reduce these errors,
though not necessarily eliminating them.

8.2 PROBLEMS AND LIMITATIONS OF THE STUDY

~ The factors stated below were limitations and problems encountered in the study.

(@)  The major limitation of this study was that respondent validation not used. This
step would have improved triangulation of data obtained from the participating
student teachers. This would require the rigorous process of writing out the
analysis and getting the subjects to react to and then record these reactions.

(b)  Participants were not conscientious in keeping diaries.

(€)  Return rates of diagnostic tests was low lnnitmg data available on the status of
subject matter knowledge.

(@  Selection of the Andrew"s std 10 class for observation was a poor choice. This

was a matriculating class whose concern was more with exam preparation,
Andrew’s teaching style may not have been a good reflection of how he would
- teach under pormal circumstances,

(6 The study was set 1o investigate conceptions of science teaching and science
learning. During interviewing these were treated in a general way without any

(  Communication problems and timeiabling at the schools led to observation of

 lessons constituting only purts of topics. -

(g)  Sharing of classes by Ferrial and the cooperating science teacher resulted in lack

of tontinuity in. the lessons observed. : '
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(1 'IhesecondlwsonofFenial’slmsononabidsandbaseswasobmm. But the

lesson was disrupted and discontinued. The physical science teacher continued
with the lesson later and I could not continue my observation,

@  Time clashes between Mary's and Andrew’s lessons led to changing classes
~ observed for Andrew (though from one sty 10 class to another). However those
initial observations bave not been used in this report. '

) Initial data collection (interviewing) was conducted twelve weeks after the
‘programme had started, Student teachers’ responses may have been influenced
by the course even though they believed that this was sometimes not the case.

83 SUGGESTIONS FOR FURTHER RESEARCH

The case studies reported in this research project are unique instances. But again there
may be other cases with similar expectations, experiences and conceptions. The findings
arespecxﬁctothethreecasessmdledandmaybetheotherseven students who
responded to the d:agnosuc tests for content kmowledge, The study had no intentions
to make generalisations from its findings. I therefore find it inappropriate to make

recommendations that can or would affect a large group of preservice teachers or the -

HDE physical science methodology or any other course. The study has, however, given

some directions to possible further research in the areas of preservice teacker education

such as their experiences which sometimes determine whether a student complete

training or not, and their subject competence. So suggestions are further research in the

areasexploredhereonalargerscale

Two of the cases were found to be unhappy about certain aspects of the physical
science methodology, such as unclear instruction, repetition, poor structuring of the
mini lessons, lack of help in the transition of the student teacher ino a teacher. More
research into these perceptions and maybe reviewed over a few years may be useful to
the methodologists and other prospective teacher educators,

Teacher education is faced with the challenge of developing preservice teachem’_ |

pedagogical conient knowledge to allow them to sustain activities that promote
meaningful learning, And for programmes like the one year HDE progtamme, which
has to convert graduate students into a teachers kmowing both content and pedagogy in
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physical science from std 6 to std 10 this task is even more difficult. The literature
suweyedforﬂussmdymdwatedthatreswchmﬂleareaofsmdentteachers
hmwledgeofspeaﬁcchemimlconoeptsortopms:smty Results from the diagnostic
tests in this study show that there is need to explore on a larger Scale the relationship
betwsen student feachers’ chemical background and their knowledge of secondary
school science concepts, particulary post graduate tmcl'erttamees for whom it is
assumed they have the necessary knowledge of the concepts in their subject disciplines
" to teach them, This study did not provide sufficient evidence to validate or refute
assumptions of this nature but recommendations are that forther investigations be
conducted in this area in part of the world. These recommendations are echoed by
Mosimege's (1995) study who was also unable to find evidence that higher lovel
" chemistry student teachers were better than fhose with less chemistry content.
_ Marylsasmglelsolatedcasewhoaoknowledgedherhnuﬁnms of chemical concepts
. and demonstrated the Timitations during teaching practice and the physical sc:enoe
_ methodologyclassdlscusmons Herexpenenoemdwateanotherpossrbleareanf
research into aspects of knowledge of chemical concepts for teaching purposes at
secondary school, among non-chemistry majors in post gfaduateprwervice training and
finding ways of ass:stmg them overcome barriers that may mterfexe with the teaching
eftheseooncepts

Tnitially I wanted to conduct this study with students from a DET background. The two
- students selected at the beginning of the study withdrew from the programme sometime
during the year. What seemed to emerge was that the programme may not be
accommodating for the new type of student who was entering the programme, bearing
in mind the history of the university. There is need for further research into the
experiences and the problems these students, who have previously mot been
accommodated by the programme are experiencing and how the HDE programme at
Wits can be restructured to adapt to the new type of student (provided subjects can be
found).
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APPENDIX 1: Interview schedule

Interviewse: Date; Veaue: Interviewer: - Times
Thank you for coming to the interview session. It mey be pretty long {1-2 hours). I
am sorry that it will teke sc Jong and Thope you will be patient. For st the questions,
please answer as honestly and es best as you can. There are ne right or wrong
SnsWars, Thsintezﬂawmnotmtmdedtoinﬁurmyouabmtanyﬂ!mgbutwﬁadaﬁt
what ideas you have abent the questions asked.

Before we go much further with the task can you please tell ns abont your academic
backgronad (type of school attended, the univessity, science subject majored in) up
to and including what yon are deing now (and your part time teaching)

As GENERAL TFORMATION

i Why do you want to be teacher?
2. ‘When did you decide o become a teacher? Any particular reason that made
you moke that decision?

3. Describe the: best teacher you ever had, _
4, *How do you think the profession of teaching compares with other

professions?

5. How yon foresee your career as a teacher? Why?

6. T=ll me sbout the conrses you are doing this year?

7. How hielpfil are the additional siudies? Any alterations thatyunfealcnuld
benejit hetter student teachers?

8. How do your feel abont the way the course topics are handled so fac? Can
you explain?

(*Guanstone, et al. 1993)
B: QUESTIONS ON SCIFNCE AND TEACHING

Please respond to the following guestions:

1. Whntnymrundermmngofmewwdmnce?%mdoesthemdmm
' to youl?

2. . ‘What do you think is meant by scientific knowledge?

How do yo-. thik scientific knowledge has been produced?

3. ' Do you think the scientific methiod is the only way 1o do science?

4, Whntmhingmateglasmuldymemdermbemeﬁmwoﬁur
teaching science o secondary students?

-5 Whatdoymﬂnnkefﬁtmggesﬁonﬁmtmmysmdentsdwelopmirm

‘theories® 1o explain nature, and sometimes fhess. theories can be
-sebstantially different fromi the so-called scientific theorles,

6. _Howwmﬂdymsmderﬂwﬂden“mﬂwnuumywﬂemhng,ifa:
all?

A Ifyoucm,h;’aﬂydescﬁbeymm'ﬁmory about how teaching snd how

Iearning occurs.
(Aguire, Hoggerty and Linder, 1990)

Protocol: Below are instances and/or son-instances abont science teaching,
g) In your view, is there science teaching happening hers?
b} If you canpot tell what else would you need to know in order to be able to

tell? How would this information teil you? Pleass give rsasons for your
¢} Ifyouanswmd yes or ‘no", wha:unsyonthmmﬂ:ecasa?l’lemegwo
reasona for yollr answer. .
Ttems
1. Handing out crystals

Teacher ina STD 6 cfass at the start of 2 topic on crystals, asking the class,
: 'Wha:canyonte]lmaaboutthecmtahl’wjustpmnronndth the clas:?"
2. Student watching TV
: AsmdentathamswamkmgaTmegmmmcmchemcalplamswhch
produice new plastics from coal.
3. Students in library doing problems
Two STD 8 students in librery working on a set of vepour pressurs
problems from the chemistry textbeok given for homework,
4, University Lecturer
University lecturer lectnring on molecular orbital thsoryto a smail group of
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grade ones. _ . :  yowexplain?

5. Teacher questioning student’s statement . _ _ o .
Teacher reads STD B chemistry student’s statement that ‘Ideal gases haveno =~ These questions were adoptad from previcas stindiés on preservice gcience ieachers’
volume' and asks, "Were you referting to the gas particles or the gas as 2 conceptions -of science and teathing and learning. After the first piloting some
whole?" _ alterations were made to reducs ihe Jength of the intervisw ard eliminate questions
6. Temberaskumdemw!abeladwg:m _thatwmmpyhcab!enrwhichconldmultmmmryduphcahm.

Teacher at end of & demonstration of the electrolysis of water distributez a
drawing and asks sindents tc labei the appatatus used in the experiment from
IMeMOTrY. '

7. Students ask qmtion
Junior secondary student in class, watching an experiment on the electrolysie
of water which has been going on for some time asks the teachsr, "Do you
think yon've got all the oxygen out of there already?™

8. Student baking
A stadent at home follows arempeforbalungafrmteake .

(Source: Hewson & Hewson, 1989)

Below are some tesks related to teaching, Rate each aspeci in terms of "how
mpartant do you think i is to kniow it to do it well”® (crucial’, ‘important’ and
*desirable but Net Important”) and *your present competence in the task”. The
tasks are: '

1. Controlling ths class,

2, Monitoring sindents’ progrese.

3. Selecting materis] to be learned.

4. Serving the studente as a source of knowledge and skill.

5, Adapting material chosen to the level of the stndents.

6, Inctrocting students on the demands and procedures of learning,

A Construcung experience for the students to interact with the content.
Gunstone, et al. (1993)
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How do you feel about the way the course topics ate handled so far? Can
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APPENDIX 2: Diagnostic tests
A:  TEST ON CHEMICAY BONDING

You are provided with aquesﬁonyapea'anﬂanansm-sheebl)omtwritajuntmme
on either the question paper or the answet sheet.

Pleass answer il the questions by circling the [etter which correspond with the
answer on the answer sheet. DO NOT mark the question paper. Then give reasons
£z either choosing a particuler option or for not choosing the other options.

Your co-oparation during the cousse of the my study is greatly appreciated by my
Supevisor, M1 and myself. Thank You very much

QUESTIONS: '

1. The chemical bonds in a sodium chloride crystal are primarily due to:
A attractive forces between oppositely charged ions
B van der Waals forces betwzen molscules '
C electrostatic forces between protons and electrons

D hydrogen bonds between the sodium and chloride ions

2. A solid which is brittle is [ikely to:
A e composed of simple molecules
B ‘e an electrical conductor
¢ hiave week chemical bonds
D have strong intermolecular forces

3 Which of the following is an INCORRECT conclusion? Relatively wealc
fomes hetween molecnlss aceount for fact that 2 molecular solid ...

breaks apart when scratched with & pin

can be dissolved without chemieal reaction

has a grey or biack appearance

meits at & comparatively low temperatura

vake

G vam e

6.
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-Tﬁeﬁ:rcahold!ngmm of Cand O togeﬂlermamolmhufmis & resuit
. nf. )
A orbital over]appmg

B clectrostatic attraction

€ ke sbaring of electron pairs

D mambhocmofelec&mthateachmaoqmru

Achmmlbondformsbetwmmmmw
A the atoms may share ops of more slectro pairs

. B each of the atoms may achievs an ootet of electrons

€ ths electrous are simuliansousiy asar two muclei
D the kinetic snergy of the two atoms decreases

The distance, X in this moJecule is called:
A atomic radius
B covalent sadius

C “interatomic distancs
D bond length

Ahighmelﬁngpomtofapuremhdsubm definitely indicetas that:
A the pubstanes is onicelly bonded .

B . ihers ar strong forces batwesn the atoms

C the molecules are close together

D the substance is not very reactive

The disitance between neighbouring non-bonded nnclel in 21 iodine crystal

_ zsgreaterthanthebondlmgﬂlmaniudlmmolecnlebem

>

the molecules ars fisther apart in the gas than in the solid

B the aliractivs forces within a moleculs ars preat-t the attractive
forces between molecules

C iodine forms distomic molecuies

D jodine molecules are covalently bonded

L
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o
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9, W]:ichofthafolluvﬁnghalwaynemreotfortﬁemeiﬁhgofamkmlid:
A & chemical reaction takes place because chemical bonds are broken

B a chemical reaction does not take place because melting is a
physical process
C ioas move from their fixed positions is the Iattice

D positive and pegstive jons dissociate

10. The termn “molecule” refers to :

A covalently bonded substances only

B onically bonded substances only _

C & specific mmber of atoms with fixed proportions of each element

D two or more atoms held together by chemical bonds.

(Harris, 1992)

ANSWER SHEET. Yonr Code
1. A B C D Reason:
2, A B C D Reasan:
3. A B C D Reason:
4, A B - C D Reason:
5, A B c D Reasor;
6. A B C D Peason: .
7. A B C D Reason: renresere
8. A B c D Reason:
9. A B C D Reason: .
1. A B C D Reasom |
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B: = QUESTIONNAIRE ON ACIDS AND BANES.

Introduetion;

‘The purpose of this quesﬁonnai:eisfomutainyourvim, a3 praservice teackers,

o acids and hases,

Instructions:

1. Please answer all questions. Answer the multiple choice questions, 1-12in
Section A, by circling the lstter of your choice.

2. For Section B use the spaces provided nnder each question 1-8 to write your
BOSWETE.

You do not need to write your names.

General Information: | -

The information required here will inform the researcher of your academic status and

experience in the area of chemintry. ' '

What is the highest level of chemistry you have acquired, institution sod

yesr of acquisition? (e.g. Chem ; Wits University; 1990)

How much teaching experience do you haveli.....cceirrenssenes

Did yor teach the section/topic on acids and baces during teaching practioe?
If you did teach it, at what class level/std(e)?

SECTION A: MULTIFLE CHOICE:
Circle the letter of your choice. . .
1. ‘Which of the following substances can act as an acid or a base?
A el B NECE © HCN
D HEO E B




3.

... L

Which statement rogarding the resction shown below betwex hydrogen
chioride and water is CORRECT? ' '

BCIL0-H0"+Ci"

Water acts s a base towards HClL.

Water in a conjugate base of HC],

The water : lecule is aprotondonortomechlondemn.
Water does not act s either an acié or abmbutmere‘lyas a
solvent, in this reaction.

E The water molecule is 2n electron donor.

veawp

W]mh statement is IE_M

A Acids may eompmu positive fons, neutral molem:les or negative
ions. _

B An acid-base reaction, consists of the transiar of & proton. from an
acid molecule to & base molecule.

C Bases may comprice aegative jons, neutral molecules or positive
{ons. .

D Tha strength of an acid or & base is correlated with its tendency to
donate or accept protons respectively.

E Aqueous solutions of alt salts are neutral,

6.
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Inlimequihbnnmrmﬁonrepmnmdbythaequa&on.

e Jm;.u-xlamx‘-m‘o
ﬁeBmﬁedImryamds(protmdnmrs)m |
A NH,and HO* = B NH* and NH, C H,0 and NH,

P B0 and H,0*  E NH;* and HO*

Which one of the following is a.pmparty of an agqueovs solution of en acid?

" Solntion turns red lituus bige. |
Solution tastes sowr, -

.- Solution is & good conduotor of electrisity.
Solution has a hydrogen jon concentration 10* mof dm?®,
Solution has a slippery feeling,

An older theory (Arthenius) sbont acids meintains that acids in solution

dissociates to form hydrogen fons (H*).
An important objection against this theory is that

A the number of acids would be very large

B hydrogen ions would not react chemicaliy

C  hydrogen jons cannot occnr freely in art aquecus solution
D hydrogen ions would form hydrogen ges

;4 the mumber of acids would be very small




7I.

9‘

10.

B

Whichufthefnﬂmnguﬂglapmpmynfaqneuns solutions of bases? _

A Agueous solutions have 2 slippery feeling

B They change the colour of blue Himns to red. .
[ > They change the colour of red fitmus to blue. - ' il.
D they tasie bitter. '
E

They react with roids to form salts,

The conjugate base of hydrogen chloride is
A the chloride ion. B
c water. D
E the hydroxyl ion,

.
potassiom hydroxide. _ 12.

Hydroxides such as AIQOH),, which can react with strong scids and strong
bases, ars

_A diprotic B dibasie
C dozors, D. . binary compounds
E amphiprotic

Five beakers contain sclutions (separately) of equal cozesntration made from
dissolving the following substances in water: NaOH, Na,CO,, HCl, NH,Cl
and NaCl. If the pH of these solutions is tested (with universal indicator or
pH metes), it is found that

A both the NaOH and Na,CO, solutions have pH values sbave 7.
B the HC snintion has the highest pH, well above 7.

c the NH,C! solution has the Jowest pH value.
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D the NaCl solution hes 50 pH whatsoover.

E onlyﬂerClanﬂﬁeN&DHmluﬁm:égimrpHvduu.

Amdenthasbmglmammbunfaqnm uoluﬁnmandhahu
detenmmdthapﬂofeach,mgmdieatorpapar Hex‘smthemsulu

Solution A B C D E
M 3 4 s 1 s
Which sotution Js the most. scidic? ' : -

mfenmngmbmhavahemmgadmanmeamgorduofaeid

almngll:. Which order is EORRECT?
Nitsic acid; Acetic acid; Wnler,ﬂmmonm,i\mmonhmm
Ammoninm ion; Water; Acetic acid: Ammonia; Nitric acid.
Water; Acetic acid; Ammoninm jon; Mitde acid; Ammonia.
Aoeﬁcnuid;Water;Nit:ioacid;Ammqnin;Ammoninmion.

- Ammonia; Water; Ammoninm ion; Acetic acld; Nitrlo acid.

- .
C e
: :_?1“_ o
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Aunswer the following questions in the space provided under each question. If the
space iz not eacugh uss the back of the sheet, but be sure to mumber the response
with the corresponding grzition number,

1.

'4.

5.

Rhanoie acid (CH,CO.H) is dissolved in water. Would Arrhenius have
considered the resulting solution acidic?

'Write an equation for the chemical reaction which, cccurs when

G etianoic acid (CH,CO,H) reacts with water.

Gi) ammenia (NH,) reacts with water.

HC1 is described as a strong acid, while ethanoic acid is described as a weak

acidinaquemssoluﬁon._

® What ¢an be said about *e strengths of CI and CH,C007?

(i) What can be said about the pH of the solutions of the two sodium
salts of these acids? Explain. '

Give an sxample of & weak acid (other than ethanoic acid) snd show how
the acid dissociates in an aquesus sojution by means of a chemical aquation.

