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ABSTRACT Teacher beliefs are said to be the most critical factor governing classroom
instructional behaviour and action. A variety of teacher beliefs have been associated with
teacher decision-making, instructional practice, behaviour and action. These include beliefs
about: the nature of science and scientific inquiry; teaching effectiveness (teacher-efficacy);
students and student learning; and teaching. However, how exactly the various teachers’
beliefs permeate classroom decision making and instructional action is still not clearly
understood. This paper, reports an interpretive study that investigated the relationship
between two student teachers’ beliefs about science and scientific inquiry and their classroom
behaviour and actions. The participant student teachers were studied during a three week
teaching practicum session. Data sources were: (1) semi-structured formal interviews (2) in
depth informal interviews (3) field notes from lesson observations (4) lesson plans and
student files. The results suggest that while the student teachers’ beliefs about science and
scientific inquiry permeate classroom behaviour and action, classroom behaviour and actions
appears to be much more influenced by the ‘school context factors’ and the desire by the
student to get a credit from assessment. School context factors include; availability of
teaching and learning materials, nature of guidance and support from mentoring teachers, and
the “quality” of learners. Implications for science teacher training and teaching practice

supervision and assessment are discussed.
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INTRODUCTION

It is now generally accepted that beliefs are a critical factor in shaping teacher classroom
practices. Teacher beliefs comprise a complex, interrelated system of personal knowledge,
assumptions, implicit theories, attitudes, and cognitive maps that are said to guide teacher
instructional decision-making and action (Pajares 1992). Classroom teaching practices are
about observable pedagogical behaviour and actions (Fishbein and Ajzen 1975; Good 1996).
According to Richardson (2003), so important are beliefs that contemporary teacher
education programmes should cease to focus entirely on developing subject knowledge and
pedagogical skills, but also endeavour to cognitively understand how beliefs permeate
instructional practice. Sound teacher preparation programmes and curricula might be drawn
and implemented. However, all such efforts might stumble, if the various beliefs (e.g. about
teaching, learners, the nature of the subject, and learning) pre-service teachers bring to the
classroom are not clearly understood. While it is accepted that beliefs are generally difficult
to change (Pajares 1992), many education experts content that understanding pre-service
teachers’ beliefs is essential for development and implementation of new teacher education
curricula, effective pre-service training, and the crafting of constructivist pedagogies that
might shift students’ belief structures (Thompson 2007; Richardson, Anders, Tidwell and
Lloyd 1991; Lynn, Bryan and Atwater 2006).

In school science education, “teaching and learning science through inquiry” has become an
international buzz phrase, a catchphrase, and slogan. Teachers of science, including pre-
service teachers are expected to develop learners’ subject matter knowledge, science process
skills and learners’ understandings of both the nature of science (NOS) and the nature of
scientific inquiry (NOSI) (Chen Tsai and Chai 2011; Brown and Melear 2006, Abell and
Lederman 2007; Wong and Hodson 2010). Science subject matter knowledge is about the
concepts, ideas, models, and theories making the body of knowledge called science. Learners
of science develop science process skills when they are engaged in such activities as
investigating, problem solving, hypothesizing, observing, questioning, experimenting, and
manipulation of apparatus and materials. Teaching about the NOS involves developing
learners’ ideas about the nature of scientific knowledge (e.g. that it is empirically based, is
revisionary and tentative). The NOSI is about understanding how scientific knowledge is
developed and validated (Vhurumuku and Mokeleche 2010). This includes developing

learners’ appreciation and understanding of the social, cultural, economic, and political



contexts embedding the scientific process and nurturing the idea that science is just another
human enterprise practised by ordinary beings called scientists.

Naturally, pre-service teachers go into classrooms with their own beliefs, images,
preconceptions, dispositions, views, perceptions and convictions’ concerning what science is
and how scientific knowledge comes to be. Although it is generally accepted that pre-service
teachers’ classroom practices, behaviour and actions are influenced by a variety of beliefs
including beliefs about what knowledge is and how it comes to be -epistemological beliefs
(Brickhouse 1989; Mellado 1997; Hashweh 1996; Richardson 2003), there is still little
known about how exactly teacher beliefs permeate classroom practices. Moreover, research
into the interaction between science teacher beliefs and classroom practices has produced
contradicting findings, with some results showing that relationships exist (Brickhouse 1989;
Gwimbi and Monk 2002; Hashweh 1996; Kang and Wallace 2005; Schraw and Olafson
2002; Tsai 2007) and others showing that they don’t (Abd-El-Khalick, Bell and Lederman
1998; King, Shumow and Lietz 2001; Lederman and Ziedler 1987; Mellado 1997). Research
around the world has shown that many teacher education programmes fail to substantially
change classroom practices (Stuart and Thurlow 2000; Brown and Melear 2006).
Consequently, there is an increasing focus on understanding how beliefs prompt teachers to
act and behave in the ways they do during instruction. It is noteworthy that, while research on
teacher beliefs and classroom practices is globally abound; no research on this subject has
been done in South Africa.

This paper describes a study that investigated the interaction between pre-service teachers’
beliefs about the NOS and the NOSI and their classroom practices. The study uses a fusion of
elements from teacher beliefs and instructional practices theory (e.g. Pajares 1992; Nespor
1987; Lotter, Hardwood and Bonner 2007) with the interactionist conceptual ecology model
(Strike and Posner 1992; Southerland, Johnson and Sowell 2006) as an interpretive lens to
explain the relationship between the pre-service teachers’ beliefs and their classroom
practices. It explores the pre-service teachers’ conceptual ecological system with the aim of
identifying the factors in that system that may impede or facilitate the interaction. A
combination of interviews and class observations is used as the empirical.

Research questions

In this study, the conceptual ecology is taken to mean the whole system of epistemological
beliefs, personal theories, motivational attributes, meta-cognitive and epistemic factors, and
knowledge of competing conceptions and analogies embedded in the individual (Strike and

Posner 1992; Southerland et al. 2006). For teachers, the conceptual ecological system also
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contains such elements as: teacher content and pedagogical content knowledge (PCK);
teaching experiences; and knowledge about students, student learning and the curriculum
(Southerland, Gess-Newsome and Johnston 2003). It is logical to posit that teacher beliefs
about the NOS and the NOSI are embedded within the conceptual ecological system. It is
suffice to suggest that what happens within an individual’s ecological system can only be
understood through listening to what the individual says and writes and through observing
behaviour and actions. As Wickman (2004) asserts we don’t need an axe to open the
individual’s head; all we have to do is observe actions and listen to what the individual says.
Understanding the conceptual ecological system therefore, entails constructing reasonable
inferences, interpretation and meaning making based on action, behaviour and speech.