{4) How does an acid bass indicator fanction? Explain fally.
(b) The range of colpur change of indicator A extends from pH 3 to.pH 5;
that of indicator B extends from pH 6 to 10; that of indicator C extends

6-‘

7.
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levql. Show the molecules and ions that are present.  (Mosimege, 1994)

g . . :
 from pH 910 10,
Which of the indicators is suitable for titrating
® = strong acid with 2 weak base? ceesensnees
G a strong, acid with & strong base? veereesasesess
(i) aweak acid with & strong Base? o..cv.ceresseses
{8  Distinguish between a strong acid and a conventrated scid,
()] Ts & concentrated acid necessarily always a strong acid?
Explain. S . L
Draw a pictare of an aguecus solution of hiydrochloric acid af ths molecular i

~



| ANNALYSIS EXAMPLIFIED
APPENDIX 3: Interview transript for Ferrial. :
Venue: Room C409/104: Bumphrey Raikes Building: 11.30 am
On transcribing Andrew’s interview tape I realised that C104 was quite noisy. Ihad
jntended using one of the lecture rooms in the building but only used it for a while
befors I was asked to move out. So we transferred to C104 apgin.

This interview started with an informal discussion about ﬁysdf. _ _ o ..

E
N qu"ﬂ" r;’!
A H

I: vees What we are saying is that there’s no harm in (talking) ya. You want io e “
know more about me? Ok. I did my BSe, completed in 1986. (ML) Went 10 : T
teach for for shout three and half years, joined the In-service departinent of ]

_ the University of Swaziland on secondment. That is I still had my t .ching : . : e

post (Mb) I was these to help them out of a situation (Mh) and then another ' R
job cropped up and I applied and joined the pre-service teaches training. _ B
And er, th-ok, the post entajled training teachers in chemistry, We have ' SRR
somebody in biclogy (mh) somebody in physics who is aleo training here as T
well, and I'm doing chemishry. So Pm actually doing this stady to get to : -
know more shout the teacher training becanze I didn’t have Sme toto do it : : : ' T
thers and I hope at the end of it all I would be in a better position to-to train ' : . B SISO
teachers {both Jaugh} (oh). ' _ R

= ‘What is this interview and what follows entail, I don't know what I have to _ : e
do? _ ' . P

L Ok. Por this one you just have to answer the quee:ans as they eome. (Mh) .
And maybe I should siart by saying that thadk you for-for honousing thie
(Yes) interview. I think it's more polite to put it that way, that you made it : : _ _ IR
1o the interview. Err one thing you should bear in niné is that whatever you ' : B
gay will not necessarily be right or wrong. (Mh) Actuslly there ave no right S
or wrong angwers, We ars interested in your opinion (sure) regardi- . .he-
the questions that Il be acking here. So feel free to say whatever yun feel
you know (Mh) (Ya) Apd err like I gald what you say here will not be
pinned to you people-people will read about it and only you wiil know that

e
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i
you are the or.e who seid it. The other people  will be interviewing might | - i s

say Ah! that's not me I wonder who-who it is be-mss its not only you, ' R : o T
there are a covple of you (mh, mh) that are ens = ia the siudy. So in that : SRS
sence jt will be sort of anonymous {ya, ya). I - not be associated with
you directly, and err F-1 hope that sver my-your tecturers when they seas it
they won't interfere. Like I said before I wiil also he following you up in
you-in your teaching practice (Mh) and msking sbeervations during that
time. Ok. Er I would iike Ok the guestions ate in four parts, I think

' {cherkr}. The first section will be knowing abeut-gbout vou, the schools
(Tne background) Ys, th-the vour background academic I mean your
academic background, Then I've got qrestions relating to science teaching,
then I've ot questions on interview about instances of teaching and nom- Sl -
instances. You'll see when we get to that and zome questions on feaching ' o e T
tasks. Ok. So maybe you could start by telling me and flie others whe will _ : D
be reading this, about the types of schools yoit went to the universities you . . 2T

want, what courses you did (Ok) and so on. . '

F:  Belwentioa schoolin Potpieterssus thats i the Noxthers Trausvaal (M) Bock groomad, “ | P
Ok. I went to achool at a primary school, it was an Jodian Primary schosl, Lt - 00 I Lo Merte _ _ P
up to atd 5. Thereafter I had to travel to school in Mstersburg high school _ =k ed Trev~nsuaal S
because thers was no English medinm schioo! in Potgietersrns. (Mh) Fk. So _ - . , S
I travelled to Pietersburg everyday, for § years uail | finished m1y matric. . T Englsia weeslivnun |
And then X came to Wits where I goi my BSc. and now I'm doing my i Uk N :
HDipEd and I did zgology and then botany. . o‘;“‘ga WU after mohic) i

I Ok, for your-for your BSc you did zoclogy and botaay. (ML) Ok - R3e: MAJO 13 2991033 + BOBE’“’”’U B
0w you're doing your (I'm doing my H. Dip Ed), Ok. Mmm the- E‘ . : Ly T _
the schools you went to (Mh) were they private schools or : lc\jfe d)[ _{cf,\_,gaf_ 800 Lasmofe g~ _ e

] No, err zovermnment schools. (Government school) run under the Houee of " he 3 AR
Delegates, a separate schooling body, Tndian schools 0 to spesk. {OK) Erc : wse ¢ Delegate,
y& which has had guite a bearing on actually err oppostunities and sioff like k Leazin N R
Hthat and at the school things like feilities which wers lacking quite a bit. 3"“ g (_'{ tack of ety Theg BRI
(Mb) . + G?FWMH&J : o e

I So they were not as equip, »d as the other schools (No not scisnce) Ok. I _ ' _ c o
would like to request you to raise your voice becanse I might get problems ' o T
when (Oh ok) when I transeribe here, (0k) try to strain. Ok. The aext _ _ SR




auestion relate-relates to why you want to a teacher,

i Why do I want to be a teacher? Ok. Err when I did start of at the university
1 applied medjcine and dentistry and I didn’t get in. So then I did my BSo.
‘When I did my BSc first choice I decide I was going to try and [ appiy for
medicine and deniistry then I cculdn’t get in as well. So err then I fignred
I'd do Yotany ard zoology becsuss I have quile a kesu interest iz the
eaviromnent and environmentsl stndies, So I did that, Mmim After I finished
I reglised there weren’t meay jobs-job opporiunities as far as BSc was
concerned. I was doicg BSc. And&lene:rwhenmmyﬁnalyearofBSc
erm teaching became a bit more plansible err Imean to sy hggasggte

_important and things like thet, Eut I looked today and I thought of the

opportunities I didn’t have while schooling. May be I could introduce thers
you kaow and reflecting on what I've been through and teaching is guite
plansible and now with the pew changing education system and etuff itke
that it would be a ot more chatlenging and different and (Mh) I would want
to go into teaching. (M)

I 8o you-you decided during your final year (Ya) that (that it is teaching that
I want to do) Ok {zot before hand). Mh. And err the reason for you to
decide that is that you conlds't get what you really wanted initially (Mh) that’
is going into medicai school (Mh) and dentistry (ME}

B Ok if I look back pow I don't think I'd want to go into medicine and
Mentistry, I like err I'm bit settled with teaching. But teaching with & bias
towards the environment, education (Se counld you b2 meaning that your-
your you'll stick with teaching for) For always, I don’t think for always
(For-for a while?) Por a few yeats, ye (A few years) for a few years, ya.
But like [ eaid T want to get into I will be dealing with you know education
as such (Mh)_eg}r_onmant education, dealing with schools, inl i

O e i P

the educahonal) Ya (aspsct) Baekground Ya (Alrigh?).
I: Erm, How do- you thick the teaching profession compares with-

with other-other professions?
F: E‘rIalwaysthaughtnGthydoynuwantmbeaaemher,butlrealisad
tnemportanoeofn. 1mean wa all o-me having hore st FY mee ot

Zeos o ey Aties BupRly teuchung is jmportant but err as for on i
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compares I mean it seems is @ non-profession which is unfortunate, { mean
we don't-we work under somebody, err we are not given what shall I say
we do not teke an active part, we are given syllabux and told this is. what
you teach we have dead lines to meet we have to complete the syllabns, you
know tun tests and things like that. As far as the teaching and Jearmiag
process is going on I don’t think teachers sra that jnvolved you know and
they don’t have that mmch saying in the structurs with these processes and
what’s been tanght and thing Jike that. So I think teachers should be given
mwore of the leeway in structuring what’s being taught and how it's being
taught-tanght ead stuff ke that. And the coptent of .... (0X) I think we
should be paid more, {Both langh st this} After all it scems Lke a 24 hour
job. Yom got to think about what you’re doing the next day you've got 1o
take stuff homs you know vou got to be working 2t it all the tms,

Do you think that err the people in the other professions don't?

I scoms like it-it would seem lika it becanse I am, yor kuow

you'rs always confronted with why is it that you waana to teach,

‘why teaching, (From who) From people around yon know basically

peopie sronnd (I hope yon ars not referzring to me) Ok no no no

{Both laugh} that’s -Genersily when you spesk to peers and other
students, stuif like that, student who are doing engineering,
medicine and stuff like that ..7,. try to do teaching? (Mh)

Ok, Brr, Did you have & best teacher while you were at school?

(Best teacher?y Whether at school, university, er

Br, weli at school, primary school not really, I mean you know we

all sulk at our teachers when in primary school. But as far as high

school Is concerned there wes a teacher that really put me of maths

et the time, But erm his attitnds was such that he resfly put me off

of the stoff. But when I when I came to matric the final term I
realized you know that I learnt a lot in that process becsuse he

meade conditions difficult for me, er he really gave me a tough

time, be really gove me much work, he gave s ridiculcus things

to do, But I did learn quite a bit you know, I was guite amazed by

that and things worked, (And thogs ridienlons things) Even If they

seemed ridiculous you know I mean at er at the time beoauss I
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over the year you know and things like that and the sttitude he had

{What kind of attitnde did he have?) Like you do the work, I give

you the work you do it, you know what I mean. We jus: had to do
work-work-work. And er there was no intersction, he gave us

work wnd 1 spent hours doing maths (Mh) And I did it by myself.

He sort of like facilitated, marked cur books, If there were
problems we accept-he explained them but I did the work by myse-

pa my own. And er I developed what I developed and Jearned and

Y'mean Thad from concrete (f was-it wai your »ork) I constrneted

ya. Which is good becanse I realised in the end that’s a good way.

Would you do the same 1o your (Esr would I do the same) etudents?

Enx actually be was quite arrogant and I hated that you know and stff like
ﬂmtwﬂbexngm:amnseofafacﬂnamrymknowaddxasdngpmbhmm
#hings like that Hoing more available would be ya,

Did yoe have a teacher who way like that somebody you would fook up and
think that-that one was

Well No. Not really

' Sayouonlyhad-youonlyhadﬂﬂslonsym("a.whenymlmkantmw)

{lacghing} ya at the time, Ok. Ok now we move on {0 questions on science
und teaching, {pause} What does the word acience mean to you?

Just from the top of my head? Erm {panse} research ok if you think in a
few words. Research technology something up o date, eomething relevant,
Mh. Ok now how do you dhink ecisntific knowledge hae been prodoced?
Has been produced in achools? (It could be in schools it conld be anywhere,

"ite up to you) You mean the process in teaching seientific knowledge (Ah

well its how do yon see or how do you thick it has been). Frr for some it
would seem that science is & bit of far fetched thing, I mean its for the more
intelligent, its for those who are ..0.., it, things like that, Dealing with-1
mean you've got this image of scientists, daalmgvn&nseamhallﬁwhme.
(Mb)

W-would you say that it hes all-jt has been produced by ressarch? {Pause

(Ys)} Ok. Now in the school situation do you think that those children that




you teach do lets say ecquire some scientific knowledge?

Scientific knowledge, ya Iwonld think so in that they have been tea-they’ve
been tanght about sciencé and chemistry and physics, basic lmws about
science (M) in maybe abstract in some forms you know arcund what they
know, ..2.. like physics like motion and things Iike that if they are awsre?.
What mekes up scientific knowledge? wh-wh-what a-3 the constituents?
constituent parts or componeats that you can put it like that, (Of science) Of

scientific knowledge? If it does have any? What-what would we say makes

up scientific knowledge?

Scieatific knowledge err, like knowing chemistry ot eomething like that? ({I
got the impiession that she was not sire as she shriugged her shoniders))
Ya. Ok. Exm do you think that the scieatific methiod (M) is the ooly is the
only way of teaching science (The scientific method) Do you think its the
only way (of teaching science) that science can be taughi? Ya.

{Pauvse} Err ..2.. we can teach about sveryday science in & way where we

make people aware of the things that are happening not using as mech
scientific terminology and angnage, Bot you know like why do why does
thie happen and things like that. Not using the actoal science terminology
and things like that. But sure enough in order to teach something you’ve got
to introduce thoss terminologies and that language to a certein degree, Yes

" you can learn so much abovt science in 8 layman kind of way but when you

are coming down to pure science that you wanns learn the you shou-then
you got to gpeak the language so to spesk. (And wha-what's the langnape
for the scientific method?) You got to be exr {pauss} you got to be accurate,
you got to be you know make sure that you use the terms coriectly when
you're teaching it school and things like that. And I think err it’s equally
important that although these concepts need to be clarified ard they need
used correctly (Mh) we should err pot them out in a sense where it's more-
where psople can take tham in, I mean jt shouldn't be too scientific. So that
er you know kids or children at school can grasp it. Jt should be relevant
and appliceble. Practical-practical fo everyday (Mb). So you can teach
science in that way, (Mh) But jt should be balanced.

‘What do you understand sbout the scientific method?

I thought of you saying how in it being taught, the methods ita being tanght
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it school. (f said do you thisk that the scientific method s the only way that
can be used for teaching science?) Ok, what I thought of was erm teaching
science in school, making sure that you get all the correctly, nsing science

terminclogy (Ck). -

Err {Pause} What are some teaching strategies that you comsider to be
eifective in teaching scionce in sec-to secondary students? :
Secondary stedents? (Yes) Ok, one may be err relevancy, applicable to
everyday, (Mh) you knowbringing in things jesting them ont ke analysing
your school then or something of that sort you know. Err with the
koowledge that kids bring to clzssrooms aware, being avare of that
knowledge sad then tarsing that scientific showing them that there’s science
involved with it that’s one way. (Mh) Another way is erm looking at
something beyond the sylishas fike, say er iransport and technology or that
sort (Mh) and then you know making theim aware of-of acience in that way,
That-that may be a lot-a littls more sbetract because you are not dealing with
it everyday maybe, but they are becoming more aware of it {ike minirg and
things like that (Ya. And er concrete) Concrete? (¥a you are saying that
talking shaut maybe transport and technology may be & bit mors ghetrace
becayse they don't deal with them) Ya, (I mean to meka it clear sundaz wn,
So what concrete sirategies would you-would you thiak could ke xsed?)
Taking them out there like yon koow, Like taking them io inditrr showing
them how it works yor know um actually bringiny themt in thet
enviropment. (Ok. In other words taking field trips) Fieldtdpe. ,a. (Ok).
EBrr Some peopls have mogges d that many students develop their own

" theories to explain nature. (Mh? You seem 1o agree with that? (Mhh, Tdo

) and sometimes these theories can be substantially different from fhe so
caled scientific theories. (Mh) What do you think about this suggestion?

Well I do, I mean (Mb) I have like when you go throngh school etr when
T like $or exemple working with, circnits, and resistance and things like that,
Ideveloped my own theories of how the thing works, ok, and err I form my
own analogies and stuff like that and my own concepte-conceptions, And I
don’t know if it is in accordance with what the teacher ia saying or what-
what it actually is. (M) But sometimes its workable aad-agd while I'm busy
with building that things up if I find loophoies in it and then we'd rearrange




Rcr..

E

E

‘it again in my mind acd things like that. And I ¥:ink lots of people I mean

otz of kids, I work with my nephews and I see they have their own
concepts about what-sbont how things work and stuff like that, Sometimes
its not a bit far off you know (Mh) but I do believe we do form our own
conceptions and semetimes they may be misconceptions which can he ezr
frustrating when yon come to school and then jearn that yor are a bit way
off or something . But-bnt then sgain you will re-alipn yourself in your in
your thonghts in what you gather from the teacher and what you have been
tnught. (Ya) So you-you do form that concept.(YVa ok.)

Now going into the position of the teacher how would you copsider the
students own theories when teaching (How would I consider) Ya. And what
would you do. {With the knowledge that sverybody is formulating their own
concepts, How-how can I get them) how would you take that into consj-what
waould you do in the classroom situation.

Try 1o *ssess out in & way what their concepts are by a form of err making
them work with things that makes me aware of that of how they-the way
they are thinking-their way of thinking Introduce yes the-the concepis that
T want to teach and see how they formulate that from-for themselves, and
i they'se u way off the try to I bring ther by a process I don't know test
or maybe making them see-see a different way (Mh) well sseing different
views from the classroom and so on. (Mh) But being aware surely that
people form their own coancepts (Mh) '

So could you briefly describe er your own theory of bow teaching occuss
{How teaching occurs or learning occurs?) It could be both {Conld be
both?). .

Er, {pavse} well yon know it*s-there’s a Jot of like content and-and factnal
knowledge and sinff that we have to transfer, I mean pupils, kids form their
own knowledgs the way fhey interact they-they-society and stuff like that
from their own backgrounds and er we provide and if left to their own
devices I mean they'd be acting spontaneonsly and form ..7.. their own. But
what we as teachers are doing is directing them, erm we are giving them
knowledge about maths axd seience and things like thai and which probably
otherwise wouldn®t have taken interest in (Mh). So we are providing them
with, tbis here, And err what we should be providiag them with iz in fact
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skills, skiils such as the ability to-doing, I don,t know how yeu assess those
but the ability to interpret o understand, skille such es that-that would bear

_on desling with the scientific problem, to conceptualise it to interpret the:

scientific problem (Mh). Since skills like to kuow that they are more
important than teaching them the factnal knowledge because if they have
those basics, the ability to think to think abstractly, and stuff liks that, with
that ae a life sldlt (Mh) they can go ahead and erm deal with problers as

_ they come along. As they go aleng they will be Isarning more, and they do

a ot of problems. So we deal-we as teachers are more facilitsiors I would
say. We are there to guids along. I think skills are more important than

When did you develop this attitude? That skilis are mere important thaa just

transferring factual knowledge to the stedents? Was it before you started

your HDE eourse or it has enlightsned you on that,

13 will 711 tell you like in my final year of Bse (Mb) ..... I became ..X
became awars of teaching and what was jacking in my schooling and stuff
Yike that. I became aware of it because like skilla that I, in other words I-]
hadn’t developed the art of writing or thinking critically or writing down
arguments and doing thi-analysing things like and had become a bit of a
problem for me and J-and T do-decided that had Tbeen taught those skiils I
mesn I excelled in seience and mathe but 1 knew all of it, dut I wasn't I
couldn’t deal with problems beyond that. I realised that (Mh) snd became
a §ittle bit more err when-whils doing my HDipEd now I realised bhe! this
is what I've been thinking and it became a bit more conceetely for me. (Mh)
So those lacking skills that I have been experiencing ..1... (Ok they became
consolidated) Mitt, (Well you =:e being aware of that now.)

Ok, Now we go into inferviews about instances and non-instances in science
teaching, Ok. What I'l do is I'll zead out and in your view do-wonld you
think that science teaching wes happering in the instances that I would

provide or I'will read ¢t 10 you, and err if you feel that you cannot tefl er-

what would you need I would like you to state what would be needed to
help you to tell whether science teaching is taking place or not, And thea if
you think that science teaching is taking :ince I would kiks you to give your
reazons why you think so, (In thix :nterview?) Yea. Ok. Brx. We have &



teacher handing out crystals. Ok. That is the instance. And er to explain
more about it, the teacher is ir a sid 6 class at the start of a topic an erystals
e asks the class "What can you tell me about the crystals I*ve just passed
around the class?"

Ok science féaching happening there *What can you tell me about the
cryatals that have been passed round the class?* (Mh). It’s quite an open
ended question, some students may not know what crystals ure ok the object
that is passed around is called just crystals tot what are they mny be bit of
2 problem but erm and er stndents may then xo shead apd define it by
saying ob. it's blue it's got this shape, it feels like this. Ok. And then if left
at that er kids will hen think that things that feel like that or looks like that
or Bas this form i¢ then & crysizl it may cause misconceptions. Fbut I think
it’s a fair way of starting by yot know um or maybe you could have started

the question by *what do you thick this is?” And peopls will give their idea. -

(Mh) ideas of wist it is, {So would you think that teaching is teking place

. or not or some?) From the level where peopie are thinking about what he's

given them, (Mb) yes maybe science teaching is taking place,. (Do yon
think the kids are learning?) Leaming as such err, well if thiz-this is justa
semtenss, meayha a bit later as he develops (Mh) the jesson maybe they will
be learning something, but for the-fust that sentence zzm they're learning
just to thick sbout of something about whet is given to them to make a-to
make a decision on what it is. (Ya. 0%).

Now we’ve got a studant watching TV. (Mh) Ok a student at home watching
a TV programins on chemical plants which produce new plastics from eoal,
Do you think that there is some teaching happening there?

‘Well what is bappens well I w-watch mosi-I can't just put-watch, these
programmes sboet how they make plastics or bread and er yes ex to 20
extent where you see the process happening {some disturbing noiss} Ya we
are Jearning sbout the process it's like er ya ok now I'kmow how they make

_that plustic. You-yor kind of learn something, ya. (Mh) ... I know now

whers my-my can. of coke comes from, how it was made. Now that’s
something. (Ya. But wouid you consider teaching-science teaching to. be
happening) Science teaching? (At that time when the student is watching the
TV prograrama?) Well I've learned something and I think that’s-that'’s good.
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(Ya you have learpad) Ya. (Do you think teaching has taken place?} {Pansa}
Teaching? (M) {Pacse} Well is learning teaching? Can it stand from
teaching alone. (What do you think?) Maybe we learn from everyday
interactions (Ya) .

OK you could have learned. So you could have learned or this particular
student could have leammed without being twoght. Is that what you are
saying?

«»» could be tanght in a sense whare he hag a teacher up in front and he is

‘taking notes or something (fen't the TV doing that? ) Well he's just seeing
" something err he doesn’t err he's not actively engaged he can’t eay hey stop

now whet's happening here, (Mh) Er he may fhink about these things but he
doesn’t have the opportnnity to interact and ask gquestionse, And if that
happens that's that that’s nof teaching, because. then you arc developing
skills ax well a8 much as introducing facts and process of how er a bottle
was made, So er the extent that he’s leared somsthing, yes to the extesit
that he's been er {Panse} I don't know. T don’t know. {Smiles}

Ok. Lsets go fo the next one. The-there are students in a lbrary doing

~ some problems. You've got two std B studonts who are working on 2 sst of

vapour pressure problems from & chemistry textbook given for homework.
(Ok they are workipg with, problema) Ya they're working on problems. (Ok
is t2aching fiearning occurring?)

Ok the-the, what's Ok sh-er with what they have learned in the olsssroom .

ok they-they now they are coming to the library to do problems, Yes they
are applyig what they have leamnt and fiom-ok probably takieg information
from the textbook then applying err hat knowledge that they have gained to
work ont the problem. (Mh) So they are using their ability ...7.... so they
re developing scmething and er what they are fiow doing is err something,
that they'll internalise how to do this problem. (Mh) So they are Jeaming.

 (Ya. But are they being tanght?) Are they being taught? at that instant when

they are wosking on thesc problems) No they are not being tanght.

The next one is on a upiversity lecturer who is Jecturing on molecular
orbitals to a smail group of grade ones. Let’s say you iake prafessor Gerrans
({F langhs} to a group of grade ones?)

Lecturing on what he would lecture (Lectusing en molecular arbitsls to those

e .
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grade ones) Well I don’t think they have the foundation or srm, it may be

too far fetched for them they don’t have the-the structures (Mh) to be trught
molecnlar orbitals at fhat age or you know from what they've aiready learnt.

1 don't think that a grade one kid knows anything sbout melecular orbitsls -

unless jt's 1994 and P'm still behind. And err so T don’t thivk he's teacking

them anything or that they are learning anything either because they don’t -

have the foundation of structures, they have’nt internalised anything zbout
you know a s-a foundation where they can learn about molecular orbitals.
({peuse} Ok.)

Erm {Clears throat} So you've got a teacher questioning a stzdent’s
statemnent, So during that instance, what happens? You've got a teacher who
teads a std 8 chemistry student’s staferment that "ideal gas have no volume®
and theri asks the student *Were you refercing to the gas particles or the gas
as a whole?” { Door bangs in & rearby office./ We change the venue)} Ya
the guestion is on a teacher who reeds & std 8 chemjstry student’s statemanit
that'ldeﬂgaseshavamvoinmsmﬂuksmyourefemngmthegas
particles or the gas as a whole?" Do you thing science teaching is happening
here?

{Clears throat} If I were the stndent-if T were the stndent if I made a
statement lke that it would stem from being told about the gas as a whole.
Ok. Er I wonld probably be thinking shout the gas as a whole, and now that
P'm being told about thinking of gas particles, or P'm sot thinking of it as
& whole er I'would be a bit confused but none the Jess thinking about what
in it actoslly to the gas particles or the gas as a whole, have I not made the
siatement or have I not seen the whole picture so err surely the er student
is being prompted to think sbout something more than the statement that he's
made. So er yes the-teach-, yes the student may be learning semething from
that apd is he being taught, ya he's being taught to err to think abont
actually the statement that is being made. Ya. '

Ok, Now the other one you've got a {eacher who asks students to label a
dingram, Ok, A teacher at the end of » démonstration on the electrolysis of
‘water, distributes a drawing and adks students to label the spparatus used in
the experiment from memory. (Labellheappmmausedin& experiment
frommmmy) Yes.
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Err iis teaching happening from there? Brr (Ya) Ye what has happesed j& just
s demonstration? (Mu), Ok, And err I don't think, sorry. (It was at the end
of the demonstration.) demonsitation. Ok. ..." . ‘emonstrated to butIdoa’t
thixk thare's enongh in that demonstration for me ! srv concretiss about the
apparaizs that they’ve been I mean basically thers may have been a mentioa
of the apparatns being used. (Mhh) Ok. And er jts 2 demonstyation I hiave

- actively engaged with those appavatus and they don't know what they are.

So from memory maybe I'd remember the names er but not knowing what
they 2re used for or how actually they work I don't think that wonld be Jong
term memory Ijust would be able to label them iramediately after the, thing
maybe weren’t listening I'd skip out the ..7.. apparstus, But erm [ don"t
think there’s adequate teaching happening there as far as-as trying to label
apparatos or what the apparsins are used for, (ME) I don't thiok that the
pupils have learnt anything much eifher frem just recall from memory
bacmsettstooshmtaumatoleam.Toknowemcﬂywmtthemappm
are (OK) I don’t thirk so. (Ok.)

Thmt:menwilihenmdentauhng:qunbm(nhoutﬁm{lmgb:})&
you've got a junior secondary student in a class, who is watching an
experiment on tke olectrolysis of water whick has been going on for
sometime, then asks the teachsr *Do you think you've all the oxygen out
thers already?” (OK) So thers is a student who is watching this experiment
which bas been set up for sometime and then wonde-fg .,.7... and asks the

* teacher if he has ail the oxygen in there. Do yeu: friak thers’s any teach- -

..... surely the teac-er the student is engaged in sofi:s kind of thought he's

. thinking abeut this. Er probably the teacher ki 0%t it f mean the experiment

has been running for some time so er he's pruintiy just left it at there and
er Ieft the kids to ¢hink, shont it. I don’t keow if he has ...7... the
environment whers he is, er awaiting somethipg, some kind of question like
that. Surely the kid's learning sowething I mean he's ihinking about
something and if he finds the answer to that he'd ren »mber it. I would,
(Mb) I mean asked thie qnestion and I wani the answer to it. So he would
internalise it he's got to learn something from that. So yes the pupil is

- lesrning something 1 don™t know what or how far teacking haa been done.

(Ok.) Surely the stndent is thinking, (But you're siot sure whether thers is




any feaching inking place?) Mm mm. (Do you feel that you need more
information to know if) Ya, ya w-wiiat environment, did the-did the teacher
just come and set the experiment and leava or was it explained, did he leave
it for sometime so that he'd created the environment whers he knew and
anticipated questions from students, (M) He set up a few questions on the
board, things Jike that. Or did hie do statements for them to react on.
Ok.'l'hemxtonam ona mﬂm&baking.Youhavenutudemathmu
following a recipe for beking a fruit cake,

Has he learnt anything? Br (Is teacking teking) s teaching taking place.
‘Well if he can follow instructions tien ite fice we can all do that, but I mean
we all can cook but nons of ne-I don’t think everybody ig chef. ¥ moan we
probably all can follow recipes but pay for izstance if something goer g
we doa’ Lixve enough sugar we've got to improvise, Then ifhe’sab. s do
that then he's learnt, He's er-he’s been taught, you know the kills of-of
improvising, So if he's been able to do that then he’s been tanght. But
merely following a recine and er I mean anybody can do that to follow a
recipe, ok to the extent that he's tanght to think from: step to step, and that-
that's good. (hMh) But as far as er further lavels of beiag able to improvise
and to think that now what do I do I don’t have eaough sugar or something
(Mh) Er then I think that might bs lackiag, Tut if you can follow a recips
yon are tanght to think in a systematic orderly way. (Would the person be
teught at the time of following the recipe? Is there any teaching taking
place®) No, k='z just merely following the recipe I don’t think teaching is
happening, I don’t know why I'm usivg sugar, or what sogar does in baking
1 don’t know what the yeast does (Mh) I don’t think I'm learning anything
jnst following instructions.

Ok. Now we are we're looking at guestions sbout teaching tasks. Do you
have any experience in teaching?

Experience in teaching? Er except for er the two week experience that we
had before and a bit of maths tutoring not much.

Ok. Etr ] have here & list of tasks related to teaching and er I would jike
you to rate each-each aspect in terms of how important it is sorry how
important do. you think it is to know it to do it well. Ok. Whether it is
erucial that that you koow it, or it is just important or it is desirable but not
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important. Or soy othér rate that you waot to give it. And or I would aiso
like you to state your present competence in the task. (Ok) Ok. The first-
tack that I liave here is controlling the class? -

" Isit importam? (¥a} I think it's ya. To an exlentit is very lmporumtyou'w

got to contrel the class so fhat everybody has the opportupity to teaxn, I
mean you don’thavaahnmhofguysatmabacknfﬁwclammnaking
rowdy noise distorbing %ho:entfromlemngor—oﬂhmkmgabm stuff. So

. yes I think it is important to controt the class erm-erm-~Are you talking about

noise there and stuff like that? Br (Rt could be #ay kind of control) contro}
er, showing you an authority that you you're the one who is controlling of
the class, and pupils should pay atiention te you ya I think that’s important.
Ya it er and Imean there chou id be 2 bit of er row-er-noise in the ¢lsssroom
that allows for interaction with peers but-but er constructive moise you know
{pauss} to an extent there should be control otherwise you could be side

" tracked completely from-from-if you if you want wmeﬂ:ling doas and ...7...

(Ok)
Er, monitoring stndents progress? {Pause} Is that crucml?

" I think jits important I think its imporiant becanse er I mean ...2.... slems
. from there how do you moritor #isiz progross I mean how actually do yon

do thet, how do you know that someone is actually understanding if
someone has the ability to interpret to what extest ars you golng-But X think
ite important in that to & certain level yes you aesess if someone nows so
much and if they are lacking in some kind of er skill or something you ¢an
thmand-andaddre&s!hat.Yesthﬂeﬂhoﬂldbumemnﬂonngwhma
child headed ...7...

And selecting material to be Jearnt

I think that is vita-er {crucial) crucial ya I mean er yon should -bearing in
mind that its the pupil that’s learning ot your chozes yvu kuow coming
from the background of the pupil and wh-what would be appropriate for the
pupil, yes the materiel that has been given to the kid should be wisely
chosen in developing you know er should to ensure that they develup well

" 80 to speak, I miesn you can’t telt how someons is going to develop thonght

procedses ars, yo can't guide that you can’t say this is how you must think
shout something, But soreiy you can lielp that along to a caratin extent ya
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(Mb)

Er serving the students as a source of knowledge and siill

Well erma {pause} Like I eaid before you know you should there as their foll
guide and as a facilitator. (Mh) I mean we Jearn as well in that processes.
And e, so we are there, yes, as someone who they can come to for [ mesn
they have their processes sorted cut then they have internalised something,
But if they have a problem dealing with sciencs processes and they come
back to- you (mh} they can you know er re-address and sinff like that. So (Sc
you ..2..) T don’ think its er like er solitarian I know all that I kaow all the

skill s0 you come to co:e to me and I'fl tell how ali-this is how you should

do it. Ya sure snough you develop akills and staff kike practical skills and
nes things but you there you know as a facilitator,

So you wouldn't think that it is important to-lo gerve the students ns a
source?

Not as the oply source. Sh-ok Iknow more but “more” right and yom can
come to me This is what I'm telling you, you can go and find out from
ather books from, other research and stuff like that and ye ya you do help
them.

So you don’t 1ike the way it hes been phrased? (the ,,?.. ) Ya I mean that
the teaches will serve the students you dor't want, I rmaean not that you don’t
want iz your opinion yom don't see & teacher as the oply scurce of
Jnowledge (No.) The other task is adapting material chosen to the level of
the students.

Well with the enrriculum and the syllabus that we weye given I mean we
may be dealing with 8 mixed ability classroom and sinff like that, And yes
the material has to be adapted Y think. But I think it's important that you
adapt it you provide with to suit the nesds of the classroom and more eo
now that you're dealing with ...... {END OF TAPE} (You were referting
to the South African situation) Ya, we’ll be dealing more with pupils from

vapying backgrounds varying sbilities, Jlangauge problems, and
comprekension and things like that. So yes the material has to be adapted
But not to the level where guality is er you know eroded, I mean we got to
have 1o cut down on the quantity but and quality shoulé be there should
remsin but adapted, Adapt the material but don’t forgst that it should be

F:

I

sound (M)

Ok.Thenextnna:smutrucungmdents on the demands and procedures of
learning, do you think that is important?

- Tnstrycting students on the demands and procedures (oflsm:mg) oflsarning.

1 don’t really understand ¢hat.
Wunldyonihinkﬂ:atmateachsr(MH)shonldbe-shmldkmwhﬁwto
insteuct students on the demands and procedures of jearning to be abls to do
that, I mean is it important to do that teachers know that, Kmow how to
instruct studen: on the demands and procedures of learning.

Err {pause} wek I think there is certain amount of ex  certain amount of
inowledge thet needs to be transferred to students and stuff ke tha. Erm

{Pause} Yes the-I mean we’ve got to keep up fo date with work and thimgs .

that have to be done on time and eteff like that. I think it-it's not the fact hat
we give up a set of work by the end of the day or bring back their
homework and staff 1ike that. I thisk surely it is irposiant to keep a rec.rd
of where you are or whers they are (hSh) But err-err it's what they gain
from it which is more important. Yes to su extent it ie imporiant to make
known that you kuow this is where we be headed to, this is the procedurs.
(Mh) the pupils should be aware of where they’re neaded ......

Mm Constructing experience for the stodents to juateract with the content.
Constructing experience (for the students to interact with the content) Telling
them how they should er I mean und-undertake the practicals. Bem, Yes
there should some extent of some guidance, I think, but experience is
romething and individual is or engages in for themselven, So erm er yes it
shonid be gpided but the experience that they derive form it wonld be
individual (mb) for every pusil So you can't comstruct it or meke it
convergent. Yes they shoutd be guided. They would then jearn from it. {¥a)
Thai’s where we have a pcoblem with oetcome based teaching, you know
otjectives, tarminal behaviour (Mh). This is what I wanted kids fo be able
to do at the end of it. How sure are you that kide would be abls to that,
what if he doesn't what then, I think we should facilitate the fact that you

‘know we are dealing with individuals. I have & bit of & probiem with class

bazed experience,

Ck. Sofarwe-wevalookedstthe:mportancaoformcm]neuofthese :

D



¥:

T

P

F:

tasks [ mean knowing how to-do these tasks to be able to do them. Er what
is your present competence on these tasks?

Well I bave’nt had the opportunity to control a class I mean its
‘??progresgive stuff fike that (ME) but er fhere is-well the fact that ] have the
theory about it Imean I'm thinking sbout 3t-it would have a bearing if faced
with these situations when I go into the classroom (Mh). How well Ido it
I woulde’t know I mean 1 can think shout it but actually doing it like
controlling & class I may have ideas this s how I would do it or how it
should be dope, But a3 fer as actually doing thie stuff (MH) um ¥ have’nt
hed any experience. And I gusss it's something I will earn wien-when I do
tesching-prac teaching. But surely ecr having an ides about it would
strncture the way I would be doing it. (Mh)

Etr, my next few questions relate to the work that you hkave done so fir.
{Pause} Can yon tell me about the courses that you are doing this year or
topics that are doing for your HDE,

My HDE I'm doing the science methodology physice ah mnca physice
methodology, additional physica as weil, (Mh) thet’s more of general science
at std 6 and 8 and then biology up *~ matric, ok and v are doing theory of

* education, then computers and ;. :angauge endorsement, I think fhat’s it

which I failed hopelessly {Giggles}.

8o in your opinio-your physics additional studies (Mh) is that right (Mh)
‘Whst are you actually doing there?

We deal a little bit about fhe history andhnw you know like Aristatls, and
Carponwus and staff like that, akout the history of where physics and new
science developed and siuff like that or = bit more shout the historjeal
background. (Mh)

Soyoumnotacmallyloohngatﬂaesyllabns?
Erthmmaspects]ike!hemnconoepﬂmanﬂthmgslﬂmﬁatlﬂ:mkwe
deglt with & bit iny scjsnce physics. ] think ex M3 er mentioned theories about
cirenits and stuff liks that ..2..