With these assumptions in the foreground, the following research questions were formulated
to guide the study: (1) What are the pre-service teachers’ beliefs about science and scientific
inquiry? (2) To what extent do the pre-service teachers’ beliefs about science and scientific
inquiry influence classroom practices? (3)What conceptual ecological factors facilitate or

impede the translation of pre-service teachers’ beliefs into classroom practices?

CONCEPTUAL FRAMEWORK

TEACHER BELIEFS AND CLASSROOM PRACTICES

Beliefs have been defined as those cognitive constructs, with episodic roots based on personal
experience, which the individual accepts as true (Verjovsk and Waldegg 2005). Nespor
(1987) describes beliefs as existential presumptions or personal truths generally unaffected by
persuasion and tilted more heavily towards the affective and evaluative side. Beliefs are
inseparable from human existence, personal experience and action. Although teachers’
experiences and actions belong to the social and are physical, they are actually part of the
belief system as a whole (Wallace and Kang 2004). Teaching experiences and actions are part
of episodic memories, knowledge and feelings which feed into, and interact with, the
teacher’s belief system. Teachers’ knowledge and experiences based on actual classroom
practice form part of what has been referred to as “practical theories of teaching” or practical
knowledge (Lotter, Hardwood and Bonner 2007). In addition to contextualized knowledge of
the classroom, practical knowledge also includes teachers’ constructed knowledge of the
subject matter. For human beings, experience, which includes teacher practical knowledge, is
intricately related to incoming perceptual data. Audi (1998) is of the view that perceptual data
is linked to and feeds directly into the belief system of an individual. This is supported by

Brewer and Lambert (2001) who propose that although beliefs could be innate they are to
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considerable extent the result of input of perceptual data. On this basis, it is logical to suggest
that experience and perceptual data are an integral part of the belief system as a whole.

The various types of teacher beliefs form a complex system. Pajares (1992) writes of beliefs
as being composed of sub-structures that are inter-related to each other and to more central
beliefs systems. Beliefs also have a filtering effect as part of their being interrelated. This
filtering can lead teachers to perceive, and act on, information in different ways (Lotter et al.
2007), resulting in different classroom decisions, and instructional actions. Tobin, Briscoe
and Holman (1990) have used the terms “constraints” and “beliefs” to refer to the
instructional environment factors (time, resources, curriculum demands, and administrative
requirements), which influence teacher decision-making and instructional practice. Lumpe,
Haney and Czerniak (2000) have described teachers’ perceptions of how responsive their
teaching environment (e.g. resources and people) is to their effective functioning as ‘context
beliefs’. Context beliefs are about how the entire environment in which instruction occurs
influences teaching behaviour and action. This environment includes students, other teachers,
administrators, “institutions, organizations and the physical environment” (Lumpe, Haney
and Czerniak 2000:278). Essentially, through perception, context beliefs are part of and
belong to the conceptual ecological system. The various types of teacher beliefs are said to
compete with or against each other in mediating instructional practice, behaviour and action
(Kang and Wallace 2005). There is also the possibility that different beliefs could interrelate
in such ways as to reinforce or favour certain classroom behaviours and actions by the
teacher. These processes are part of belief filtration (Pajares 1992).

Beliefs about the NOS and NOSI

Extrapolating from the foregoing, we can define teachers’ beliefs about the NOS and NOSI
as the cognitive constructs, existential presumptions, dispositions, attitudes and orientations
harboured by an individual about what scientific knowledge is and how it is developed and
validated. The development and validation of scientific knowledge is at the core of what is
called scientific inquiry. As Wickman (2004) alludes, cognitive understanding of teachers’
beliefs about NOS and NOS can only be inferred from analysis, assessment and evaluation of
epistemological and ontological expressions and positions.

The various beliefs teachers hold about the NOS and the NOSI have been described and
categorized. Pomeroy (1993) has categorized these beliefs as either traditional or non-
traditional. The traditional view of science which is largely positivistic and empiricist,
subscribes to such notions as: scientific knowledge is objective and a true reflection of

reality; scientific observations are free from the observer’s pre-conceptions; knowledge exists
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independent of the knower; and observation and experiments are the only infallible sources of
scientific knowledge. On the other hand is the non-traditional view, which is largely
constructivist and whose notions include: scientific knowledge is partly subjective and reality
is a construction of the knower; scientific observations are not free from human
preconceptions; and that in addition to experiments and observations, serendipity, human
creativity and imagination play roles in the production of scientific knowledge. According to
this paradigm, teachers’ beliefs about NOS and NOSI can be categorized as either traditional
or non-traditional depending on what they say in response to questions. Vhurumuku (2004)
however, argues that these beliefs could actually belong along a continuum ranging from
traditional to non-traditional rather than to dichotomies. Furthermore, it could be argued that
there is nothing really traditional about being a positivist; although it should be
acknowledged that historically science is associated with positivism and positivistic elements
in modern science are difficult to deny. Working along the lines of Pomeroy, Tsai (2002)
categorized teachers’ beliefs about NOS and NOSI into empiricist and constructivists. The
empiricists, who are more or less traditionalists in the Pomeroy view, see scientific
knowledge as; discovered, objective, empirical, sacrosanct and infallible. Constructivists
view scientific knowledge as problematic, invented, subjective, and tentative and revisionary.
Interactionist conceptual ecology model and teacher classroom practices

The relationship between the conceptual ecological system and teacher classroom practices
can be represented as shown in Figure 1.From an interactionist conceptual ecology
perspective (Strike and Posner 1992; Southerland et al. 2006) all beliefs are part of an
individual’s conceptual ecological system (see, Figure 1). As earlier noted, according to the
interactionist conceptual ecology model, in addition to the “rational, logical and strictly
cognitive” aspects (Posner, Strike, Hewson and Gerzog 1982:876), the conceptual ecological
system also encompasses metacognitive, motivational and affective attributes, including
beliefs about NOS and NOSI, beliefs about teaching and learning, teacher attitudes towards
learners’ capabilities and teacher perceptions of the teaching and learning environment. In
line with the interactionist perspective, Tsai (2002) has described teachers’ beliefs about NOS
and NOSI as being “nested”, meaning that teachers beliefs about science and scientific
inquiry are related to and interact with other teacher beliefs within the ecological system

(Southerland et al. 2006), such as; beliefs about teaching, learning and student abilities.
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Figure 1: A representation of the relationship between the conceptual ecological system

and teacher classroom practices

This is a logical consequence of the fact that the interactionist conceptual ecology model
views conceptions as being acted upon by other components of the ecological system. In
interactionist ecology, this action is partly a rational process during which individuals
account for their perceptions, compare competing ideas and make evaluative decisions about
pre-existing conceptions (Southerland et al. 2006). For practising teachers this implies an
ecologically embedded belief driven decision making process; a socio-cognitive process that
includes problem identification, reflection and action (Simon and Newell 1970). According to
Simon and Newell (1970), decision-making is a problem solving process during which the
teacher selects certain components of the problem task environment and integrates them with
his conception of the problem space. The problem task environment comprises of the sundry
factors comprising teaching, such as: information about students, student behaviour
problems, use of available resources, and the nature of the curriculum. The problem space is
the teacher’s own conception of what makes effective teaching. Both the task environment
and the conceptual understanding of teaching by the teacher are said to form the basis for
instructional decisions. In making instructional decisions the teacher makes cognitive,
affective and evaluative judgments about the consequences of those decisions for both
him/herself and the learners. Duschl and Wright (1989) are of the view that teacher decision-

making determines their instructional behaviour consciously or unconsciously.