That-Wasn't that in the methodology?

Mmm No there was a bit of that ir “be additionsl sindies, a stight bit ya
kaow like er deal with misconceptio.. 5f er jdeas, so we deali a bit with it
buot otherwise it was just more theory and history which is a bit ....7... down
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-~ the history to see what went wrong. (Do you think it's helpful, the

sdditional studies?) Helpful?, Err {paunse} (Would you) to an extent having

& bit of history is ok. I would-I would have thonght that the additiopal

stadies would equip me more as & science teacher, like yor know gealing
with say misconceptions, what thess are generslly in science, ¢rr how to
deal with them, how to be more ~ompetent in the science classroom as far
aE setting up experiments, more practicel, something applicable, I mean I
can take back when I"m leaving. History is ok to a certain extent, err L can
read sbout it. 1 could have read all abont that if he had said tv us. But I
thought additional studies would be whese I would be given a littie mo ; of
scieace coaching (more of the content) Ya {that you need in the schools)
schools Ya, y&. I mean I'm not, I fear it & bit but I'm dolng science up to
std 7 and stuff, but I’ in & bit of {pavee} fear £t becauss what if I don’t
know epongh or something that’s not in the science., 1 always have that
horrorbuterrllwouidhnveﬂmugmﬂ:atitwmldbememuvem
a sense.

If-if yoz were given sn opportunity to-to make some suggestions (Mb) In
this particulsr case, you may suggest something but it may not be tiken up
(M), Ok, Wh-what kind of suggeations

Ag far as the additional stndies are concernied? Yes they shonld be, ok we
are dealing with a bit of history, we need that to deal with science and
angwer questions properiy ... history of science I fhink it's impostant but as
far as the yest of the course is concerned It should have been a bit more
coaching in science dealing with our misconceptions, misconceptions that
may arise in classrooms erm you know deslir; with ectual classroom
situatiens, {pavse} ya more relsvant applicable stuff' (OF).

Err my last question I hops sone crop up later, How do you fee! about the
way the course topics have been handled so far? That is in the yesearch
methodology (Yes [ {frowning} research methods? ) I'm sorry, phyaical
science methodology?

_ Physicalscmncsmethodoiogy?hfarmﬂmwhohenhreHDBmmu

concerned w3 are dealing with a Jot of repstition, I mean ass far as this
textbook analysis or text analysis was concecned, we did it in cors science,
we did it in biology and we did it in science all within & week and it ia

LI
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frustrating and it has happen::d before with other topics as well (M) Er
{pause} It's informative in that we have we are made aware of ideas apd
thipgs that may come-come sbout, tat ecr, I don’t know, it’s like esx
{Pavre} I know we have 1o analyss curricujem make you know, be aware
of what we are dealing with and steff like that bnt I just don’t feel that we
are actively engaged in teaching , maybe I'm just too err I just want to get
into teaching s» such without having the background knowledge (Mh). But
er the are times when I felt why am I dofng this and things like that. I'll
keep note of it as we go along (Ya. So have kept a note of last week’s er)
Last week's ya I mean we did so much text anaslyss like in the coze and
stuff lilze that it became a bit frustrating.

What was it-why was it frusteating could it vecanse you did it (Three times)
three times {(Mh) So was it he pame-same book?

Err We have a basis, The-I mean we have a basic idea about it but doing it
over three times is a bit too much. If yor have an idea, I mean we you have
an idez about sumething you can apply it all acress-across the board. (ME)
And doing it three times is really a waste, Er that's more, that’s another
thing, I came in I think we should be gives more arm of these things like
how do you Jook at textbook at one-one you know at one workshop and erm
not being asked ol why do you need to de it or somethicz. I know I jost-
I've been having a bit of a problem as well because I ficd myself catting
piciures and meking posters more of the time as far as biology is concerned,
I mean I conld be doing something more constructive, more helpfal yon
know, Thie is what you Inek cut for this is what you should be dealing with
and things like that, I think P’'m being treated more Hke erm as children, a
child {Both laugh} a pupil. Well then hey I’m gonna be a tsacher soon,
(M) an adult you know what I mean (ya). I thinks that’s what ..%.. as well.

. Like I caid ] wae made more aware of er more of the idea of about teaching

and learning process iiself and stuff like that, that's good. Erm but as far as,
like for biology, putting up charts, er Tanning a Jab and things Xike that,
{panse}, maybe I'm a bit fazy in that I don’t actually want to ran a Jeb you
have to collect animnls. and things Jike that. (Mh) Erm X don’t know it's er
it*s becoming & bit frustrating after the first few weeks I want 1o quit the
HDipEd. That this is just too much for me (Mh. W-w-where were you

1

getting too much work?) The work was too much, (Vi) Thers was just so
much going on. I mean liks it was repetition I mean I'm to do aalysis for
biclogy I had to do analysis for sciece in the same texthook style (mb) T

miean we one foy that and then we do another on for that and then woe do

it all the tims, Tt er it becomes its frustrating mas becauss you spend so minch
time fittle sasignments - -d typing up stuff, and things like that. Er I don"t
kaow it just becomes & vt frostrating. :

So what would you prefer things, howdoynnﬂmwwmld[preﬁenﬂ)
things to bs done?
Ofcoumarssl\ﬁklmemldoreahaeﬂmtim:mpommthntwuwm

“ kind of feel about-sbout things you know be aware things that hagpen, in

clagsrooms and stuff Like thet and er things that we can’t do in, classrooms
and stuff Tike that. I think it should be a bit more constructive, Eim, actusHy
like we don't even go out to c¢lassss, I mean schoole and see different
schools and things like that, engaging in that I mean we don’t do that. {Mh)
We only go to specific schools when we want to prac-teach. But you know
actually sitting in on classrooms err gesing what happens, giving lessons,
Oh! fer biology we got quite a bit of practice with it giving lessons and

- eritique ard stoff tike that. I think those were-those wers good. {Dida't you

get the same in ) We had one in physical science (in biology yon hed
several) We had thres ok. (Y4) ... (That-that you found useful?) Ya ya.
That was profitable becauss sverybody did different lesson, and the giving
gpecific things erded ip like teaching akills, prac and things liks thet. And
then from there we
you need to be aware of those were more concrete stuff which we could deal
with.

Wouldn’t you fesl that if the ceme was done for the physical science
methodalogy (You - -2 again) it would be repetition?

Ya sagain it would be repetition via know, I don’t know how they could
stroctore this, You know. {Ya) I thought that when I wes doing the physical
science methodology that Pl be taught how to do sciencs as weil, I mean
doing experiments, and actually learning hox. to run a prac, practicslly
doing it. (Mh. But you don't see it happening 7) {makes sonnd from back
of month meaning no v0.} Nothing happening, and I just get frusizated with

could discuss you ‘mow what the loop holes are, what




E:

| .

Fersial's second interview. At School P,

4ll these assignments and writs upe and fhings Jike that. Ok yes it’s part of
the game. (Ya you have to play it), you leamn from it. (What’s this saying
I think if you can't do-something, if you can’t be on the opposite side you
bave to be on the same side som-something io that effect) Mh mh If yon
can't best it joint it or something, (It's ya y2 ya) {Both laugh} , (If you
can’t beat it join i) But then it"s only for this year, right?) Ya. I've spoken
to othars who have taught alre=4w, and coming only now then to do their
HEDip.Ed. , and they find it very informative. (Mh) So surely, I mean I find
it frustrating now in the end I'd err

So w-would you would you have preferred to bs in a school situation (mh)
before coming back and do your HDE?

1 suppose that was the two weeks experience aiming to do hey, erm I think
a bit of both, I think you know going to cla-er going to school with my
methodology teachexs and stff like that you know different types of schools
and picking ont what the problems are, may-being aware of these in real life
situations apd then comipg and then readdressing them (ML) and the we run
in claksrooms and then consolidating emd then poing back to teach and ses
how tiiese things work. I think that would have been a lot more constmuctive.,
(M) But surely & bit of theory has to be the way of .... is imporiant.

Ya thank you. {The diecussion went on and part of it was sot recorded, then
I decided ta coctinue recording}

...... ‘misconceptions. And then those were not adeqnately addressed and
telated to school, how do I desl with that (Ya). My own misconceptions
(We all have) Ya we all have misconceptions {Both leugh}

Date: 16/09/94

Venue: Residential place, P. School.

I:

E:

So maybe you eowld start by just seying what you experienced, o you felt
how things went o4 i your classeg and the problems you had, and how you
went around solving t-ase.

Ok, Br Well, when I jirzt begun here, weil er it looke like well | never
taught before, (Ok) This was my first experience, Er [paues] so er | waz,
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before I begun here I wasn't quite sure what it is exactly I'm here for to
teach, you know what is it I want as a teacher the goal that I have as yet
described for myself agd I guees it is waderstandably so, 1 haven't tanght
befors. Er well after the first, well things were really nice I'm glad I came
her I choss it beranse it was different from government schools and erc
something different I new the experience wonld be different not only for
teaching but for myseif af"well because I’m staying here at the school so it

. 'wag more than just & achool that I was involved in it was getting involved

in, it was the atmosphere in the commuaity (Mh) as weil. So er I'm really
glad that I did that and that I'm. really glad for the experiense, looking back.
Erm well after a week of teaching up to two weeks of teaching well it
wasn't that I found myself lagging behind, lack of control er rot sure you
know didn't quite know the ?1.... fiow of the vibe of the clagsroom, er what
is it that I was trying top get across o the elassroom and eto etc and [ w.s
er helped by Stella and Ann when they got me fo sit down and talked about
things .. you know for me 1o get more stroture and they gave me advice
ané things like that. Ther after that I got a Jot of support from them and
enconragement and things went much better. T would ] really worked hard
you know, I spent hounss glasning, thinking about thinge, it doesn’t come
quite easy to me, (Mh} So preparing a lesson I'become quite anxions and it
tokes quite a while for me io think about something when preparing a
Jesson, something new and something different something creative it takes
quite a while, Er and how to teach #tc etc. Br or well as far as that is
concer-I'm slowly getting I found that the last few weeks I'm not doiog
much work it beoomes a lot easier to do the lessons and thingd Jike that,

“Yeu more or less access out what the clags is abie to do the time and things

like that. (Mm) Er as fax as the crits are gone I found the sciencs, er, well
as far a9 Mt is concerned she was very supportive and-and er gave lots of
good advice er that kind of thing, er always asking what I thought how I
would do it differently I like the id2a to be warned that she’s coming, which
isn"t the case in biology. (they just rock vs) {soine laughter} They just, they
just rock no and hope to see something innovative when yon may be in the
middle of a section and just continning with work, Then you get critted on
that lesson which is not ns exciting as when you began with it and that's

. @



supposed to give them & feeling of where you are (ME) and you know X
don't think that’s fair, And er another thing it's like er {Don't you think its

away of getting you 10 be, .. up to date) vp to date. Ya suys enough er you |

know 'm eaying if you like. For instance today I got critted by Ann. 1
started yesterday with doing deta response and skills, Teday was me and
what I did was the alm of that lesson yesterday was to get them to work in
groups I assigned them to be in and then auswering all the questions, give
them. the time to angwer all the questions then gave specific questions to

each group, And thes thay hed to dec-consolidate that answer and then ons

pesson elected ag leader had o come to sddress the rest of the class whi-~
I thought was a good skill, (Mh) Which keyed on today, ok where I left
yesterday because they dida’t complete. And er (the biology group?) Yes
that was the biology group, that keyed up today, And er well the cxit that
T got was that it was fair it was just average it wasa't good. (Mh) Well I
begua that thing with the aim and I you kXnow and er its just that its the
lesgon needed to continue it was no other way I conld {pause} {ya) doit. I
had to finish the work before, that kind of thing. So il is a bit er, I don’t
know {panse}. It is, well » lot of good - = '=¢ off being critted, you do find
your own faults and things are highligh.:sd to you. But you know judgement
being made and =urely & judgement does then ieave er a feeling, you know
¥ind of first imprassions last that kind of thing. About the lesson somehow
I feel it isn't totally fair. (Jf they had to pass & judgement or something like
that) Well ya. Well I gress therefore we get critied more than once, because

its the cumulative that comes st the end. Well it’s been ok. Er I've learnt

quite a lot that's what I was here, I goess if I keew everything I wouldn’t
be here, So I+ accept that their course? ... and er that ’'m here to lsarn. But
its been a good expesience (Mh). :

Erm, how do you rate your lesson? How successfol were they? What
happened that would maks you conclede that they were succepsfol? (If they
were successful) I'm talling about thoss which were successful. (which were
succegsful) :

‘Well I find that a lot of group activity an activity where they were Ieft to
fuily thiak for themseives, I'm. talking about std six biology (Mh) now the
Xids enjoyed that and er I was also told today that 1 do a lot of fun sotivities

o

instead of teaching which I disagres with as long as there in learning taking
place (Ya). I'm quite bappy. What I did today was er [intcoduced the Jonson
as a competition. ‘Who would like to win this year’ You peed to follow
these instructions these are the rules of the competition, And thai's how I
organiged the class in ... and they had tv sork through a crossword. They
were given the closing date of the compstition etc efc that kind of thing
(Mb). .. And er well the crossword although fon weren’t or needed or
required that they er use their booka for the whole section of what we've
done so a2 to find answers in order to fill it in. So surely rovision was
taking piace there, They were aning some words that langnege akill, in
which Eaplish was being vocabulary was being t-propagated there and er
working with someone else as a pair (mh) the hing about competition
warking within a sef time ........{some deletion by mistaks) by the pupils in
# lesson like what {pause; an .., would do for this one then I'm reslly glad
they have learned. I've taught something, they remember something, And
I'm sure when they pet the results of this ¢rossword, the correct answers
something they*re going to remember.

So you feel that those Jessons whers stndents were having o bit of fan while
they wero Iearning were more successfull

Yes, Well I felt content. (Mh) Er and they seemed ts e happy as <zell, they
enjoyed as well. (Did you give them) They ... worksheets az well
(worksheets?) .... (Ok. So did you conduct some kind of evaluation of that
to ses how much they learnt and so. on; did you give them a fest or
semething?) You mean the erossword? The crossword was run as a test (O,
ok) One group got sll the anewers correct. Ok, so Pm glad sbout that,
everything was dons, I didn’t expect them to write everything, to complete
the crossword,; Thad to give them clues on the hoard which I did. {Ok) They
got a few of it right which it seemp pome were munost thers. So, yes they
have learned the section. They know the section, :
So you feel that those objectives yon set for the lesson were-

(Yes, I think go. I would ~em to thing s0. And er ya er well the std 8
biology I've been doing things mich as tisenes. I've tried introducing things
Dy using common day exanples ete. er it worked ok but I felt that I needed
to get across more conten_ »n fiis case here becauss in the exam they will
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need fo know how to identify this tissue, there is no other way you could
have learned that unless you have been taught or told how to do it. Thers
ware vatious sXills that J tried to bring in like writing skills, making your
vwn paragraphs, looking for topic sentences things like that, which Throught
in as well which helped them with their notes in biclogy. With science er
wostly worksheets, alsa a lot of-encoursged group work, assignments, well
there was one assigament and for std 7 as well (Mh). And mostly
worksheeis where they have to, left to conduet their own experiments to find
the apswers, 1 didn’t do much teaching yes I agres. I wanted them to come
up with the answers. T dou't know if it was that successfol, Er you know
and ex I don’t know maybe I guess you find that out after you have given
a test or evaluated it.

So besides the worksheets which other teaching approaches did yon wge?
Yused videos, ok Tused videos what else did I do, er practical work, a little
bit of fieldwork in std 6 biology they went outside and did some work;
cenducting their own experiments and setting it up snd practleal activities,
video and overhesds and board work, crossword puzzles and whoily words,
Were all of these dons, were you made aware of these during your
methodology or some were just methods you decided to uke?, even

though they wers not discussed?

Well Ya woell [pause] Inever really reflecied on my methodolo,sy,

the teaching methods that I was taught. Maybs I did in a
subconscions way, but not with the intention like er I would be

doing this as specifically said in my methodology potes, (Mh) that

kind of thing like for example like graphing skills a did as a mini.

lesson In my methodology which I gave here as well. Bu I
reworked? it from my evaluation from mny methedclogy lesson and

I used it quits effectively. So yes I did use staff from my
methodolopy. .

Lets Iook 8t leasons which you fesl were unsuccessful. What happemd
during those lessons?

‘Well er I di¢ have a bit of a problem of control at first, (Mh) struciuring
and timing, Well the rapporf got better, the control cot better the timing
also, the way I gave bomework what T gave as homework. Er well I'd find

myself, well 2 part of, well stemming from the personality that I am er, I'd
usually remember things after or I'd try to rectify what I have dons, seeing
my mistake that kind of thing, 1 may not forzsee it while planning (OK) and
then I'd usually end vp giving an instruction that I hadn’t thaught about

" during the lesson or during the preparstion a bit later. But T would know

that even durirg the riext time I did it T would inchids in my prep. So it was
not peeless because jn the end X did learn, Er what elss? You are being tape
recorded {referrisz to her room mate, 'We all lough}, Well er the incidence

- with the atd 7’s waz er was very upsetting, I've tried very hard with the std

7’s. They are known to be a iiotorious class in the school. so I thought let
me do my own work; trying to make the effort with them in techaology,
as well as in science, ing good worksheets, let them do the work,
would help and let them get involved ..., its a more attitude thing that kind
of stems from them, yor know yo get stared down hmnagins, after giving
them an instruction and they will Jook at you like what the hell are you
speaking about (Ye) What happened in that fesgon was er I just felt like I
was in this primary school with kids screaming at me and er no one lstening
fo an instyuctions that was tsken, and me having to scream apd I coulda®t
hamuie it (va) thet kind of thing., It was an experience, It was a Jot of
experience, It's only made me stronger, a Iittle bit hareor. I just kope that
it doesn't mean [ have to be laizairs about it. Jt doess't matter. Sure enough

different situation award different er {panse} wou keow approaches and

responses (Mh). And if something like this happens again maybe I'll be sble
to handle them, '

‘Was this the first time such an incidence happened?

Yes. This was the first time, _

Pm wondesing if they were not trying to show off in my presence. (Well
you heard . cmarks that you wers telling me abonY) ¥a remarks [ heard that
you wouldn't meke it (Ya). Ok. Now, Stelin, waa she sitting in some of
those lessozz or (Yes, She used to sit in moat of the esions, especiaily with
std TH). Was thers each time whe- she wasn't arcund, whea it wax just you
and the class beeides the day when Lin? (Yes, there were, there were times,
And they behaved ok. Its was, well it was a Thursday afternoon Iseson. At
the end of the duy they don’t really give a damn, I's & tug-of-war kind of
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thing.) So the way they were behaving could have been (stemming from the
iast period, your presence maybe, and I don’t know maybe its the attitude
as well). Ok.

But there have been successful lessons with them. (And you were conducting
your lessons slong the same lines you were) Ya (i the same vay that you
did for the one on the Thursday afternoon.) Weil er {pause} One where I
thought I had total control wae when they were taking down notes from an
overhead transparency. (Ya) Just as long as they got the notes down we
don’t need to learn it, we don't have 1o do the work, they will learn it when
the exams come, just as long as they have a nots, But what I find when it
comes to & practical activity they become rowdy and disruptive and they toke
their time because they've got to do the work now. { So in other words)
they sound (there is some kind of laziness) Yes exactly, the lazy element
give us the notes and we will sindy it for the exama, ..... (OK)

It would be interesting to find out from Stelin how they how they

behave, how they conduct themselves in her class, if thay have the

same attitude the. give ue the notes and we will do them for the

" exams we will study them for the exams. (Ya) And when it comes

to practical work then it seems to be problmahc. (Yes it's always

")
Yes its alwayx 4 ......

Hem fet us look at the content. Iiuwoonﬁdenlwereywmthocham-lmm
with the science? ....

Confident? (Ya) Weli I found myself really learning a lot of things, A]otof
things became clearer for me now than they were at a school, that kind of
thing. ‘Well I-when I when I first heacd that I was teaching acids and bases
and reactions and combustion to std 7°s I thought oh my god I kow nothing
about acids and bases. But I learnt a¢ I taught. I'm viad that this has been
more that just a tesching experience because I've learnt myself. {Ok) BEs,

and like I mentioned to you befors I wich there were we were sles given -

lessons on misconceptions and things Iike that. Er my miscenceptions being
exposed students’ misconceptions and the saswer the resl answer I mean to
the present sisconcsptions (Ok) and how it really happens that Kind of
thing. ‘Weil I guess the information that you are gaing to be teaching has to

251

I
F:

I

F:

R R P

be learnt, [ mean you can’t be taught that in basicully methodclogy, or you
would be going through schocl sgain (Yes) So I guees it’s something wa

have to learn as well. I have'nt been stuaned by any questions that I didn’t

know how 1o answer er what you usually have to do with kids is that you
cin maybe ] had to think sbout it or I did kave an answer. But surely you
do learn again, relesrn the ma*~~ial you have fergotten in order to teach.,
How helpful were those “zedon you had with M1 ox ucids and buses,

Well I did, I must admit that Iused er the lesson on indicators of acids and
bases as one of my lessone (ME) which was nice and I planned to was the
neutralisation as one er you know ons example after I have that
neutralisation exezcise with the 7K as a fun thing as & competition thitg as
well, but which didn’t er materialise. Er the sad part obeut the teaching prac
is thet I had to share lessons. becease I couldn’t take the full set of thres
fessons for week for 7K or 6A., You see I couldn’t et usnally my lesson had
to be continned by Stelia or completed by Steila. So like where I missed out
periodically on a leszon and er you know the thing which is a bit sad. But
o7 [ used some methodology ideas, My resource file cams in handy as weli.
But I guess that’s just by mere luck because I hed the appropriate things that
1 needod. Bit surely its some thing to help inio having hint. Ya er {pause}
there were bits and pieces that came in handy but er, from the methodology.

I’ve heard from M1 and ycu have also confirmed it that yon ware taking the
students for some technology, (Yes) with ST whatever. (Technology, y2)
How has that infiuenced your teaching.

14y teaching? Well technohgymbmallyanewmbjeotatwhuoll’ they
don’t have any fixed syliabma {OKk). Er Lorana is not really & technology
teacher, she’s a science teacher und it's also her first time. The approach
that she uees is design and then er you get your materials you make your
thing then you implemeat it to soe that it works, that kind of thing. The
problem here was, that Lorana seems to find is that the design and in the
design they want meterials that are too expensive or 2an'’t be afforded too.
" T gugpested and approach in which eke is giving them the materials and
«.4igning from the materials that they have, in order to ~ down on costs
kipd of thing. Br I don’t know if it worka and there are ..is0 stndents who
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are conscientious and who are that way orientated to make things, but then
three quarters of the class seem uninterested in technology. They would be
interested in baking cakes, thet kind of thing you know foll « 'ng & secipe
and doing it unthinking for themselves. t's funny when you diigk it would
be more adventurous to design your own, There are s fow that yes get
sxcited about. The rest aren’t and I was amazed. I would have thought that
people would have been ya-hoojng about technciogy. But they just seem to
be agh, it’s another free mibject (Ya).

‘What did you eay are your resources? {(For technology?) Ya?

Well what I did with technology was I my curriculum package lesson.
Instead of doing it for science ¥ did it in technology and Iused that class as
my volunteer group. (Mh) What I did at first was fo give them a bit of
background information about physical methods that were used, that Jused
to cfean up an oil spills and then tell me what the consequences are of oil
spills. And thenTtold them a few of the methods that are used {(Ya). Ok and
then er what I did was to get them to the Jibrary with a worksheet set up and
questions they needed to answer shont oil about oil epill. And st the end of
thet double period they needed to have decigned more or less something that
wotld help them in a simulation ‘clean up and oil spill in a pipepan’, kind
of thing, which did not go very well because I wanted them to design
something give me 4 list of what they needed, more or like er technology
where they do the design and then pive Lorana the sheet and then she
purchases the materials they constmeted and then they do the whatever. So
that’s what I intended but it didn" ~ork ont because no body came with the
list, thay never completed the work, They went into detention after that and
half of them pitched up for detention. Detention is not effective here. So
what I decided was then to ron the practical myself. To simuiate I put them
into groups I gave them different materials, set out in worksheet, simutated
an oil apill in a pipepan and some water and some oil. They had to work
through & worksheet by-work through with different material such at cotton
wool and er string, cloth, see how well they clean, they had to time Liow
long it took and effective and how clean it was. After they bave dons
various materials they would then on their own try to uze a combination and

‘see the quickest time, that kind of thing. And then after that they

I

censolidated it consolidated it together and er tiey do have the question that -

. they did a week before i the library work plus the workstieet that they 4id

at the Tesson that I gave as a report which, I'm gonna wait Hil Taesday,
‘That's what I 4id basically. T did it basically becenss for the moment they
are waiting for meterial to come for the projects that they planned four
weeks ago. The costs are just too much.

Iou't there a foe charged that? (for technology?) mh (as 2 subject?) Ya. (if
you chrose tachnolopy and then you got to pay? )

I doa't know maybs they should consider something like that, But it's a
private school snd they piy quite a bit of fees anyway. (Ya)
While we were talking about those misconceptions, you wers saylng that
you wish that ie your HDE you wouid have been in & position where you

would expose your own misconceptions and become aware of other

misconceptions. Didn't you do it in your additional studies in chemistry?
‘We were giren basically in the additional studies the history of chemistry
and the history of physics. A bit of misconceptions yes, but we wers never
really given the right answers in the end. (Ok). You know tha! this is a
misconception, thiz is a misconception (what ..) but what is the right
spswer?. (We had a little discussion yesterday, vou remember about the
molecules) Ya I know I -I still ook up the way I"ve been teaching it is the
way [ h-you know the kide are Jooking at it as they have besn formed
anelogies with people, people as molecules and things like that (Mh) So I
don’t kaow when you say, wihen you told me about heat net being, the
molscnle is not heating up I can understand it as it being er as maybe
between the molecules? probably I don't know. '
Well the way Ilook at 28 we discuss i could have been wrong, it’s just that
when you heat water {pause} er what happens? The temperature rises {yes).
‘What temperature, is it the temperature of the water or that of the particles?
Well water is made up of water molecules, So wha-are you talking about the
spaces? (Tt is the whole thing that is being heated up) Ya. (But I'm not sure
1 think I’H ask this in one of our discussions) Is the temperature of a single
molecule or the temperature of the entire thing? (Ya it is the temperatnre of
the entire thing, it wouldn't be the temperature of an individual molecnle)
Yes (but it is the activity of the molecule in its vibration) That's makiag the
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heat (Yay Ya sure. (The way it is presonted there is that it is that it is the

actual moleczles ) No, well ya, the way I tried to do iv wiih conduction was
to tell them that a molecule was carrying a package which was heat from
one person to the next person as it vibrates or ran along (ya) a8 i the relay
race and the baton, (OK) that’s how I tried io teach heat conduction. (I wish
I hed been there,) You can check through the Jessons. (I ptill need your, i
shouldn’t record this 1 stiil need your lesson plan for today, and maybe if I
could iook at the ons on conduction) Do you want my fils on Thursday? (Ya
¥ think I would like to borrow it).on Thursday? Tl give you everything on
Thursday. (Ya. Mh what else is there ......) {A question was asked which
was not xecorded} I tried to spread it out but sometimes I get the responss
that T don't know and no matter how long I wait i know I'm not going to get
an answer, (Ok) That has happened with std 6As, you just get a blank stare
and it goes on and on. And if you for an agswer snd you try and prompt
they seem to gat upset. Erm I'm trying to think, er especially with some of
the kids iz 6A they are = slower class. And because of the pressurez of the
peers sxord as well, they seem to laugh st them GE they give an anawer)
or they don’t give an answer or ya. If they don’t give an answer they get
upset the longer you wait hecanse everybody elss gots anxlous us well (Mh)
And to try and avoid that and to move the leseon up as well because you
naver finish (y=). Well the knowledge sleo sometimes of er you know er
what the problem arsas are and things like that as well.

So you are not sure whether you are going to be teaching next year oz not?
Well I'm going to apply ..., yaI guess I'il be teaching but I eventually want
to get into envirogment sdueation. I fhink P'm a bit hasty in wantiog to get
into it quickly I reslise I have to taking step by step. There is no way I-can
get into it immediately I need the education and X need the: confidence and
so forth, but teaching iz a step towards that. We can start spvironmentsl
education it sckool where it ja needed and things like that. 8o yes. (So you
er) So er-I'll be teaching, "Il be going back home in the Northemm
Transyaal, I'll have fo go back home and do my teaching thore,

Going back to the place where yon wifl be furthering your interest (Yes) in
environmental studies (Yes most definitely,) Thank you very much,

Ferrisl Interview 3:
Date; 25/10/1994,
Vepne: 17th Floor University corner

.Wemetin.roomillAinﬁechomiﬁyhuilding and moved to the paiversity cornsr .

because it's more peacefil there, On the way we talked about & number of things
inrluding the reasons for the sumber of interviews I have with ssch of the stadents.
Imhaitnpereoordmgsarecontmedba!ow
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veeieas Y that's bmcallywhywuhavotb.ewhvomteﬂlm {mm) fo see if
theys has been any change {change} ya that's why we have these two
jnterviews. Ideally the first one should have been at the beginning of the
year befors yor actually read the stuff (.....) before you dealt with the
course but since we start at about the same ime one gets focused the first
quarter or third of the year (va) I had fo (ya). So once again thank you for
coming {you'rs welcome) ys. Like I said I hope it doesn't take long but it
all depends on how much we say you know as we-we proceed with the
[pause] I want to csll it a discussion (ya ys) mm (ok). 8o er I wiil not ask.
you guestions atiout yourself becange I don't think any of that will change

“(Yaldon't....., the same) ya they'd it would atill be the same . Just let me

¢ Now yon're more logt than you wers beforc) Is that Liow you feel? € No
I don't supnose ... the course is .... you know wha-wha-what do 1 do now
finding a jeb) Well I thought you-yon were settled for that ons, you're going
back home {mh) probably you'll start teaching there before you sctually go

~ into your {my environment education) environment education.

Br well there isn't a-a high school, an enpiish medium school at

" Portgieteruis which is a bit of a problem, (o, high school?) Ya there lmn’t
_ any English medinm kigh school and what h-what hax happened recently is

that there are English speaking whits people in Portgietetsruis, but who have
Bad to travel to Pietersburg orm (That’s what you have to do?) Ya that's
what I ad to. do becimse there is no Epglish medium school. T mean evea if
there were even if there waen't & whife city girl.(0K) Ok. Now what fasy
want to do is make this school which is legitimately Afrilcaans whers theze
oan exist. I mean if they have English speaking students in the school they
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cant make it strictly Afcikaans. Sp what they want tc do is load off-dread off
... those English speaking people. _
Ok are you saying that there were Aftikaans (There are Afrikeans) English
I meax: Afrikaans speaking schools _

Yes there are only Afrikaane medium schools with English speaking pupils.
So whet they want to do is pet xid of these English spesking pupils eo that
they can strictly become legitimately, lepally Afrikaans medinm school
(And you can’t teach theoo either) And I can’t {each there either.

‘What about the other so called black schools {ya) are there any there?
§t's not in English ag well (AL well. ) There’s teacher’s Training College but
I doi’t know if I can get in there. I'm going to apply and see what happens.
Vell there's Pietersburg which I kaven't applied #s yet but I'll try, (Ok. X
wish all the best) Thavks (At first it’s quite difficuit to get into ity Mh (I
suppose soms of ns were .ucky because we just knew that once T finisk my
degteeﬂ:ego\‘ernmentm’lltakecareufmegmngtoschmlhhmh)ln
Swaziland? (Ya)

Basically there are no formal applications though you do siga some forme
that's all (mm. Ok) Ya Ok. So the first set of questions as you see there will
be on science and teaching (and teaching) ya. So J would like to get your
understanding on some of the things there. For instance the first cne is what
is your understanding »of the word science? That is what does it mezen to
you? What does sciesce mesan to you?

‘Weli science encompasses um a lo} of things as would be-xs 2 lay person
befors 1 would have thnught of it as strictly dealing with science and
chemistry and inventing things and theories you know and hypotheses and
stuff iike that. But it encompasses a whole Ioi of things um socizily
politically, economically as well. Talking =trictly of sciencve as we know it
in-in-in teaching. I think it’s = lot of things it involves a lot of skills a lof of
thinking nm a lof of you know sl the cogsitive affective and psy.aemotor
skills, and er it’s something that’s ever changing it’s always changing (mm)
Upn §*’s just something that helps to define the world and describe the world
around us (ck) to make sense of what is going on. {(mm Ok).

And then soientific keowledge? Yscientific knowledge?) What do you think
is meant BY scientific knowledge?
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{Long panee] Scientific koowledge is someons who bas a broad um
knowledge sbout science science like science the topic, the smbject science
(ya) But again any kind of research any kind of knowledge wheiher it
strictly science or say in thix field say sccial anihropology T would think it's
some kind of scientific knowledge Gnh, Now how de yon think er this) this
knowledge hae been produced? (has been produced?) Well its by our
cbsarvations, by our theorising by our um er doing you know sxperiment
and prastical activiiee (mh ) over the years accumulating these and going
further progrese and a0. forth. (ok).

1 think we can skip the third question. Lets look at the fourth one. What
teaching steatepies would yon consider to be mor2 effective for teaching
scienice to secondary atudents?
[Shsreadugmn]%attembmgmwgmerwouldyoumdarmbemm

. effective for science teaching o secondary smdents? Er weil I dos’t knowr,

We are talking about 8 new Sontli Africa and different schooling system,
Um I may nm ialk of stretegies that I may have read in books by they-I
don’t believe we can just take them out and plug into a Senth African

. situation, I think we are dealing with you know ideal classrooms and & zew-

whole new situetion um where differsnt and varied strategies and mixtures
of these need to be considered. we need to consider um nim eocial yonlnow

* social backgrounds and staff Jike tha you know in order to implement some
. kind of er strategy but I don’t tkink any one is er-can be proposed as io be -

a8 the idesl way. I'm not so sure how to-on how to deal with this you know
in the pew South African setting. But I do believe that stratepiss that
incorporate pupile doing thuir own thinking their own experimaating (mh)
and bringing all domaing to be effective um in dealing more with science
and technology and stuff like that, You know from pupils you don't know
what they are are exposed %0 from their background developing science on
that socially constructed knowledpe or nomething like that, (So bringing ail
these or ) ya I mean there's a lot more to: consider in the classroom. (Ya.
Ok)

Now what do you think of the suggestion that er many students develop their
own thengies to sxplain nature and sometimes you find that these can be-axe
substantially different from the-the so called scientific theories?

AT T F IS — Ny

S



Ya. I think-yes students do. I have-it come with-er to explain patire it can
come from er culturat backgrounds (mm) vm religion and staff like thet um
can have a bearing on what pop-what how pupils explain certain things er
and sometimes these can be subst-yes ... are differeat from eo called
scier afic theories. {So yon do agree that students do develop) yes (theories)
yes for our npbringing background what we perceive on our own as well
(mm Would you bave any idea what canses them to he differont from the
scientific theories?) Weil er when-when we bagin-T mean when we'se born-
when we-we-v/2 commuaicate with our parents #ith our environment with
our society {mh} and we - it could stem from what we get in from that
sarroundings you know what we develop ourselves. {(Any idea on how they
differ from the scientific theories?) How they differ? (How they may differ?)
How they may differ? {mh what differences conld there ¥} [Panse] I don't
understad.s, (o what way)ln what waye do they differ? do they differ ya?)
Well sometimes something can be imposed on you, vou see for example
your eufture may ssy you know concenpt say heat may be expiained by your
culinre and this is completely different from what scientific theory has abont
the concept of heat (Ok).

U Let's-How would you cnnmder students own theories when teaching?
Maybe you could start from how you did if yon did consider them during
your teaching practice, Did you take them into account?

I think we need to know considering that we are dealing with the cult-with
classroom thst iz multicultural (Mm) We need to consider what pugpils own
conceptions are of certain things are (mm) erm from their social - from their
stetements fhat stem from their social background. We have to construct
knowledge from there (mh) so we do need *o take ther into congideration.
{Were you able to do that at P.7 } Bring erm Well I must admit that I didn’t
pay much attention to that, When I taught things such as radiation, such as
convection and corrents and stuff like that, I tanght it to them but I never
stopped, I thivk I fuiled greatly in not vm you know addressing that and
asking what they actoaily thought it was.