METHODOLOGY
SAMPLING AND PARTICIPANTS



The two participants, both black males, were pre-service teachers enrolled for a Bachelor of
Education degree in the School of Education at a university in Johannesburg, South Africa.
For ethical reasons, the teachers are presented here under the pseudonyms, Kusile and
Bongani. Kusile (age 22) and Bongani (age 23) were both fourth year students training to be
specialized Physical Science (Chemistry and Physics) teachers for the South African Senior
Secondary school level. Both teachers were studying Physical Science as their subject major
with Mathematics as a sub-major. During the period of the investigation, the two participants
were on a teaching practicum and were part of a group of eleven Physical Science student
teachers assigned to the researcher for teaching experience supervision and assessment. The
two participants were conveniently sampled for the study. The major factor determining their
selection was that they were the ones who were performing relatively well in terms of subject
knowledge mastery in both Physics and Chemistry as adjudged by their marks in the
Semester prior to the study. Pre-service teacher subject matter knowledge has been shown to
be the major factor affecting both the confidence to teach and the quality of science taught to
learners (Schoeneberger and Russell 1986; Wallace and Louden 1992). The selected students
were therefore expected to be the most confident of the eleven in the teaching practicum.
However, neither of the two pre-service teachers had been exposed to NOSI prior to the
teaching practicum.

The two students were teaching at different schools in a township outside Johannesburg. Both
schools are so-called formerly disadvantaged schools. The two schools are reasonably similar
in terms of availability of teaching materials and resources for science. Each of the schools
has a science laboratory, equipped with basic apparatus and materials essential for teaching
Natural and Physical Science. However, Kusile’s school did not have computer and internet
facilities whereas Bongani’s had. Many educators believe that the availability of computers
and the internet greatly influence and change teacher classroom practices (Dexter, Anderson
and Becker 1999). It would be interesting to see how this difference related to the pre-service
teachers’ perceptions of their teaching environment and their beliefs about NOS and NOSI
and their classroom practices. As mentioned earlier, such factors are part of so-called

“context beliefs” and belong to and are located within the conceptual ecological system.

DATA COLLECTION
Beliefs about science and scientific inquiry

Semi-structured interviews



The pre-service teachers’ beliefs about science and scientific inquiry were elicited through a
semi-structured interview. Each student was asked a set of core questions around which
probing for clarification and deeper understanding was done. The semi-structured interview
questions were drawn and synthesized from the literature (Ryder, Leach and Driver 1999;
Vhurumuku, Holtman, Mikalsen and Kolsto 2006). All interviews were audio-taped and
transcribed verbatim.

The interview sought to gather information about the interviewees’ beliefs about the
following tenets of the NOS and NOSI: what is science; the tentative nature of scientific
knowledge; the purpose of experiments in science; the nature of scientific observations; the
source of scientific knowledge; the validation of scientific knowledge; and the cultural
‘contextuality’ of scientific knowledge -i.e. scientific knowledge development is influenced
by culture. For the NOS and the NOSI, tenets, are the ideas, principles, opinions or doctrines
about scientific knowledge and the scientific process that are generally believed or held to be
true by members of the science education community (Vhurumuku 2010). While
acknowledging that there is debate around what tenets should belong to NOS or NOSI, Dudu
and Vhurumuku (2011) have suggested that the first two tenets (what is science; the tentative
nature of scientific knowledge) focus on the NOS while the rest of the tenets are about the
NOSI. These tenets were chosen because they are recommended for understanding by
secondary school learners in international curriculum reform documents (Lederman 2007).
Moreover, the South African secondary school science curriculum, the National Curriculum
Statement (Department of Education (DOE) 2011) also advocates for the development of
learners’ understanding of the nature of science. On their teaching practicum, the pre-service
teachers are also expected to develop learners’ understandings of NOS and NOSI, as part of
their science teaching.

The focus of this study was to find out what the pres-service teachers’ beliefs on the selected
NOS and NOSI tenets were and to determine if any of the teachers’ beliefs influenced the
way they planned and executed their science lessons; their classroom practices. Thus, in
addition to eliciting the students’ ideas about the selected NOS and NOSI tenets, the
interviewees were also asked questions relating to their teaching philosophies.

Interviews seeking to elicit the teachers’ beliefs about NOS and NOSI were done prior to the
teachers being observed as part of teaching experience supervision and assessment. It was
important to assure the interviewees that the interview was for research purposes only and
would in no way influence the researcher’s objectivity in the assessment and supervision. In

this case the interviewer was both a researcher and assessor. Enosh and Buchbinder
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(2005:588) have warned of the dangers to validity and trustworthy of data posed by “power
relations and conflicts between interviewer and interviewee” in qualitative research. It was
critical to get the confidence and openness of the interviewees.
Science and scientific inquiry beliefs and classroom practices
Teacher classroom practices were investigated through non-participant, semi-structured
observations (Cohen, Manion and Morrison 2000) and in-depth reflective interviews. The

students’ teaching practice portfolios were also analysed.

Lesson observations

Each student was observed for two consecutive 40 minute lessons, teaching the same Grade
and on the same content topic. Kusile’s two observed lessons were with a Grade 10 class
focusing on; Representing Chemical Change, specifically, Balancing Chemical Equations.
Bongani was observed teaching a Grade 11 class. The focus of the two lessons was on the
relationship between voltage (V), current (1) and resistance (R), essentially on Ohm’s Law, V
= |R. For each of the observed lessons, the observer sat at the back of the classroom and took
notes; recording proceedings as guided by an observation guide. The aim was to capture as
much as possible of the class events. The observation notes were transcribed for analysis.

In depth interviews

Pre and post lesson interviews were conducted. Before each lesson observation, the student
was asked to avail a copy of the lesson plan. He was also asked to brief the observer on the
teaching and learning strategies he was going to use and to explain and justify his approach.
At the end of each lesson, the student was interviewed based on his lesson delivery. The
purpose of questioning was to get clarifications and further understand the student’s actions
and reasons and justifications for those actions. Probing was done with the aim of making the
student reflect on both his beliefs about NOS and NOSI and his teaching actions. A similar
strategy has been successfully employed by Irez (2007) who used a reflective-oriented
qualitative approach to investigate teachers’ beliefs about the NOS. Additionally, each
student was probed around the following questions: 1. what is your way of teaching science?
2. Do you think your way of teaching science can help learners to understand what science is

all about? Explain. All interviews were audio-taped and transcribed verbatim.