What do you think the problem was for you to do that (Why) To be sble to
addra&snrtolookmtowhathndofmmcomepuons the stud.ats had? (Why
I didn’t?) Ya.
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Er 1 just wanted o get through the work erm fhat was basically it. Bt 1

know now I should have er sat down and seen maybs by way of probing,

" you know spesking to them or even gaestioning and sesing what their own

concepis are, Well it’s pot strictly for er multicultnrat backpround or-or for
a new seiting, but also for any clazs I thiok it would be good to get pupil’s
own coneeptions befure youbeglnmolessonmd!henlrymd consiruot from
there. (ok}

You' vehadmmaexpmemanfﬁaaching.hmquemonquu&on?lwonm
ke you to briefly describe you theory of how teaching occurs. (Of how
learning occurs?) of how teaching occurs

+ We going to get a new Vygotsky here and Piaget Erm well in & iot of
group work and a lot of teaching, a lot of Icarning happens in group work
(mm) I noticed that a lot of kids communicate with each nther disc-discuss
with each other and er » lot of learning happens there um it needs to be
more pupil centred and whers pupils do much of their swn thinking more

- of their own work, (mm)esd Pm sur-I believe that is when learning Teaily

happens (ok} and er papila are actively involved. (Mh). As far a8 tescing
is concerned nm with science I believe there are certain facts and stuff thet
needs to get throngh, Put T think we should be teking more er-er facilitator
role (okj Um ok we can give students some facts, ok, but dealing with

- problems and stoff Jike that in order top see hew these things acialiy work
(wh) they shonld indeed do it themselves, or discover it for themselves I -

think that’s the best learning. And the best learning is when they do it

" together in a group. Azd the whole setting of the classroom er we should

like you know the conterit should be what should be learned for the year
thonld be decided by the teacher and the pupil. And we should er I was
thinking erm like in modules, do certain modules and then I give them the

. facts that they need to know for two weeks. together should diecuss the

problems that X handed out to them coms up with solutions, thet kind .of
thing. Dealing with theories of the concepts that will we've given them. I
think that’s effective becanse they're applying them, learning about them and
solving problems with them, I think that’s effective learning. Where they
actually do-they netusily mimic what is actually done out of schiool. (Do yon
have any theory of how teaching occurs?) How teaching occurs™ (Mh. You




have focused on) learning (learning) I tend to do thet because I believe.I
don’t realiy like the word teacher ot teaching. I believe it iz fearning that
happens. I learn and they learn at the same time {znk). Um it’s just that I'm
facilitator role their learning so it’s more of facilitating thag teacher, (%0 you
gee your role as that of a facilitator?} Ya. Y hope to but I don't know if I've
been effective in that, Brm (what's younr problem with teaching or teacher?)
With teacher? (mb} Iz that yon always need to erm-well looking back on
how I experienced as far 28 teacher was zoncerned, Tt was very stifling. We
had to get word-wo you know --- flrongh the syllabus through the year.
‘There wasn’t much-I've forgotten everything. There wasn't much I had
learnt. Even if it waz scisnce-even if it was basically about filling in a form
outside of school those things weren't learned you know. Thingg that were
1..... things ontside of school {(Would you consider those feachers to have
been teaching?) Teaching? (Ya, To have been teaching you even though you
didn’t learn? Or you have forgottens what you _) well now you're looking-
I'm looking & it from a different angle now. I they were teaching erm |
don’t think Pve leamed anything. Er then their teaching wasn't effective
(Aha) [Pausej Maybe I have to define clearly what teaching is-it can be put
in many differes’ ways (I8 if). Um when yon thinks of teaching you think
of it as the ueual ... the teacher comes up gives you certain things and
¥ou've got to do it in the way that you are tanght to dc certain things. Er
that's looking at it in one way. And then you look at it from the learning-
jearner perspective you think of some answers as teaching har-hasn't been
offective (Mh) When you think of it if I haven't learned anything then
teaching hesn’t been effective. Teaching may be also being pure facilitator
(mh) That may be teaching, (So there could be teaching without learning?)
There could be teaching withont learning? (mm) ¥a fike - .. sound like I'm
a bit canfused pow [both laugh] (Maybe now that you are confused you’il
start thinking about it.) Ya, (and figuring out which is which) Ya. [panse]
{Ok we could go on. we can go on fortunately there are no right angwers or
right-wrong answers here. I'm just trying to find out what ideas you have

sbout these things. ) Well there seems to be stipma atiached with teacher

teaching taught, ya those kinde of terms, Like yon wanna be a teacher and
er that kind of thing. I-] or and Jook at # sad thercfore you have an image
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of-or a definitien that teaching that well isn’t good or teachers isn't good
{laughing} or teaching {ok) Isn't good. But if you define as-as parting with
knowledge and piving someone else knowledge {mh) or the abiiity to do
something for himself then teaching is good if it's done in that way (ya) you
know. Ya.

I think that is fine I think e can look at the next one the next of questions
here [turning over the page of the schedule]. So these are actually instances
and non-instances of science feaching. So you have to decide which (is
teacniog) illustrates ya, which is science teaching, that's why I think I've
underline science teaching (ya) thare becanss I'm interested in that one (...}
Ya science teaching., And fhen whatever answer you give as yes or mo, 1
would like you to give reasons why you say teaching is teking place or a0t
ok. Um [clears throat] We have a teacher handing out (crystals) ok in a std
6 class and then asks the class whit they can tell him sbout the crystals
passed aronnd the-the (class) yes.

Ok I wonid have done this maybe differently. What I would have begun
before handing out the crystal asked students what are crystals ok and then
got what they thiak bout it (ahs) and then possibly get hand out these and
usk “are these crystals?" (ok) ok and than see what er what they can tsil me

sbout fheir strugtare, what they Jook like the form eto, (Now in this

pacticulsr instance woutd you consider scisnce teaching to be. taking placs
or not?) [pause] Well basically what is happening is that they're told it"s-it"s

crystals (mh) and all they are doing is basically describing form and

siructare whick can be done in any way I can describe anything see. I (Mh)
Maybe not not as effectively but yon have a sense of it. Er maybe it's
inoreasing their descriptive skills [peuse] Yes and 10 I don’t know [laughter]
now I don’t know (You can't really decide which is whick) mm mm. Well
if it’s on the topic of crystals at least you could have started - big you know
the lescon differently (Mb) So in that case I don’t thnk she was every
effective. But er can you tell me about passed around the class I think it’s
a good way of getiing people to to talk and describs (mh) [pause] so yes and
no {(t's somewhere in between) ya. (ok). :

Now let's leok at the next one. A stodent watching TV at home (mh) ona

programme of chemical plants produces from coal-plast-chemical plants
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producing plastics from coal [F clears throat] Do you think science teaching
iu taking place here?

Well the pupil is learning somuthmg hopefully. He'’s watchmg something,
he's hearing it and he’s visually secing it. I'm sure if he’s interested he’s
sitting et home walching & program on chemicel plants erm that he's
learning something. If not in the tree scientific form of things maybe just er

“well in fheg= programme you're watching TV on how bottles are made or

something (mm) but yes he’s learnsd something about a process (ye) So I
think ya some tea-learning has happened. As far as science teaching erm
[langhs] sgain Victoria you've got me. Science teaching is happening erm
[pause] no I don’t think it’s effoctive teaching slone a8 & programine, It
needs to be backed up before and afler the programme. (So what you. are

saying is that science teaching is taking place but it is insufficient?) Ya Gt's

inadequate) Ya-ya (0k) ... he's probably learning something, he's being told
things . »’s learning somiething. But a8 far as science is coneemed [ think it
needs to be backed up. (0Ok).

. Then we've got those students in the library working on problems. |
. [Reading] Two std 8 students iv a Iibrary working on a set of

vapour presmire problems from the chemistry textbook given for
homework.

Ya I think learning is taking piace here. They are working in a pair
er they’se doing problems and I think it"s only with problems you
know that you get to Jearn better. Erm and if the problems are of
a type-well if they are from the textbook erm well 1 hope they are
of a type which, is linked to everyday thex I think it's more forceful
(mm} Bot I do believe learniug is taking place here and it seems
effective, yi. .. (Teachiug? Any science teaching taking place?)
[pause] Ya pupils are t-being tamght to work together as a pair (i
this particular sitvation, they are ir the library ) ya (they’re
working is science teaching teking place?) [pavse] Science
teaching? (Ya, whils they are working on those probloms) Well
they’re teaching themeelves. (Ok. So science waching ie taking
place?) Yes. (Right).

Brm we have s university lectucer [F taughs, both laugh] you remember this

I

one? lecturing (on molecular orbital theory to & small group of grads ones)

Do you think science teaching is taking place there?

No ! don’t think so, Hr I dont understand it and I'm not in grade one. Erm
[pavse] on molecuiar orbital theory, it depend at what level he's teaching
molecalar orbital theory. I don’t know if he can tdke it down to grade one
Jevel but I do believe in the bit-in the when Piagetian: themes that erv you

- know there are mtages of development and I dos’t think grade ones are

gonna take any of this in (Mh}. I don’t believe any science teaching is taking

~ place ifhe is - he or she is lecturing on molecular oxbital theory at the level

we know-we are supposed to know it, to a small group of grads ones. No,
he’s just probably confusing them. Mo teaching is ta-nothing is dons here
and nothing effectivs i done here and I don't think the kids are learning
anything, And F don't think any effective tesching is happening hers, (Ok.
This ie a classical one) [both laugh].

Ok lets look at the fiilh one now. Teacher questioning an student's
statement. A teacher reads a std 8 chemistry student’s statement that “ideal
gases have po voleme" and asks "were you seferring to the ges particles or
the gas a5 a whole"? Do you think science teaching is {aking place herel

[Paure} Yes sam it’s making the pupil aware of the statement he’s-he’s-he’s
put down "ideal gases have no volume”. He has to define now whother it
was the specific parlicles thar he was tslking about fo or the gas as the
whole. (ya) Ya s0 yes the pupil is-is um is learning semething and ke’s got
to think furthes than what he's just put down and Jook at variosus-you know
he’s got to make definite what he's talking about and the teacher is probing
further, Um po yer erm there is wmn {pause] tesching in the sanss that
learning is happenicg yes. {0k so you are assuming that leatning is taking
place?) Ya. {in this situation) Yes.

Now we’ve got a teacher aeking students to label a diageram at the end of
a demonstration on electrolysis of water ok. [pause] _

esee Um Well erm I don’t seo the use of this bt er -erm yes if indeed if the
teacher belicves that erm these spperatus whotever that are used in
slectrolysis are important to keow then yom know then yes it may be
eoffective (Science teaching?) Er Science teaching [pansa] ya you gof to know
the thingg {mh) and yon got to know what the atuff ace and there's no two
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ways sbout that (ya). So I believe yes in the method labelling the appatatus
ueed in the experiment from memory (mh). Maybe she could have used the
things and specifically shown them what its things are and asked them what
it was (Ya it ix at the end of a demonstration) OK (It ssys teacher at the end
of & demonsteation) So the needn’t have er-if she was going to get it from
every pupil then yes but there was demonstration to refer to 1 think ya-ya
(stience teaching) so they-so they have learn whet the things are (and
science teaching is taking place? [pause] ya ok ya, {Ok).

Can we go on to the next ome. {0k} Um we have a student asking a
question. A junior secondary student in class watching an experiment on the
electrolysis of water which has been geing for some time asks the teacher
* do you think you’ve ot all the oxygen out there already. Do you think
science teaching je taking place here? (Um) Student watching ... =a
demonstration which has been going on for some time and then asks the
question, _

‘Well um they’re watching an expeciment (ya) tst’s purely &
demonstration. They eculd have done it themselves and then tested

for oxygen themselves (nsh) that would have been more effective

(ok) OK. T mean Do you think you've got all the oxypen out of

there slready I would have thrown the question back: to the pupil.

What do you think er {mm) snd possibly the teacher could have

eaid anything and-and the pupil could hava taken that for plamp

(some interruption from MSe stndents who shonld be having a
discussion here) .

Ya we've done number 7. Ok. (Mmm) Studsnt beking. Student at home
following a recipe for baking & fruit cake, Do you think science teaching is
taking place there. '

No. He's just basically following a recipe. Thsat is basically carrying out
instruction. He doesn’t know why he’s using or she uses a ceslain ingredient
or what one does 10 each other or how the whole thing becomez a cake in
the end. I don’t think any teaching has happened here, he hasn't jeamned
anything s0 it’s following iustructions and the end with a lovely fruiteaice,
{So xneither teaching nor learning i taking place her?) mh-mh No. (Did youn
want to say somsthing about those?) No I'm just thioking about teaching and
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learning, We-we it's only in whea we're doing it practically that we realize

‘what works for ug and what doesn’t work. (Eh) And what I think my

concepts of teaching may be different to what others believe and may not
even go according to the books but if [another interruption by an MSe
student.] (Sorry sbout that interruption.) It’s alright. Ii%s just that yon know-
you're yon find your own niche when you speak about what works and what
doesn’t work (YA) about teaching and learning. (I supposs that's true).
Ok. Letus look st the teaching tasks. Br I remember last time you

hadn't liad any sxperience {mh-mh) whatsoever with theze {ys) I'm

sure your views have changed (they have) .. other ime and maybe

some kave and others have not. Ok, (I ..,. sometimes relate it to
teaching ... each aspect ... think how important it is to know how

" to do it well important Mm, So would yon-what do you think

sbout controlling the cless? Do you think it’s very important or

‘Yes controlling the classroom in important, Erm I'm. not talkieg
shout strict disciplineering you know (ya) But having some kind of
control over the class where erm theg-there may ba noise. Um
maybe control a3 well {ys) yon know er in-ia & way that things get
done where-where teaching and learning are able to nm happen, So
you need 10 have some contrel over the classyoom Yes. So I think
it is importent. So in this scafe of crucial, important a5d desirable,
1 think it is importapt. (OK). I think it is important, (And your
present competence?) In controlling the ¢lassroom? (Yes). Well
erm there were days when I felt that my control was good and
there were others as well where it was not no good, (Mh) But er
if differs from day to day. I think P'm getting there and in
organising myself also in the classroom 20 ya I think I'm getting
to-a point where-where I feel I'm more or Jess in control. But I
can’t deseribe exactly where-when it will be, what it is, but if yon
know there was & point where I felt I was more in control of the
classroom, the elassroom is more in control of themselves aud yes
it is' conducive to the tzaching (Mh. So you do think it is the role

‘of the teacher to maintain eoatro} in the class), Um T would say

that I wonld have said it before that it’s half and helf, you meet
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halfway. I beliove that kids now don’t really care sbout controlling
themselves er {mh) so it becomes  duty of the teacher, and I she

should do it she shonld do it in a way that wm well is acceptsble to

both, conducive, It's more the role of the teacher. Yeu. :

Now the task of monitering students’ progress. '

I think that's crucial. (Ya). I think it's- it's vital because then you know that
something is learnt or not. How it is done or when it is done to what extent
it is done etc, that 'm not s¢ sure about ... if a test iz adequate in

mogitoring er students’ progress, Um I believe more-more problems and -

modules. of problems are more an assessment of students’ progress in-to
baving them write tests. A variety of these can sct as monitors. () I think it's
important it's crucial {ok) that um-nm stndents are monitored, (Mh) In
various ways. {And your competence?) In monitoring studenis” propress? All
I really did more of the time was where they’d re-what they had to say
things to me I had done before to see if they had really Jearned something.
You see we had test. We even had kitle crosswords in-in biology where
they had to recsll you know. So I could see to an extent-I even hed a chat
with the pupils, not all of them but a few in ...... {So in other wards during
your issching practice you did try to make altempts } to see how much
they've learned, how far they are progressing (ok) _
Aad then selecting materials to be Jearned

Well I think it’s import-ya I think it's important to select the materisls for
the stndenta slthongh some of the things are not necessary (mh) are totally
aver the top, I don't think they should be um learnt. 8o I think selection
should bes made on the basis of what the studente know and on the
background where they’re coming from what is important to them. Sort of
& survey of what they thing is important. Aleo ... what you-you-you regard
as important fot thein. That er ya selection of materials to-be learned shouid
be, ya that's imporiant foo to select material, (Ok. how-how competent are
you in that with the little bit of teaching practice that yon had?) Er well er
you need to get through the syllabus and msee the things thet need to be
tanght becance I mean they*re going to write an exam and they're gonna be
tested on it (ves) Um but there are -um: you know there are certain things
that ave emphasised with.with as far s biology was concerned I did more
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emphasised the affective domain was emphasised, Um I atill don’t know-1
mean I dor’t=I"m not knowledgeabls with the material an-and what's out
thers (mb) what pupils know what kind of (... in the task of welecting
materials Jmh (to be learned, you may not know the materisl now, but you
may feel that put in the situation again you wounld be in a position to select
appropriate materisls to be learned in the class). I can soy that well I f-what

- T think is mors or less important {ya) you know. But T don't know if they

are indeed materials but thes again I thiok it depand on the stndeat and what
their needs sre as well and their outside needs to (ya) to meks & selection,
(ok). _

Now perving the students as a source of knowledge and skiil.

Like I said I lways like to play the facilitator (ya). Um so um [she rereads]

‘Well I have 2 certain amonnt of kaowledge over them end maybe-maybe
practical skills that I've learned over them. Erm or 1 believe yas I maybe
a source (mi) in-in<in soms in  them wanting firther informatioe of
Ynowledge and akill (mh) But I sex myself as a persox for - to whom they’ll

come when they do epcounter 2 problerm or they can't get any further with:

what they are busy with. (Mm) Soum yes 2 source of knowledge and wkili
but ot the [stress]. scurce, (oh ok. ... S0 how would you rats it? } Well it's«
it's an important soarce as well. (It’s important to be a source?y Yes, (But

. not "he” source?) No. Not the source. (Ok) The only source. (Ok). (Er

have we answered the) competen:es in the task (competence) in the task (Mh)
Of being a source? Weil I-I find those times when I would angwer and I
would feel ye I know {laughing] and er but I think I need to develop that as

* well in my knowledge and skill and I thiok it will come over time. But I

erm the probiem arises when you see things mors cleacly and you try and

transfer that source of knowledge when they try and extract it from you,

when you give it to thern from what you know fromn what your mind says
believing aat you understand it the say way thst yon see things the same
way. (mm) Aud that serves a bit of a problem yon know when you transfer
that .. in e transference of that knowledge and skitl, you know doing it in
a way that students do understand, Ya um well my competence Is not as
well as ,,.be, Or .. I may have the knowledge and skill but my transference
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I believe is more important. {OK).
Now adapting material (chosen to the level of the students) Yes.
1 tuink that is importent as well. (mm) Importent [pause] important not

" cruciat important that-yes we can adept things to the level of the students hut

1 beliove it’s important, it’s very important because they have to get some
kind of wnderstanding and some kind of hope they'll formulate their own
pleturen in nnderstanding it. But erm not to the extent where we don’t give
them the truth or the real thing so (Mm) Is it you koow knowledge as it
stands but um T think it's important to-fo adapt it 1o their lavel so that you
know its a stage of upderstanding (mm), You know we can go further from
there, 1t’s the way I have learnpd using analogies and bringing things down,
1t how we learn it’s how we read & book or pictures (ok) and images. (But
it shouldn’t be at the expense of truth) of the-ya of (I mean the truth and
both .....) Ya. (ya) .... They should be made aware of those things even
though you're aot teaching it or telling it to them (ya) they should be made
awaré of it. (OK)} Jostructing stadents on the demands and procedores of
learning. (Mm) [Panse] Are you prescribing the learning process? [Panse]
Well-well you can’t strictly you know demand that students or pupil learn
in a certain way (mh. But anyway that demands and procedures I think it's
what is demanded from them by their learning process.} Like what they are
going o give me back like iu a test for example

Ya what rola-what is their role in the learning process? basically. I think that

- is what this question is =i sbout, instrncting etndents on the demands and

procedures of learning in & way preparing them for the task that they are
going to face during the course of the year.