Documents analysis
Each student’s teaching portfolio was examined. On teaching experience the students are

required to have a teaching experience file or portfolio. The portfolio was analysed focusing
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on teaching materials -laboratory worksheets; exercises and assessments tasks. The aim was

to capture as much as possible of the teachers’ planning and lesson presentations.

DATA ANALYSIS

Data was qualitatively analyzed through a combination of analytic induction (Murcia and
Schibecci 1999; Lincoln and Guba 1985) and interpretive analysis (Thorne, Kirkham and
McDonald-Emes 1997; Gall, Borg and Gall 1996).

In analysing for the students’ NOS and NOSI beliefs, each interviewee’s responses to all the
questions were repeatedly read and emerging themes/units of meaning coded and re-coded.
Data from the pre and post lesson interviews were similarly read and re-read and units of
meaning coded and re-coded. The objective here was to get insights into the student’s
decision making process and classroom action and behaviour at the conceptual ecological
level. For each student, all the data, that is, from the NOS and NOSI beliefs interview, lesson
observations, and post lessons interviews were also read and re-read with the objectives of
getting a holistic picture of the student’s NOS and NOSI beliefs and classroom practices as
well as look for patterns that might suggest links or associations between beliefs, decision
making and teaching action.

At the bottom of the data interpretation was an effort to answer the questions: What could
have driven the student to teach in the way he did? What could have been going on in the
mind of the student? What factors could have influenced the student’s decision making and
teaching action? How can the data be given meaning from the point of view of the student’s
beliefs and conceptual ecology model? What could have been happening in the conceptual
ecological system of the student? In what ways were the student’s NOS and NOSI beliefs
influencing his behaviour and actions?

There was a deliberate effort to isolate the student’s belief in question and make inferences
concerning it being reflected in his teaching actions. Borrowing from chemical
thermodynamics, where the part of the universe one is interested in is the system and all other
things form the surroundings, there was an effort to determine whether the belief in question
was influenced by or linked to other aspects in the student’s conceptual ecology. In this
effort, the following questions were addressed: What factors, beliefs, and experiences, within
the ecological system are influencing the student’s belief about science/NOSI? To what
extent are the student’s ideas about NOS and NOSI represented in the instructional actions?
This meant going back to listen to the audiotaped interviews and reading and re-reading the

transcribed texts. As Thorne et al. (1997) advise the major focus of this kind of analysis and
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interpretation should not be simply sorting and coding but synthesising, reconceptualising
and theorizing. In line with this, there was a deliberate effort to search for patterns and
strands of linkage between or among the various pieces of information. As noted earlier,
meaning making in this instance is about making reasonable inferences based on action,
behaviour and speech.

The author and an experienced science educator in the same university with the researcher
did coding and re-coding of the responses independently. All the final interpretations were a

result of consensual agreement.

RESULTS

In this section, first the results on pre-service teachers’ beliefs about science and scientific
inquiry are presented and analysed (Research Question 1). This is followed by the
presentation, analysis and interpretation of the findings relating to pre-service teachers’
beliefs about science and scientific inquiry and their relationship to classroom practices
(Research Question 2). In that effort, the conceptual ecological factors facilitating or
impeding the translation of the pre-service teachers’ beliefs into practice are teased out
(Research Question 3).

PRE-SERVICE TEACHERS’ BELIEFS ABOUT NOS AND NOSI

The two pre-service teachers’ beliefs on each of the investigated tenets are summarized in
Table 1 below. For each tenet exemplary statements are written to capture the major idea
expressed by the teacher during the interviews.

Kusile

As the summarized results show, Kusile’s NOS and NOSI beliefs can be generally described
as falling with the traditional category (Pomeroy 1993). Only on one of the investigated
tenets; “the cultural contextuality of scientific knowledge”, did he express ideas and positions
which might be described as belonging to the non-traditional category. This is illustrated
from some of the statements he said during the interview. For example, he appears to habour
the belief that the role of experiments in science is to prove theory. When asked the question
why do scientists 0 experiments?; his answer was:

...To show or prove that their theories are correct. They start with a hypothesis which they
say is it true... let me do an experiment to show or see is it true. So they test ...like we do in
the lab we can actually show Oh! ...light can be refracted by passing it though a prism.

He also held the notion that all scientists needed to do in order to discover new knowledge

was to perform experiments and make careful observations. He suggested:
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When scientists do experiments and observe they come to know about what things really are,
they investigate and produce new ideas...something not known before.

These are traditional ways of looking at science, since it is now generally accepted by
philosophers of science, that experiments do not prove theory, rather they are artefacts or
creations of scientists themselves, which can at best only falsify hypotheses (Popper 1972);
and that science can also happen without experiments. From the history of science, it is also
known that in addition to experimentation and observation, the development of scientific
knowledge occurs through the creativity and imagination of scientists (Lederman 1998).

To Kusile (K), scientific observations are objective and different scientists should see things
in the same way and obtain similar sets of experimental data from the same experiment. If
this does not happen then one of them could be making an error or fails to be objective. When
quizzed he replied:

K: In science when you make observations you have to be objective, otherwise
you are not a scientist...you must see what is really there...and another scientist must also see
that this is really

Interviewer: But, can’t different scientists see things differently or get different results?

K: They should see the same things if they all observe carefully....Maybe one will
not be careful...as for results if they are different, it means one made an error or is
inaccurate in measuring or reading, even in our pracs at University this happens...especially
when you don’t follow the instructions or method properly... take results and make
deductions....

He appears to hold the notion that science is about uncovering infallible ontological truths,
through simply making careful observations, following a method or taking accurate
measurements. This is not an uncommon finding as research done around the world
(Lederman 2007), shows that such misconceptions among teachers and pre-service teachers
are widespread. What is interesting here is the fact that Kusile appears to link his
understandings to his laboratory work experiences at University. It looks like some personal
experiences embedded within his conceptual ecological system are influencing his notions
about the nature of scientific observations and how scientific knowledge is obtained- through
a method! This would support the findings of Vhurumuku et al. (2006) which suggest that
student laboratory work experiences have some affect on the way they look at the NOS and
NOSI.

Surprisingly, Kusile had some informed ideas about whether or not scientific knowledge

depends on culture. He said:
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K: Knowledge depends on culture... we know certain things which white people or
science don’t know...

Interviewer: Can you give examples of such things?

K: Like you know lightning can be made and send to kill you...Emm...or a sangoma can
fly to another part of the country during the night riding a basket....hahaaa...!

Interviewer: But is that science? Earlier own you said science follows a method. Is there a
method there?

K: I don’t know really, maybe there is a method we don’t know. You know these things
you never know whether true or not people just say... but I think it’s different science... |
don’t know...