[Pause] Ya er (What is expected of them) Ya well sure encugh they should
be told what is expected of them and I think that'a crucial (mm) I think
that’s very import-crucial that they should be told what is expected of them.
Yes butum [panse] then apain this is er-it depends on the teacher (mm) what
Tie oz she sees as important to leatning and which way he’s geing to corduct
it the learning you know, guide the learning process (yes} Umn jpanse] well
it like for example if-if -1 was a dieciplinarian and said you've got to learn
this and this and this and thiz iz what you got to know st the end of this
year. People you know this ix now you're going to learn it and you do as [

tell you. Well I'm not kesn on that but I do belisve that people should know
that you keow this is what we are aiming for (m} ezm yon know-er this is
how it standg and er but in the interim they*ve got to construct all of that to
coms 12 the point ya ((So you feel that you have to meet them halfway-take
them-) ya (halfway ) mh (or a quaster: way) ya (and then they have to make
their own) Mk. (so you feel that is important Ok). Constructing experience
for the student to interact with the content. Yes. I think that's-that’s very
important. It um I mean that pupils experiepcing becamse it's only ...
experiencing that the pupils learn and the intersctions that they actually
learn. 3¢ ves erm there should be construction of content with a lot of
experiegce (mh) Ithink that’s very important, {Ok, And your competence?)
Competence? Well 1 tried a Jot of practical work erm where and er group
work where they had fo come and tell me things and interact with the groups
and consolidate some stuff, there was g lot of interaction um and er not alf
the way, I don't think P'm competent in the task of constructing experience
1 think I'm still learning about that (k). I ya. (Mh)

Ok, Um a question that T would also like to sk you which is not there.
‘What is yoor genersl opinion of the weay things have happened? (The HDE
over the year?) YA the HDE or

Well-well on practical teaching I found that there were things that

were nseful but on the overall I guens being there is & whole new

com-i8 a whole new cup of tes compared to the HDE course (M),

Um there were certain things that wers nseful like for example
some mini lessons like in biology that were very useful, They had
emphasis on group work and encouraging kills and practical work

that was very useful. Er-er-but there seemed to be Iack like I fike

1 can understand, the right suswe-of the right answers the way to to

do things. You know I mean um if-for example the chemical
bonding I feel ¥ have been totally dismantled. T had a picteres of
chemical bonding and what chemical bonds are, totally dismantled

it's not all been put together, You know I think thut’s ons really -
serious problem thit needs to be addressed with the HDE, (mh)

The rates and the one brought me back down agaln. Erm that’s &

serious problem. [ um what slse and then there is a statement that
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I hope the HDE wasn't one of tips sometimes I believs it could
have been it sh-it wasn't but it um it wasa't I hope it was-I hope
it was um becangs sometimes ] wish they could have told us a little
more of how to do things or to go about and with stuff iike that.
So if it wasn't tips then what it is was [another interruption] (Sorxy
shout that) Pve gotten used to that. (It was the last one. So yon
were talking about the problems you sxperienced) in the HIDE (and
limitations) I think ya well the thing is as far as scierics is
coacerned we could have had a bit more of mini lesson on how to
do certain Jessont ot how to do skills work , how to do like for
example graphing ekill, how to teach certain things, how to even
teach chemical bonding could have hed a constructive, you know
demonstcations on how to do those things and get us involved iz
those things. I think those would have been more ueeful. For
éxampls take problem areas in schiools and the syliabus, not all of
it but problem areas and general consensus and then do Iessons on
these here bging out the misconceptions erm what the current
things are shout them and then deing a lesson on them (mam). I
think it could have been totally constrictive during the yesr.

Addressing thinps like that, teaching and learning is important, -

" svaluation is imporiant doing these lessons is important. Um a-a lot
more emphasis on, the new science and what-the way science iu
going in the new South Africa, I think that was iacking. | mean we
are dealing with dile.:mas whick "~ which I think not Martha just
bringing the issues wach ve mo., know for the dizcussion or as
such and no answeis wew ; *wnpose there aren't real answers bat
you kunow certain view w..'is and things like thet. Making us
awsre of these things and I think it's been totally isolated from
what teaching is gonna b= rext year, We have been made aware
that it's gonna be different, but-but iow to what extent you know
{mm), { thick that should have been addressed more ya, those
things. An-mow we did cors science today. And there were
stadents who were brought in from Parktown Girls and other girls
schools. They talked about teaching and stuff like that, they
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_ brought ont their documents they talked abont yon know abut their

. teaching experience their first year teaching experience basically.
. But I don’t mean to be racist in any way but here I sat at the back,

thers was only two Indian there in the class and they talked about
TED and sverybody chatted aod laughed about the TiED and thes
they you %now teacher’s mestings and waff like that which we
were totally excluded from (Mh) as teach... I'm not a teacher but
T know they weren't and 1 felt you know we could have had people
from-from DET and different teaching organisations erm or
departments to reiate their stories as well their triumphs and
tribulations as well. And I think -t¢ make us more aware of where
teaching has been the last few years and where it is going to as
well. (Ok) All we've heard is the TED, (So you feel that it was
biased in some way and wome of you were Jafi onf) Ya (and I
suppose if Dominic was there and Patrick was there they would
have felt Jeft oat) Most & _itely (... ... Anything else?) There’s
something T thought of last week [laughing] but I have forgotten.
‘Was it the mini-lessops ya ('l tell you what if you do remember
just jot it down} I'll do in my sleep (just jot it down ....... Is that
a limitation or a good point? it may have been just the mini lessons

. becanse 1 know that was one of those, It could have besn just that

(0K 1 think like-ym know it should be broad as well but algo
specific you know to a large depres in the mini-lessons you kaow
demonstration of mini-lessons and things like that ... '

[With, a sigh of relief] Thanks again. (That's it ) Ya. That was the last,
(You shouldn’t .....) Thanks. (Yon're welcome Victoriz. ) Thope Ihaven't-]
hape ¥ haven't taken a lot of your time (No you haven’t, Ya well I wasn't
in the meod of studying, ’'m not in the mood, I'm sever in the mood of .
studying. ) But one thing I'm grateful about is that you in the process yon
learned something I have) it wasn't a teaching learning thing but ... (I have
.. most definitely I have sorted out a few things for myself. It mede sure I
kept things in mind whick I don’t really and you made me awsre of things
myseif by having to write them down (ya) which was you know required of
me, That was quite helpfol. ) And P'm grateful that you did taks it upon
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yourself to-io kesp a diary even thongh it wasn’t something that you have _
done in the past. (I never kept a diary also er but or I'm glad I did thackful _ - i
to you ) Ya thank ¢h . I hope when yor do your studies you will find people . : :
as co-operative as yon have been (I hope 50 )both lsugh] (Thanks) Ya. '
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APPENDIX 4: Fieldnotes for lesson observation
on chemical bonding

Fieldnotes for class discnsslon on chemical bonﬂmg

Date: Wednesday 22/06/1594
Time 08.00
Notations: «»« inaudible.

 Tcame early today. I was around by 8 O°clock. M1 and 4 EDE students were

precent, M6 came in at about 08.35, M1 showed her the storercom.

At the start of the ‘esson M1 introdnced the legson by refersing to a handout
she gave them yesterday. She we: 't on o count the students. 13 were present.
Ferrial and Mary were also present. Andrew was not yet present.

Mo was then introduced as ELecturer at Coflegs A (acbitrary), and that her
MSc. project was on chemical bonding and designed worksheets around

. chemical bonding with particular reference to the TED syliabug. Students were

also informed that the learning material in there tackles mi=conceptions and

M1 informed that what was happening this year was different from last year,
Before stndents were taken through with no thought of how to use the right

ideas in the secondary science classroom.

Mi:  From teaching practice (TP) people ignored what happenied in the
lectures, used notes and school textbooks, Others ignored syllabiis and
textbook ... Others grapple to bring right ideas and texs. .., want to
get studen’s ideas on how to cope in TP, In TP ....... [the students
are pivin zn awsignment. Mary sesmed to think it’s a small
assignmeit, stodents ermplain that they have had 9 assignments to
eubmii before they go on mid-year vacation].

The aim is to make students well equipped for the topic.

How many people are vanicking about trying 1o do this assigoment?

BB

Mé:  1see a gonvine anxisty. If you wers-well al to think of every bridge
you've sver seen, every bridge you've ever scen or pictures, If you
: ~ were going to build a bridge what material would you uge?
Ferrial: PVC [students Iaugh]
Mé:  PVC. Ok,
Charles: Concrete, and steel bats,
M6:  What bridges have you seen?

. [Stis continues soliciting ideas of the kinds of materials that are used to

construct bridges. Students give their input. The following materials are

mentipned: PVC, steel bara, stones, brick.

Chirles: The bridges in Venice are mede out of hncks, [M6: Stone)

the arches.... _

M6: Bridges in Britain are old, even sope ... that are made out of stone,
So in other words they have been worked in this stone which is cut
in an arch and iy .... for over 2000 years. What else?

Kate: ~ There is a rope with ...

M6: Ok, Cmyoubmldabndgeofplasuc?

Charlos: Maybe.

Mé: _...Whydoloﬂﬂnkmosemamﬂalshmbemchom whydown

have sc:1e debate sbout plastic? Would yon pack sand together to

make a bridge? Why ave there types of bridges which wouldn't .....

- Why are they not sble to-why don't they leat? Why don’t they ....

' etc. What ie it....

Charles: They are not strong enough. Theybmkmy

M6:  They are not strong enough, Why not?

Charles: They are made 13 of materiel; that break easily.

- Mi6s What in different sbout them: ﬂeel_ eonsrele, stone, wood, rope,

Brian: Strong bondmg,

M3:  The topio of thie wesk is bonding, ok, Strong bonding between What‘!

Brian: Between the atons. _

M6:  Alright. We are ghing 0 ... we set that eatirely, bot we golng to
explore materials and we are going to look at what is ... level that I
believe in std 6 and 7. The present state of the syllabus ... std 8 and
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Chiarles:
M6:.
Brian:
Kim:

3 (1

9, wa ate going to move very shortly in 10 mimuses to ,.... current std
7 -n.. compulsory education and I have never ... chemical bonding to
std &, Because what ig cssential in our lives and the materiat we ...
and the properties of those are very largely dependent on @ type
bonding and so if you want o meke sense at ali about materials ...
we've got ... and some of my whole ... that T developed 2 couple of
yeass ago is .... our next year or so and hopefully you would have a
hand jn adding to evaluating work chemical bonding? ‘What T would
like o see jg that a8 we enter the phase of education we've got o ....
something on chemical bonding, ..... It dossn’t deal with quantum
mechanics because the std 6 and 7 chiid is not jnterested. So it deals
with real practical aspect of chemicel bonding that affects t'.5 kind of
meterial hat .... helps them to defend them why we ... those
materials, But now M1 gaid something about the syllabus [that it was
fine but our interpretetion was wrengj. What X actuslly did was quite
an interesting exezcise ... I’had a look at the things that are .... I'm
hoping that by the end of the session we will be able to work within
the syitabua, Dox't worry that you havea't read .... Teachers have to

stand now ... certainiy I hope ... text. Ok. Mow I just want us to-

think for moment sbout ... the kind of materials ...... What other

properties would have an effect on the chemical bonding? Car you

think of other properties that are determined by the kinds ef bonding?
Pogsibly the ﬂem'bihty (MG Hlexibility) of the material,

In other words breaking. :

Meling point (Ma: Melting point)

Conductivity.

Conductivity and heat conductivity, What's determined by thebondmg

structure?

Density.

Density that's the pachng deiermined by bonding, What else?

Appearance,

Appearance. Ok. Then lugtre, what else?
Colour

Phase

M6:

 Phase, Yes, Solid Jiquid and gas will be determined by the chemical

bonds, We have Jooked et & few properties of matter and they all ink
to chemicsl bonding. Think sbout aspects of everyday lifs ... chooss
mbotancss on the basin of those propertion: Aensity, ... kinds of
washing powders that you w5, detergents, polar molecules 15 very
important. So the forces betwias the molocuies in a detergeat and the

dirt and the snaterial are very vexy importapt fasts ... So I could go

intc virally evecy single mrea. of hfe and you will find ...,
bonding.... So lets move straight to .... what we are going to do ia on
the pages-have you had-youn need to ses sages CF7 up to CB4, So we
ate going to do these 4 sxercises photocopind out of the packaps that
I have prepared for teachers which looks like this completely
unredsced, [Showing them photocopies which have been xeduced ...
workeheets with design used in the classroom end which have been,
used mccessfully by many teachers ..., Right we set out there

" stations, | think we've got § groups 2, 4, 6, 8, 10. So lete have 2 or

¥ people in each group. You will find a st of 7 test tubes.

IShe briofly goes through the worksheest, precantions and what to do, and then
gives the smcants time-20 minutes-to do the exorcise in their gtoups, Meantime
she moves to groups giving students pins to scratch with: was, copper, quartz,
sulphur, jedive aod calsite, She continues giving hints.]

Me:

“You don't need to answer all the guestions in writing. Ok. Se you

could just glance through what you need- #1 npame of substancs ...

Then;uetlnnkatnatfmceshetwunatoms...atthebagmningnf
test ..... Con just leave #3 and atart with £4. 1, 2 and 3 are to help
the children to be able to see that thers is a difference between
melting and burning, We want &t focus the idea ....., So if you start
with samples iz a test inbe and you fill in this tabl-, Use the pins to
bresk the substances. You can handls all the soucpntes except the
jodine. The jcdine is on a separate piece of Flter paper. So just tako
the iodine and pour into the test tabe. [Students break into groups and
start working. After abopt twenty mizutos she calls the students for
& discussion of their observation, She draws a teble on the board to
record observations] And altogether lota rup through our table. Ok.
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lets teke what .... simple molecule, Ok. Now std 8 or 9 sven 7 don't
Inow anything ahout what simple molecules could mean .... so they
deduced what is in this coloma from the investigation but this column.
written down e per instruction because they haven’t been exposed to
those terms. ok. Copper [pause] yes. (...) aetwork. Quartz, which are
little stones picked up from outside, strong, network. What doc we
have for sulptmr? Alright simple molecnles, Por simple moleoules ... ' R
Todine? ' : P
Ray:  Woeudk (she writes in table on the beard 2s shown in Table 1 below.)
M6:  Calcite. I chose calcite becauvee it js available in most laboratories. It
scems to be on the list of things that were supplied certainly in the
majority of echools that I think ..., But many out in rural areas in
Ss: Strong and network. _
M6:  'Was the.e another one? Is this all that you did?
Ss: Ya, .
Maeé: Ok. T hed iron as wel. The iron would obvionsly be strong and
network. Ok,
Substences | Breaks | Melts or Weak or strong | Simpie molecnles
_ apart sublimes { forces or network
Wax ) weak simplemb.lecuis'
Quastz ' strong network _ . B
n = - - . ] i
Sulpkur weak simple molecule )
Iodine weak sitapie molecule - o ,
Celcits strong, ' network " L
. : f
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Ray:

Now what we need to do then i8 1o say what do we mean by simpie
molecules, what do we mean by network molecules. So at this point
in teaching std 9s T would then go on to explain what I mean by that.
Now a simple and in fact in this hand out there is a definition of what
is & simple molecule and what is a network structare. I den’t think
you've got the handont which defines them. I want to write it down
... I think the best way to explain this in std 8 is to actually draw the
diagram, but I'll give you the definition first, It consists of unlimited
very large numbers of stoins joined In 3} dimensiops by sirong forces
which we call chemical bonds. [Allows students to copy down
dictated defigition then draws circles on the board] sné the overlap
of the circles represents a strong force and this would represent a
force of aftraction ... though 2 bond network ... So any of these
substances we have written down here then ... could be represented
Ty thie structure strong forces between. adjacent stoms in the piece of
the substance. .... like this where each of these represents an atom ...
represents *he strong forces and goex into 3 dimensions. So if you
took that little piece of copper between every single atom in that piece
of copper ... there are strong forces of holding them together. Now
what ahout a simple molecnle .... that. A zimple molecnle copsists of
gither [draws on the board] an explicit number of atoms joined by
chemicsl boads or an unlimited chain in one dimension of boaded
atoms [labels network diagram]. Whst does a simple molecnie look
like? It might be diatomie, it might be like sulphur which we kuow t3
havs 8 [draws and counts 8 overlapping circles atoms joined in a ring

‘structure. It might bs n chain sech as you get with polythene. Ok.
Any of the polymers are in one dimensionzl chain [deaws] So those

can zlsoe be simple molacular.

What sabout the differences betwren intramolecular and
intermolesalar-

Wait you are in std 9. At most you have never heard of (R: I know)
Ok. At the moment we haven't spcken of intramolecular asd
intermolecular yet. No, (R: but ....) We are coming fo it. Ok. ...
might explain why that one iz a simple molecule and why that one e
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_polythene
" Figure 1 Network and simple molecules

a netwoik molecule, Right ... let's say in your copper, quart, calcite, your
iron it joined to the atoms pext to them by a chemical bond, whereas in yong
simpie moteculiar structure you've got a fixed mmber and alf of tho.2 have
fixed numbsys: sulphor, iodine, wax, Wax is a mixtors of different-the candle
wax-of different oils but each of them have fixed rumbers. Ck. You could for
instance break up a pea like this {orange fine pen] and teke bits of that
polythers ... 25 an example of a simple molecular structure. Right within this
molecoie .... chemical bonds ... but in ons litfle piece <7 sulphur these are
many many molecules. You are able to take ... where you are breaking
chegsical bandx ... whers you are sctmally Greaking up this ring of 8 ... What
happens fhere's another molecule of sulpbur atoms next to it and another and
another asd agotker [Draws clustess of mtlphur molecnles of ¥ atoms] When

_ =ou break the miphur with & pin you #ve bresking the forces betweon the
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molecules. So you are not exerting a strong enough fores ... that's the reason

why you couldn't bresk amy substances because you could not exert a forcs
strong enosgh o overcome the chemical bonds wherean in simple mofecular

substances you not breakiag chemical bonds .... I've got & concept map up here
that gives youl an idea sbout different molecules

epese

of soiids mbstances
oanlbe_ _
Simpfe 2D ooty " Notwork
e A N
Small Macro . Examples,
1 \ molecules of
"
carbon diexide polythene graphite dinmond {(covalent)
sulphur asbestos {(MgCh)n  copper (metallic)
iodine . (SO sodxumehlonda Qonic)
with properties
such as
hck \oolon:less
soft hard
Jow density high density
electrical in=uiator
conductivity
chemicaily chemjcally

reactive inert

Ok. Now first of all the thinps that you dealt with were solids, ... and we will
come Back to that point in & momest, So we are only talking shout molecules

of substances that are in solid state, .. Simple molecules or 3 dimensionai

- g T e
. I .. I .. i Coo
molecules .. that’s an intermediats sheet ... wien yoi’re toaching it's better just

to have your exireme casés ..., so that's why I took just those two..So right
your simpie moleculs i# & group of molecules of dofinite aumber of atoms and
can be what we pometimes call inacromolecnle apd those are ons dimensional
chain ... If we were {¢ toke examples of those .... small molecules, remember
we ags talldag smonnt solid state, ... s0 you conld if you had sccess to it, use
dry ice, vou could nse dry jce vi something elss that sublimes apart from ice
... the chains of palythens, asbestos, snlphur trigxids, are just some of these
substances and the 3 dimension miatrix, notice that Pve epacifically teken three
exampies here. Three examples of.... traditionally tanght to represery what kind
of bonding? ... T've specifically chosen thoge examples not because I would
mention those three words ... just to demonsisate to you that all of those ...

ratwork. molecales. Right fook at those examples that you dealtwithcoppar,
calcite do al=o range ... Graphite is an example of two dimensionsl solid acé
g0 Ive just zut that in your information. I wouldn’i show that to my class
because it adds extra compiexity .. to show ... The two dimensional sheetn are
of graphite ... planar, Network structure .. planar ... so it's got ... it'sine
plane and it"s got reinforces in between them. Fve just written down that soms

of the differences between graphite and dismond .. yon probably know, for

instance pacticalarly the soft pert of the pencil, that.graphite is nezd 28 n

lubricant. Diamond js the highest in the scale as the hardest that we know of

in a substance ... That ... makes & difference in bonding, would cause that

property. ... density, conductivity, natural condugtivity ... rezult of the fact

that graphite iz just catbon. So the only difference is the way those carbon

atoms are joined together, [Panse] Ok. Now in my defirition here, what would

you say have I cailed 4 molecule? .., (Ss: ...) What is a molecule? Is this &

molecule jpointing at retwork structurs deawn on the board] ...

Kate: Part of a network.

M6:  Ok. Lets have a look at {Se: ....} Yes it's a network molecnle ...
nghtmmgomglogetadeﬁmlwnnfaformofamolwﬂe We

mgmngwcallthatnmolmﬂemdwemalmgamgmeaﬂﬂm:_

moleculs [labelling the drawings].
31: Anythiopg with more then one atom.
M6: Anythmgwxﬂlmmethanmmm.lfﬁimismﬂﬁngduﬁuﬂw
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52:

M6:

Kim:
Mé6:

Jims
Me:

that would say that thie is & molecule rather then the whole thing
{circling group of § atoms of snlphur ring].

Borid.

Atoms mmust be bonded together.

Ok, So it’s a group of chusters lets eny of more than one atom (Ray:
joined by chemica] bonds) joined by chemieat bond, Remember we
just cail that strong force called a chemical bond. Ok. So a molecnle
then is & cluster. Here's a really controversial one. What would you
#ay & chemical reaction is? [some silence]

Chemical reactions bresk and make chemical bonds.
Remember it ix & chemical bond, so lets fust call it a bond. Yaubmk
a bond right. Kim said that a chemical reaction is a process in which
you bresk or presumably meake chemical bonds, Do you agres? ... I
can see a few nods, wake up, Lets hear the rest..., If I take sodjum
chlotide salt and dissolve it in water. is that a chemical reaction? (....
) Pardon?

Ymbrmbondsmsodmmchionﬂemolecule.

Yes. You are saying thet sodinm chloride bonds will be broken up so
you say that you break bonds. Ok. You are right. Dissolving sodium
chloride ix a chemical reaction. Iwould say yes. Some people would
5BY 1O. .... M1 i ... clear because this has besn an area of some
contention. Dk. So you are not making a new substgnce ... On that
basis some people would say *No that’s not a chemical reaction” and
particularly when you’re teaching ... chemistry. If you don’t know
what a chemical reaction i no wonder many many people in echool
say "Well chemistry is a lot of incomprehensibje rules” ... they can't
see the ... Right. We would zay then that's a good definition ... If
a'bond is broken that means that if you dissolve a network solid, a
chemical resction takes place. In dissolving a molecnlar substance no
chemical reaction tekes place. What about when you mejt it? ... How
remember we said we are dealing with snbstapces in the solid state,
«» concept map what will happen? Lets take these first of all, what
will happen whea we melt 2 moleeale of milphw? Is it a chemical
reaction? Do I break a bond?

s e
L1

* Breaking bonds between the molecules.

In simple molecules we do not have bonds hetween the molecules. A
bond is the stronp force that hiolds the atoms together to make a
moleculs, Ok, So you know we are not bresking chemica! bonds
when you meit your sulphur. And when you meit the fodine you are
rrt bresking chemical bonds nor when you melt the wax. In sther
words that’s why it conld ... 2bout temperature in test tube over your

bune=n burner flame holding it there ... You ats sble to melt that .

substance because you did not need a whole lot of energy to melt it
«+» Decanso you did not need to break chemical bonds. Right. What
keppens when you mel: a network solid or substance? I'm sure yon've
ali seen gold being paured. By the way that’s a good example in the
¢lassroom ‘:2cause children have actually seen quits a lot of adverts
of gold being poured. So they know that you can melt gold. When
you melt gold do your bresk chemiesl bonds? Well you need lots of

_energy to melt gold ... So you do. You break up a network structare

to make this into a liquid, Right the ... out of their position, normally
they've been in a solid held into their position by strong forces into-in
3 dimensions. ... So yes when you melt a network structuge yon are

. bresking chemical bonds. You need lots of energy .... Right now as

Charles:

Me:

Ray:
MS:

yule of thumb, Qver 800°C high mielting point, generally indicates a
network structure. And up to 300°C for the melting point .., there iz
a little overlsp but generslly reprosents some form of molecular
structure. '
Sorry, if there is 1o bond tetween molecules then what
holds the molecules topether?
Remember how we defined the bond to be. It’s a strong force.
So a hydrogen bond jsn't = bond?
No. So now & strong force is gyeater than abont 100kimol™. Ok, And

we find intermolecular forces are the kydrogen bonds [tape ends]. Rt's-

not a bond. It's an intermolecular force, 1t's approximately 40kJmot*,
(S: ..)MNo. Thers is big gap. < 40kTmol® Ia intermolecular,

> 100kJmol™ js & bond. OK. .... (Ss:...) The hydrogen bonds are the.

. strongest o f the intermolecalar forces, -
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Kim:
Mé;

Ivy:
Mé6:

k..

Are you saying that melting gold is a chemical reaction?

Yes. [Students laugh showing some nncertrinty about the idea) By my
definition. Ok. [Langhter continuss] But notics that I'm being quits
frank with yon. Not everybody would agree with me, Althongh there
are more sminent scientists than myseif whe would .... Ok.

This js your definition. Where did you get it from? If you can change
definitions we can slso call a bond saything.

Ok, Now the definition on the bonds is well accepted. I Jooked at ... -

. presented in a paper on the definitions of ... drawn from the literature

‘Winnie:

Mb:
‘Winnie:

worldwide and the journals and textbook and came up with something
40 di“arent definitions. ... and then he traced through the decades
about the middle of the last century on how scientist had focused on

one agpect of definition and then focused on another and so on. At the-

end of it ... definitely & consensus of the fact that chemists needed to
tighten up on what fthey call a chemicsl bond and the one that I
suggestzd 40 you ... well accepted that definition, Could ¥ slso say
that John Bradley iz a miember of one of the ISI aystem international
.o that determines standards nct enly for aite but also determine
definition and so on for the SR system and has been working fora s
mumber of years on this. ... definitions of concepts. This is certainly
the one that he wouid suggest. He was my supervisor for my MSe.
So alot of what I'm suggesting comes from this. So it's not just my
opinion, but it’s consensus, it’s consistent ...

Witen. you’re teaching hydrogen honding (M6: Pve siways taught in
inverted commas) needs to be redefined, It is difficuit becanse
textbooks refer to it as hydrogen bond.

But the textbooks make it clear that it is an intermolecular force.
But it calls it a bond and that canses confusion _

It can and you need to focus your pupils attentior that it is actuslly
not & bond and mggest that they always write it in inverted commas,
It’s probably the easiest way of getting out of it. There isn’t ...

actually confusion in what’s written in textbooks becanse they quite

clarify hydrogen bonds being an intsrmolecular force. (8s:...) Yes,
‘Well ’ve read one journel that calls it .,. but I haven't seen it being

81:

adopted ... Ok. Right, Now I want o focus on fe origin.... Where-
what kind of forcés have .... chemical bonds? We have said that
chemical bonds are strong forces of attraction between atoms.Think

abont the kinds of forces that we know of ... If yor were in physics

classifying forces, think about what kind of fields you sre in ...
Oravitational sphere; (M6: Oravitationsl sphere.) magnefic,
electrostatic, '

Right. Those are basically the 3 kinds of forces and nuclear, Ok,
What kind of forcee are we talking aboat when we are deeling with
chemical bonde? Are they gravitationsl, are they magnatic forces or
are they electric forces? (Ss: ,..) They are due to charges. Electrical
charges. I think it’s quite important to bring those idess together in
our minds. So at this polnt, just to focus I ... your atiention quickly
and do a Litle bit of improvising, Ok, I miggest thet they do at this
point ... those of you whe have got plastic pens like thiz one [
demonstrates an example of such a pen ] Take them out, How many
have got one? Over thers, there ind over here [peinting at thres

stations where & plastic pen has been suspended on @ cotton thread]

is a peg and a piece of colton, a stick or a pencil with & bit of prestik
holding it. I want you to rub one of them and putitin ...... Try it out
before TP. You should try it out before yon start. Ok. Rub your one
pen .... rub another pen and bring it near ... [She tries it and the
stodents do the same]. If it worka ok. What was it doing attracting or
repelling? .., It repele, If we're Iucky .., witk ons of these yon can
get ... what T reslly need is something-rule. ... if you find in schoof
gocks .... use them. We still got a pen ... What I'want you to sctually
do ix apend a couple of minute ‘here’s some pens, kere’s soms plastic
ruless. Rub on to various iter. . of clothing and ses if you can get hem
to repel and attract. [students given about two minutes io try this out,
8o they go to the three stations and try it out. Other are available to
get atiraction and repulsion forces.] Right folks I'm rushing you,

putting two weels work into 2 hours. ... Can zee that’s zasy enough

o do quite quickly. Certgin .... on electrosiatic forces .... can I just
say that this package is available form RADMASTE st the untversity




corner on the 18th floor. Tt's available if yon acnally want to boy

one. You are weicome to borrow one and photocopy at your own

expense. So if you're interssted you can nse it, you can adapt it ... In

fact T wonld be defighsed if you ... you shonld not feel that you need:
to write anything down .... Well thess are electrostatic forces ....
These electrostatic forces are forces between positive and negative
charges. You know where the cherges originate. You need to focus
ideas, The fact that they will have dope something on structure of the
stom. So that they know that there ate protona in the mncleus which
is ponsitively charged surrounded by an electron cloud. That's
sufficient. Either you can think of your electrons as particles or az a

negatively charged cloud. I think that you need to perhaps teil them

to think of these electrons in both ways. So ysu have noticed that we
have not introduced the molecular model and we have not done the
quaptum mechanics model and I think it is insppropriate to do at
gchooi level. I don't taink it is inappropriate to po through the history
of the development of the model ... esseptial ......,. dusl natere of
light =nd have ali yor need to do the history of the atom and you
should at that point be linkiag it with the dusal nature of the electron.
Unfortunately that would have .... So that another aspect that’s not
fundamentsl to the teaching of chemical bonding. It ia at a muck mors
advanced level. What X say to kids is think of your atom Lke a light
in a dark room. You got a light ... a candle shinning in a dark room.
Take the flame from the candls to represent the micleus and the light

shines out from that candle with your book if you come close to the

candie you'l] be able to read. As you move a littls further and forther
away from the candle .... and eventually you get to a [point where
you can’t read anymore. If you were to draw 8 sphere arcund your
candie you would say that's the sphere in which the light is ok. Now
Tdon't mean to say that there is no Jight ot there but for all practical
purposer that might be ... Now an atom is just ..... a nuclens
surrounded by a sphers of electrons. Let's say that at a certain
distance .... sphere we call that & ..... In a sense that’s arbitrary ......
elettron charges with ..... It also helps the children to reclies that the
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HE:

Mé:

8:
Mé:

Ms:

protops. I will use these 1 _ Gaﬁbm‘jll
. symbols to represent my Force ©

proton [figure 2] and one : '

electron ok, So if's not the @ —

hydrogen molecule, it is the | A l Rapuls

fydrogen molecule jon. It has . Jorce

one electron. I have chosen

that because that’s the &

simplest sitmation ...,

molecule. It han the fowest | @ @

particles. .... teaching at std 9 A 2

fevel they have already dons’ l '

vectors ... So they easily deal

atom is uot a solid particls, ..... to something else that we are going
to give a term to-interpretation .... atoma,

Pm sorxy. (M6: Havs to hang on) [She changes the chalk hoard
becanse one is foll, by pulling down = clean one]. '
Ok. Now we need to look at

how does a bond come sbuot, %

[Writes on the board] this | Hy'

molecule consists of two

witr this simple exercise, " .
What forces are on thoss | A @ :
protox .... close to the system @ ® .B

oo this proton, -

Repulsion. Figure 2 Bond formation in
Repulslon due to what? H*
Right. Tn which divection will ‘

fhat ..... .... represents the repulsive forces of this proton. ......

attraction to the zext one, ..., So when you do the exercise you need

to explain that some of ... some of those particles have negative

- charges on ... has got positive charges. ... would repel other

negatively charged objects but attract positively charged particles. ...




Negative repsl nepative, the positive .... So here we've got an
attractive force and a repulsive force. .... a component of this
attractive force in that direction ...... Right. Now if this force is
bigger than that one it's gonna be ... and so this proton ..... along
this axis vntil it's balanced by that force. ..... Similarly theze’s going
to be 2 component .... and in our systera there isn’t anything to
balance that. Actuslly it's not the proton but the electron which has
it’s faertia Jow .., move down hut you could also think of this ...,
system that you would need up with somethiog like that, whers your
«».» forces on your proton are balanced on sither side .., forces causen
that to move in a line like that, And when you get to that situation

you have & bond. Those three particles together because now all the -

forces are balanced and so there’s no reason for them to move apart.
Now with that very very simple exercise you can then come to the
next point. What happens to our system. i we bring another electron
into the system thers, Now the only way that I get round to saying
this is o say to the pupils that electrons spin on their axis. We don’t
actually know that they spin on the sxis but we have observed effects
that are the same us if they were spinning on their axis. Right. Letus
say now if a charged object spins on it’s axis it develops a magnetic
field, So if these were spinning they would develop a magnetic field
with & N pole here and S pole there. And now if one comes along-
another electron and spins the other way round, then it will develop
a north pols here and a south pole here. Then those two magnetic
fields will cause an attractive force between two negatively charped
particies. Now we observe thoss effects in a magnetic field, We don’t
actunlly know they exist. Right. So if anotier electron comes along
to our cystem up here, alright, it's going to position iteslf there
because again the forces will balasce and there will be 4 certain
amount of attraction dus top the apposite spin we are talkiag about,
which will enable the forces ..... Now we can only have twe different
magnetio fields ok, cen only have spin in two directions that's why
you have only a pair of elsctrons together to form a bond. We can't

" have-three ejectrons.

v
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Brian:

“M6;

Mé:
Rob:
Mé6:

Mé6:

Why are thoy spinning in opposite directions?

Well we don"t know that they are spirning but if they have the same
magnetic orientation in & magnetic field then they won't pair to form
abond. We actusily know that. So it’s only when you get 2 peir of
electrons with opposite magnetic erieatation that will bond. So every
bond ther consists of & pair of electrons that ere simultaneously near
muclel, A bond is & pair of electrona, a strong fores cansed when &
pair of elecirony are simulianeously near two muclei.

A pair of electrons are diways the sams disiance gll the fime?

Ok. You srelhmhngofthoparﬁclsmodal for a start, aren't yon?
Ya.

Ohkamemberthatmexphmﬂywhaﬂsaidﬂﬁnkoﬂhehghtmiogy '

because a particle modei of an eléctvon is .... So honestly I don’t
think now where this electron is. I just Jmow that thexe is a high

electron density there, in this region [between the two hydrogen

muclei in the figure 2] I'm not sure how muchk you ali done ...
electron paire of bonding. Anyway, Ok. So this is-here will be your
kigh electron density region. If you want to change ....

‘at school the particle model ... and now DI've been trying to

incorporate gil these other thinge of hybridisation and sverything with
the particle model and I find it very difficult.

Yes. Ok I don't think you need hybridisation quite honestly but I
think that you do need to give children some jdea of interpenetration
of orbitals ..... If you've got say ...... sioms bonding together to
make a diatomic molecule ..... If your only picture of the atom in that

 of particle... the nucleus is the middle and you've got some particles

that are flying .... Now don’t think of your nuclens ....

Ya it’e pot huge problems conceptually at a very ciementary level. ...
to me if I thought of two candles shinlng, bring my candles together
80 that the light overiaps, so that I get a bright light there in between.
the candles. [nolherwordshighahclmndannty, that to me makes
much more sense .. of what 2 moleculs is, You may like to argue
with me. Ok, let's move ont. Theoretlcally ... Ijust want to move on

A

L AR




M6:

fairly quickly because I just want to focus or intermolecular forces.
In the package what I've done is I've brought together bonding and
intermolecular forces into one wnit. .... School syliabus at std 9 you
teach bonding and then you teach gas laws. ... It ook me years of
teaching atd 9 to .., why the ges laws come in, the middle .... there's
a very goad reason for this ....

Figure 3 Jodine molecules in a crystal

Because gases have wesker intermclecular forces, liquids haves strong
intermolecular forces and eolids have bonds,

You're on fthe right track. In fact the idea ..., In the handout given
there is & pattern of dots [puts OHT of diagram with dots as shown
in figure 3, Then she asks students to measure the distance between

adjacent dots, to use solid lines to join dots that are near each other -

and dotted lines for those further apart, and to find halfway marks on
the dotted linea. She went on isforming stodents of the following: The
short distance represents strong forcea ie. chemical bonds: 10mm.
The bond length will have the same distance. The dotted lines
represent wesk, forces, je. intermolecular forces between mol=cnles.
Focos on the distance which ig Jinked to the forces, big distance -
high potential energy, short distance low potentiel energy. The bond
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Rob:
Mé:

Mé:
Mil:

4 ——— 1w . [

oceurs at minimum poteritial anergy. Also link the distarce to strength
- of force and the 2nergy; amafler distance stronger force- low potential

energy] S

Why don’t they collide? Because of repulsive forces?

Forcos come to equilibsivm position, though they ase vibrating.
xeseser W atop hers, We need to talk sbout the assignment,

T would just like to wrap on the assignment. She draws the students’
attention to the sequencing and poesible selectton of questions from
fhe several questions given.
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