He seems to have the notion that there are different ways of knowing but fails explain
whether or not the different way of knowing can be called a science.

Bongani

Bongani (B) can be described as harbouring traditional beliefs on some tenets and non-
traditional beliefs on others. He believes that; scientific observations are objective, science is
independent of culture and universal, and that all that scientists need to do to validate
knowledge is to perform experiments. At the same time he also believes that scientific
knowledge changes, is instrumentalist about the purpose of experiments in science-to solve
human problems, and acknowledges the role of imagination and creativity in the development
of scientific knowledge.

During the interviews he revealed some interesting ideas. On the issue of the “the cultural
contextuality of scientific knowledge”, he said:

B: You see... science is the same everywhere. An electron is an electron and it
will jump from one energy level to another whether you go to China or you are in
Mpumalanga...so it is not about culture...for example, scientists all over will do an
experiment and show that V = IR or show Faraday’s law is true...it does not matter where
you are maybe just the conditions..

Interviewer: But what can you say about the fact that most of the science we know today
was discovered in Europe and America? Is that not about different cultures?

B: But even if it was discovered in Africa, the electron will still be an electron, whether a
Blackman or a Whiteman is looking at it doesn’t matter...they will still see the electron.
Interviewer: What | wanted to say was that, is it not that the problems scientists investigate

depend on where they are, their culture and what they will be experiencing at the time?
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B: But will that change electron to something else? No, even if it was discovered in

NOS/NOSI TENET

PRE-SERVICE TEACHER

Africa it will still be an electron. Why it was not | don’t know? Maybe it’s God.

It appears that Bongani harbours strong positivistic and traditional beliefs about the

universality of scientific knowledge and its cultural independence. This belief appears to be

linked to a realist epistemological and ontological conviction that the electron is a tangible

entity and not a construct created by scientists to explain observables (Dawson, 1991). At the

same time his defence in the above exchange could be illustrative of the fact that beliefs are

resistant to change (Pajeras 1992).

On the purpose of experiments in science, he said:

B: ...scientists investigate nature of materials and substances so as to know their

properties and structures so that they can be used, or improve materials and also discover or

make new materials and compounds that can be used by people...
Interviewer: How do they come to know that this and that can be used in this way?

B: They perform experiments and observe and say yaa!...this can do and this can’t.

Interviewer:
B:

What happens if the scientists fail to agree?

They do more experiments and get results they think and become

creative until they can say surely it’s this one which works.
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KUSILE BONGANI
what is science A way of knowing about | Studying nature in the
NOS nature through performing | different subjects
TENETS experiments so that what | Chemistry, Biology,
things look like is known Physics, etc
tentative nature of | Scientific knowledge cannot | Scientific knowledge can
scientific be changed once it is proved | change in the light of new
knowledge to be true evidence
purpose of | To verify theory and show | To investigate the nature of
experiments in | that things are real substances with the aim of
science To show that their theories | identifying properties and
are correct structure so that they can be
NOSI used
TENETS

To improve materials and
also discover new materials
and compounds that can be

used

nature of scientific

observations

Scientific observations are
objective because what is
observed and what actually

happens is one and the same

Scientific observations are
objective because when we
do experiments we always

get similar results

thing
source of scientific | From observing and | Through experiments and
knowledge experiments observing, but scientists
Through following the | also think and imagine and
method, which are used to | create things
acquire scientific
knowledge the scientific
method and experiments
validation of | Disputes settled by | Scientists perform
scientific repeating experiments experiments to show that
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knowledge things are real
They repeat experiments to

settle disputes

the cultural | Depends on culture and is | Does not depend on culture
‘contextuality”  of | influenced by culture and is universal

scientific

knowledge

Table 1 A summary of the preservice teachers’ beliefs about NOS and NOSI

SCIENCE AND SCIENTIFIC INQUIRY BELIEFS AND CLASSROOM PRACTICES
Lesson observations

Kusile: Lessons observations

Kusile introduced the first lesson on: Balancing Chemical Equations, by asking learners to
explain what the word “balance” means. After getting several responses all of which pointed
towards saying “to balance is to make equal”, he went on to say:

Indeed that is so, when we balance equations we make sure things are equal on both sides.
Like in Maths we have the right side and left side of the equation and we say left is equal to
right. Then we check are they equal...

He went on to write the equation:

Mg + O, — 2MgO

Learners were asked to give reasons as to why the equation as given was balanced. Learners
talked and discussed among themselves and some raised hands. There was a subsequent
teacher-learner discussion during which the teacher responded to learners’ answers and ended
up saying, for chemical equations, balancing was about making sure that the number of atoms
of each element on either side of the equation was the same. Clearly, some learners showed
that they did not understand the meanings of the stoichiometric coefficients such as the 2 in
front of MgO and the 2 for O,. The teacher made no attempt to follow this up, pointing out
instead that, “you must have done symbols with your class teacher” who in this case was the
student-teacher’s school based mentor, who was the Natural Science teacher for that class.
The teacher went on to give learners rules for balancing equations, which he wrote on the
chalkboard. Essentially, the rules given were about counting atoms and putting appropriate

stoichiometric coefficients in front of or after symbols and making a table to check if atoms
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on either side of the equation were balanced. He went on to say, “Let’s see if you can follow
the rules. Can you balance these equations for me?”” He wrote on the chalkboard:

(@) Fe,O3 + CO — Fe + CO;

(b) Zn + HCI — ZnCl, + H,

(© KCl + Pb(NO3), — KNO; + PbCl,

He went on to tell the learners that they should work in groups of 3. Learners worked, talked
and appeared to be sharing ideas and the noise level in the classroom rose. Meanwhile the
teacher was moving around the class from group to group chatting to some learners in the
process. After about 15 minutes the teacher called the class to attention and said:

Now let’s see if you could follow the rules. Who is going to show us how to balance equation
a?

A boy from one of the groups was called up to the chalkboard and asked to work through the
balancing. His answer was wrong. The teacher, looking at his notes, which had answers to the
questions, told learners that the answer was wrong. He asked for another volunteer. This time
around the new volunteer, a girl, got it right. And the teacher said it was right because he
could follow the rules. However, from the look of things, most learners appeared to have
been struggling with the balancing. The same strategy of calling learners to the board was
used or questions b and c. To conclude the lesson, the teacher gave the learners five chemical
equations to go and balance at home. He then said in the next lesson, they were going to do
an experiment.

The focus of the second lesson was to demonstrate the Law of Conservation of Mass; that
when a chemical reaction occurs, the mass of reactants is always equal to the mass of
products. Commonly, school experiments done on this topic include demonstrating the Law
of Conservation of Mass. The teacher used the reaction between iron and sulphur to form iron
(1) sulphide to demonstrate the concept. Before the demonstration, the teacher discussed the
reaction and outlined the experiment giving the anticipated results. He emphasized that the
demonstration was to show that: the mass of reactants is always equal to the mass of
products.

The demonstration was performed in the laboratory and outside the laboratory. First sulphur
(8 g) and iron (14 g) were weighed in the laboratory. The class was then taken outside (for
safety reasons, laboratory had no working fume cupboard) and the mixture of iron and
sulphur was heated in a metal dish using a portable gas burner. The formed iron (1) sulphide
was weighed. The results were that the mass of the iron (11) sulphide was not the same (less

than 22 g, it was 21 g) as the mass of separate iron and sulphur added together. Several
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learners wanted to know why this was not so, contrary to their anticipations from what the
teacher had explained before the demonstration. The teacher’s answer was that they could
have made errors in measurements and might need to repeat the experiment to get an accurate
result. He could not explain that there could also have been a loss in mass as a result of some
sulphur combining with oxygen during the heating and escaping as sulphur dioxide fumes.
This was evident during the heating. The lesson ended with the teacher explaining the link of

the experiment to balancing equations.

Bongani: Lessons observations

In the first lesson on, Ohm’s Law, Bongani started by writing the equation V = IR. He then
worked through the idea of changing the subject of the formula showing that: | = V/R and R
= VI/I. Thereafter, he went on to work through examples for calculating each of V, I and R.
One of the examples he gave was:

Calculate the current passing through a circuit, given that, the Voltage is = 3V and the
resistance is equal to 1.5 A.

The approach was purely mathematical. There was no attempt to give a conceptual
understanding of the meanings of voltage, current and resistance. Nor did the teacher show
the learners the relationships among the units for the variables voltage, current and resistance.
He also did not talk about the relationship between V and | being a direct one. While the
learners actively participated in the lesson, the teacher made little effort to check learner
understandings of his explanations, through appropriate questioning.

After demonstrating the calculations, the teacher went on to give the learners a class exercise
and asked them to work out answers in their exercise books. Three problems requiring
calculation of voltage, current and resistance were given. No instructions were given to the
learners to work either individually or in groups. Some learners worked collaboratively, while
others worked individually. The learners worked on the problems and talked among
themselves exchanging ideas. The lesson came to an end just after the teacher had completed
getting feedback from learners on their calculations for the first problem

The focus of the second lesson was to experimentally demonstrate that the voltage is directly
proportional to the current. Learners were divided into groups of 5, given worksheets with a
list of apparatus, diagrams showing how the apparatus should be assembled. The circuit was

to be set up as shown in Figure 2:
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Figure 2: Diagram of circuit setup in learners’ worksheet

However, the apparatus had already been set up for each group. Learners were then instructed
to go into their groups and do the given task. The worksheet had instructions for learners to
adjust the power supplied, thus varying the potential difference (p.d) across a piece of high
resistance wire. Learners were required to record a series of values (a set of ten readings) for
the p.d. and the current and then use their results to plot a graph of p.d. versus current. The
plotting of the graph was to be done as homework.

The teacher handed out worksheets to each learner and then read through the instructions,
emphasizing and explaining. He called the class to the demonstration desk and showed them
exactly what they had to do. He commented:

Doing an investigation like this one means follow instructions and observe and take accurate
readings. Be careful. Are we together? Is it clear?

The learners manipulated and chatted. The teacher moved from group to group talking to
learners here and there and answering questions. All groups were able to complete the
readings before the bell rang. The teacher concluded the lesson by reminding learners that
they had to hand in their individually plotted graphs when they came for the next lesson.

Pre and post lesson interviews

Table 2 summarizes the findings from the analysis of pre-service teacher interview
transcripts.

Kusile

Kusile believes that when teaching it is always important to start by looking at what the

learner already knows and developing understanding from there. He frequently uses group
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work and encourages cooperative learning. When asked to say something about his teaching
ways he replied:

K: | start by letting learners say the things they know about what | want to teach, then I
try to explain to them the new things...then I give them some work to work in groups.
Interviewer: How often do you use group work?

K: I do it almost every lesson. For them to learn from each other and help one another.
The way Kusile organized and executed the second lesson observed seems to be consistent
with his beliefs about the purpose of experiments in professional science and in school
science. According to Kusile, the purpose of experiments in school science is to “prove
theory” and to show learners that “... things ...are real”. This belief about the purpose of
experiments in school science appears to be linked to what he thinks is the purpose of
experiments in real science as practiced by professional scientists. When asked to reflect on
the second observed lesson and to explain why he used the experiment to demonstrate the
Law of Conservation of Mass, Kusile said:

K: In science we want to show learners that these things we talk about are real. You see
experiments prove that what the scientists are talking about is correct. So | wanted them to
see that when we say mass of products is equal of mass of reactants, we are actually talking
about real things which happen not just theory from a book. ... Also they will know better and
actually remember and say Eheee...we did this so it’s correct

Interviewer: But in your lesson did you show that since you got different masses?

K: I think we made an error in weighing somehow or did not read correctly the
first time...1 will see if my mentor wants us to repeat, so we can get more accurate result...
Interviewer: Why did you not use a different reaction? For example reacting Kl and
Pb (NO)3?

K: I can’t do that. | do the experiment the class teacher [teacher mentor] says | must do.
Sir, you see the problems we have here, we can’t really do what we want because the class
teacher will say ...hey you will soon be going and | don’t want to re-teach, you teach what is
in my plan. I will show you how it’s done that’s why you are here to learn. ...So, sir, we don’t
always do what we believe...not on teaching experience, maybe when we graduate?

This could be symptomatic of the fact that, while the pre-service teacher might want to
practice what he believes, he is constrained by the demands and expectations of the mentor
teacher. However, even in this situation, there appears to be some ecological link between
what the teacher believes to be the purpose of experiments in ‘real science’ and what school

science experiments should aim to achieve. Kusile also mentions the need to strictly follow
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the curriculum and preparing learners for tests and eventually the Matric examination as
things he always considers in his planning for teaching. He also mentioned that he wants to
teach best when the University assessor was there, because to him it was important to pass
teaching experience and get a credit. According to him, this greatly influenced the way he
planned and executed his lessons.

Another belief which seems to mediate his instructional decision making and teaching action
is about the learners’ attitudes and preparedness to learn. Reflecting on his planning and
execution of the first lesson, he said:

K: I had to use group work here, because even when you say work one, one, they always
share and it helps because some of them are lazy, they don’t want to work on their own, so
others will say work with me here...and they can be difficult to control...

It appears, that Kusile’s use of group work is not only influenced by his belief about the
benefits of cooperative learning, but also his intentions to have control of the class and his

beliefs about the nature of the learners.

Table 2: A summary of the major findings from pre-service teacher interview

transcripts

TEACHING AND | PRE-SERVICE TEACHER
NOS/NOSI ASPECTS KUSILE BONGANI

Tease learner prior knowledge | Focus on the individual
Teaching Philosophy Encourage cooperative learning | performance

Develop procedural | Develop procedural

understanding

understanding

Science teaching

approaches and strategies

From theory to practical
Frequent use of group work
Teacher demonstrations
Verificationism

Classwork

From theory to practical
Teacher demonstrations
Seldom use of group work
Guided discovery
Verificationism

Frequent homework
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Purpose of experiments in

science

To prove theory

Show things are real

To investigate the nature of

substances

Purpose of experiments in

school science

To prove theory
Show that things are real

Help learners understand

Demonstrate scientific ideas
Develop  science
skills

Show that things are real

jprocess

Prepare learners for Matric

exams

On

experiments in science

observations  and

Observations objective

Scientists make accurate
observations

Experiments repeated to settle
disputes

Experiments prove theory

Observations objective

Scientists make accurate
observations
Experiments  repeated to
settle disputes

Experiments prove theory

On  observation  and | To prove theory To prove theory

experiments in  school | Show learners phenomena is | Show learners phenomena is
science real real

NOS and NOSI tenets | One method in science Scientists  strictly  follow
raised in relation to | Scientists strictly follow | procedures

teaching procedures Scientific ~ knowledge is

Role of experiments

Nature of observations

discovered from experiments

Role of experiments
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Nature of observations

Teaching environment | Fear of the assessor Fear of the assessor
factors  impacting  on | Teacher mentor Teacher mentor
teaching Examination/test preparation Examination/test preparation
Teaching/Learning Resources Teaching/Learning
Curriculum constraints Resources
Curriculum constraints
Conceptual ecological | Beliefs about learners Knowledge of teaching

factors raised strategies

Bongani
Like Kusile, Bongani’s teaching approach also appears to be greatly influenced by the desire
to get a credit for the teaching practicum and the need to satisfy the expectations of the
mentoring teacher. However, Bongani also believes that his teaching should be tuned towards
preparing learners for Matric examinations. For this reason, it is important for learners to do
individual work. When asked to justify his approach to the second observed lesson, he
replied:
B: It’s important for them to individually be able to plot graphs, because in Grade 12
exam you always have plotting graphs, so...they must actually plot individually...so they get
the skill...
Interviewer: What science do you think your learners learnt from the lesson?
B: Here we wanted also to show that it’s true that V = IR. In science we use experiments
like this one to really prove and show that this is like this...when they plot the graph they will
see and say Ahaa...for our results, we see whenever we multiply I and R we get V...yaa ...
Interviewer: Did you plan this experiment yourself or was it your mentor teacher?
B: The teacher gave me the topic to teach and said introduce Ohms’ Law. We
looked at the textbooks and we said we can do this investigation...they are required to do
investigations... that is what the syllabus says...

Interviewer: What is it about science that learners learn from doing investigations?
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B: For example in the lesson... they had to know that it’s important to follow
instructions, that’s what scientists do they use the method and follow it to get accurate
observations and readings...so | made sure they understood instructions before they collect
data..

While Bongani’s approach and strategies appear to be influenced by; the teacher mentor, the
examination, and curriculum demands, his responses are also suggestive of some linkage
between his beliefs that: experiments in science are for proving theory or showing “that it’s
true that V = IR”; and that there is a scientific method followed by scientists and his emphasis
on learners following instructions. This could also be linked to his belief in verificationism:
“we use experiments like this one to really prove and show that this is like this...” and “get
accurate observations and readings®“. This is also demonstrated in the way he enacted his
second observed lesson- and emphasized routine procedures in the first lesson- mathematical

verification of Ohm’s Law.

DISCUSSION

The exploration and analysis of lesson observations and interview data suggests that for the
two pre-service teachers, some of the investigated NOS and NOSI beliefs permeate teaching
practices. For both teachers, there appears to be some linkage between the teachers’ beliefs
about the purpose of experiments in professional science, the purpose of experiments in
school science and teacher use of exposition and verificationism as teaching strategies. The
two novice teachers appear to find justifications for their use of verificationism in the ‘nature
of scientific inquiry’, suggesting that verificationism is right because experiments in science
are designed to ‘prove theory’. This finding would support the results of Tsai (2002, 2007),
which suggest that teachers who have empiricist/traditional beliefs about the NOSI tend to
use traditional, teacher centred strategies as opposed to those harbouring constructivist/non-
traditional NOSI beliefs. Bongani’s beliefs that there is a method followed by scientists and
that it is important for scientists to follow instructions also appears to manifest in the way he
emphasizes following instructions in the second observed lesson. This is corroborated by the
interview data.

However, it is interesting to note that some of the investigated tenets, especially, the cultural
‘contextuality’ of scientific knowledge and the validation of scientific knowledge did not show
linkages to the teacher practices as found from the analysis of both the observed lessons and
teacher interviews. This might be the result of the fact that the content of the subject matter

for the observed lessons did not easily make it possible for a linkage to manifest. It could also
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be that the participating teachers had not been exposed to the pedagogics of teaching about
NOSI in science lessons. The analysis of the teaching portfolios for both pre-service teachers
revealed that they never deliberately planned to develop learners’ NOSI understandings.
According to Lederman (2007) many teachers fail to teach learners about the NOSI because
they themselves do not understand the NOSI or do not have the pedagogical skills to do so.
Abd-El-Khalick and Lederman (2000) have recommended that in order for teachers to teach
effectively about the NOSI they must be explicitly taught to do so. This implies the
introduction of courses on NOSI in pre-service teacher training. As already noted, neither of
the two pre-service teachers had been exposed to NOSI prior to the teaching practicum.

What appears to be the case with the pre-service teachers studied here is that while some
beliefs filtrate onto practices, the extent to which they do so is reduced or constrained by
some factors in the instructional environment. Both Kusile and Bongani indicate that the
extent to which they can practice what they believe is limited because they have to meet the
requirements of the teacher mentor. They end up doing “the experiment the class teacher
[teacher mentor] says...” or looking at ““the textbooks™ and doing what is agreed upon with
the mentor. Additionally, they also appear to be constrained by curriculum and examination
demands. This supports Tobin, Briscoe and Holman (1990) and Lumpe, et al. (2000) who
view these “constraints” or “context beliefs” or “external belief” as having an influence on
teacher decision-making and instructional practice. The effect of the “external belief” or
constraint appears to be to make teachers not to teach science “the way you want” or not
always to teach, “what you believe”. They develop “practical theories of teaching” (Lotter,
Hardwood and Bonner 2007), which are in line with the realities of the environment in which
they operate. It appears that there is constant conflict between the pre-service teachers’ NOSI
beliefs and the realities of their teaching environments. As the results here suggest, the
teachers’ practices seem to be a balance between their NOSI beliefs and their perceptions of
the reality of the environmental in which they operate, that is, the contextual factors or
barriers or constraints. We can refer to these environmental factors as in vitro factors.

At the same time, other beliefs located in the pre-service teacher’s conceptual ecological
system also appear to interact with their beliefs about NOSI and the way they enact their
practice. For example, in the case of Kusile, it is apparent that his beliefs about the purpose of
experiment in school science (belief about teaching) and the nature of the learners have an
influence on how and why he teaches the way he does. We might call these beliefs located in
the ecological system, in vivo factors, since unlike the in vitro; they are not directly linked to

the physical environment as such. While this is said, it is important to note that, both in vitro
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and in vivo factors are a property of the conceptual ecological system. The location of
contextual or in vitro factors into the teacher’s conceptual ecosystem is a feature occurring
through perception. Perception here is both mental and epistemic (Brewer and Lambert,
2001). It is an interaction of sensory data with the cognitive system. The teachers reflect on
the nature of their instructional practice. They think about and continuously locate features of
the instructional environment context into their conceptual ecosystem; an ecological system

that is replete with interacting factors.

CONCEPTUAL ECOLOGICAL SYSTEM ENACTED
PRACTICES

IN VITRO FACTORS
Examinations,
Curriculum demands
Teaching resources
The mentoring teacher

>

Verificationism

Group work
Emphasis on
leiefs instructions
NOS and Ecological attenuation  Emphasis on
NOSI facts and
procedures
e Exposition /

v

IN VIVO'FA¥TORS
Beliefs about learners
Beliefs about teaching
Beliefs about purpose of
experiments in school
science

Laboratory experiences at
University

Figure 3: Diagrammatic representation of ecological attenuation of NOS and

NOSI beliefs into teaching practices
We can make sense of what is described here in the diagram in Figure 3, which is a suggested
model, illustrating how beliefs in the ecological system interact with the actual practice

(called the enacted practice) by the teacher. What Figure 3 illustrates is that, within the
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conceptual ecological system, in vitro and in vivo factors interact with teacher beliefs about
the NOS and NOSI. It is posited that this interaction could govern the extent to which the
teachers’ beliefs about NOS and NOSI influence the enacted practices. The translation of
teachers NOS beliefs into practice appears to suffer from attenuation; we can call it
ecological attenuation. Attenuation is a concept used in a variety of fields (Geochemistry,
Biology, Oceanography, Ecology, Telecommunications, and Medicine) to generally refer to
the lessening of amount or magnitude or strength of something. To attenuate is to reduce in
force, make thin, reduce signal, to slender or to taper gradually (Sykes 1988). In this context
attenuation is about reducing or decreasing of the interaction between variables; in essence
reducing the extent to which the NOS and NOSI beliefs permeate teaching practices. While
this is said, it is important to realize that, understanding attenuation of a teacher’s beliefs into
practice is complex because all factors (including the enacted practices) are interrelated. They
might all interact and have an influence on each other (Pajares 1992). For example teacher
practices have been reported to have some influence on teachers’ philosophical orientations
and beliefs about teaching (Gwimbi and Monk 2002).

Pre-service teachers’ perceptions of their instructional environment provide reflective and
evaluative mirrors through which they can make judgements about the merits and demerits of
instructional decisions (Simon and Newell 1970) vis-a-vis their beliefs about the NOS and
NOSI. Because teachers continuously reflect on their instructional practices and environment,
the realization of ecological attenuation is not a sub-conscious activity but a conscious

purposeful activity feeding into daily decision-making and instructional practice.

CONCLUSIONS

The interview results suggest that as far as the investigated NOS and NOSI tenets are
concerned, the two pre-service teachers harboured beliefs which can be described as mainly
naive. They both believed that: scientific observations are objective and free from human
preconceptions; scientific theories could be proven as correct by doing experiments and
making accurate observations; scientific disputes could be settled by repeating experiments;
there is a method followed by scientists in discovering new knowledge; and that school
science experiments are mainly for demonstrating scientific knowledge as a sacrosanct
ontological truth. However, the two teachers showed some variations in their thinking. For
example, Kusile had the informed view that scientific knowledge was culturally depended,

whereas Bongani believed that it was culture free. Bongani believed scientific knowledge
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could change and that the purpose of experiments in science was to solve human life
problems.

The fact that the investigated pre-service teachers showed some naive ideas about the NOS
and NOSI is a worrying but not a surprising finding as it is consistent with the results of
many studies done around the world (see, Lederman 2007; Chen, Tsai and Chai 2011). These
studies have repeatedly shown that secondary school teachers and learners habour naive ideas
about what scientific knowledge is and how it is developed and validated. Given that the
development of learners understandings of NOS and NOSI is a major contemporary science
education curriculum goal, it is important to advocate for the inclusion of modules or courses
on the Nature of Science in all pre-service teacher education programmes. Teachers can only
teach about the NOS and NOSI if they have adequate pedagogical content knowledge
(Lederman 2007).

The interview and lesson observation data suggests that some of the pre-service teachers’
beliefs about NOSI are associated with their teaching practices. However, the extent to which
the teachers’ beliefs about science and scientific inquiry permeate, filtrate or influence
teaching practices appears to be limited by in vitro factors and in vivo factors. It looks like
the teachers can only put their beliefs into practice to a small, attenuated extend.

The teaching practicum can provide opportunities for novice teachers to develop and craft
idiosyncratic practices according to their training backgrounds and beliefs. Lynn, Bryan, and
Atwater (2006) have recommended that science teacher preparation programmes should also
provide pre-service teachers with opportunities to explicitly confront and reflect on their
beliefs, and refine and transform them into practices. This has a direct bearing on both
science teacher education curricula and teaching practicum models. It would be interesting to
find out how the beliefs of the pre-service teachers studied here would relate to practices if
they were operating in an environment in which there was less “interference” from the
mentoring teachers. Would their practices be different? Perhaps a similar exploration under a
different teaching practicum model would yield different findings. Could it be that teaching
practice models in which the novice teacher is given significant latitude to practice according
to his or her own beliefs are better for nurturing, teacher independence and confidence?

This study has revealed that, at the conceptual ecological level, for the two teachers, the
translation of NOS and NOSI beliefs into practice appears to be under the governance of in
vitro factors and in vivo factors. The following in vitro factors appeared to be associated with
the translation: the influence of the teacher mentor; curriculum demands; examination

demands; and the very fact that the teachers were on a teaching practicum and wanted to get a
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credit. The in vivo factors are: teacher beliefs about learners; teacher beliefs about the
purpose of experiments in school science; and their own laboratory work experiences at
University. It was difficult to determine with certainty, whether any of these isolated factors
positively reinforced translation or actually impeded translation. It can only be posited with
care, that, perhaps the in vitro factors appear to impede translation. While the model, posited
in this study might shed some light on this complex phenomenon, further research is required
in order to fully understand what actually happens in a teacher’s ecological system when

making decisions about instructional choices and actions.
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