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Over the past 10 years we have worked with both primary and secondary teachers
to explore personal values and beliefs about science and the relationship of these
perspectives with science teaching and learning. This was often a complex, difficult
and a highly personal area to research. We, as researchers, were extremely mindful
of the individualised nature of this work. We worked together with participants to
find ways to access and enable all parties to understand the deeply held personal
values and beliefs which frame individual professional practice. This chapter
attempts to capture the recurring challenges in this work. It is not our intention to
share all aspects of the research but to provide insights about how to uncover what
has largely remained implicit in teacher thinking in relation to science education.
The following story is just one incident, shared by a participant, which captures
both the inherent challenges and changes in thinking confronting teachers in this
research experience.

The bell goes and my new Year 10 ‘Science for Life’ class enters the room. The ‘Science
for Life’ course is intended as an option for students who are undecided about what they
want to do in the future and as a consequence it just concentrates on the fundamentals of the
science curriculum.

I’'m still feeling upbeat about my previous lesson so I choose to begin the lesson in the
same manner. What do you like about science? How can you see Science playing a role in
your future? What do you hope to get out of doing this course next semester?

Daniel put up his hand and replied, “I HATE SCIENCE...When am I ever going to need
any of this rubbish in my life?”

Iignored his question and asked Daniel, “What are you thinking about doing when

you finish school? He shrugged his shoulders and said in the typical 16 year old boy
voice: “I dunno.”

Trying to get a gauge of other students in the room, the conversation with my class
continued:

“Science is boring.”
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“Science is useless.”

“Do we get to blow stuff up?”

“Do we get to cut anything open this year?”

“I"'m not doing VCE!' science next year so I don’t see why I should have to do it now so
I’m not going to even try!”

Fifteen minutes ago, I was feeling upbeat and excited about how great this semester was
going to be, and now I was thinking how far off the end of the year is and how on earth am
I going to get these kids remotely interested in science? (Keating, 2013, p. 16)

Daniel and his classmates hold very strong views about the place and importance
of science in their lives. Daniel’s teacher also appears to hold views that may not be
in keeping with her students’ views. In this small interchange between Hannah
(Keating) and her students we find that Hannah’s initial question “What do you like
about science?” implicitly conveys the message to the students that Hannah likes
science. What must be very confronting for Hannah is Daniel’s extreme (but com-
mon for a teenager) response: “I HATE SCIENCE”. Daniel is not alone as his peers
also share at least a disinterest in science, with comments such as ‘“‘science is bor-
ing”. Hannah’s next question also puts her at odds with her students. “How can you
see Science playing a role in your future?” again implies that Hannah feels it is
useful—she is a science teacher—but again this view is not shared by her students.
Responses such as “When am I ever going to need any of this rubbish?”” and “Science
is useless” seem to demonstrate pretty emphatically that Hannah’s students do not
see any relevance of science to their lives. And finally, the question “What do you
hope to get out of this course?” implies that Hannah may be looking to meet some
of the needs her students have. She must be disappointed when the responses indi-
cate more entertainment value that science may provide through comments such as
“Do we get to blow stuff up?” and “Do we get to cut anything open this year?”
These student comments give insights into students’ perceptions of what it is about
science that might be of interest to them.

Unfortunately, this very real case in not unusual. It captures a clash of values and
beliefs at play and provides a powerful reminder that how science teachers see and
understand science is not always easily aligned with the experiences and percep-
tions of their students. The way these students think about school science and pos-
sibly science itself and the total disregard they assign to both scientific endeavour
and associated knowledge based on their experiences is real and confronting for
science educators everywhere. This case also stands as a reminder that years of
school-based science education provide little guarantee that learning ‘science’ will
transform such beliefs or even provide a positive educational experience for students.

'"VCE is the Victorian Certificate of Education, the final secondary school qualification received in
Victoria, Australia
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Digging Deeper: The Need to Understand Teacher Values
and the Challenge of Change

Hannah’s case is particularly interesting because when examined closely it appears
to be framed around what Brookfield (1995) would define as a key ‘paradigmatic
assumption’, an idea that is so foundational that it is particularly hard to uncover
and even harder to challenge. Applying the notion of a paradigmatic assumption in
Hannah’s case, teaching science is about facilitating students’ thinking in ways
which align with scientific thinking. This assumption is so fundamental to science
teaching that it is unquestioningly reinforced through curriculum documents.
Hannah clearly expresses this at the end of the interchange when she identifies the
impending challenge of “getting these kids remotely interested in science”. Hannah
assumes that as a science teacher it is her role to change her students’ attitudes and
perceptions about science and, ideally, she wants to move her students from seeing
science as the content of a school subject to recognising the everyday relevance and
importance of science within their own futures through the subject called ‘Science
for Life’. These values of the relevance and usefulness of science drive her thinking
and determine the type of science learning that she strives to achieve for her stu-
dents. To achieve these outcomes Hannah will need to develop her students’ capac-
ity to think differently about the nature of science and the inherent value processes
that ensure the construction of rigorously contested science knowledge. She must
address not only her students’ existing conceptual knowledge but also the resistance
evident in student attitudes—undoubtedly a really problematic process.

How Hannah values and thinks about science strongly influences the change in
thinking she wants to realise for her students and the conditions for learning that she
will seek to create. Hannah wants to achieve change but she is aware of the enormity
of the divide between the value sets at play, i.e., her own and those of her students.

Achieving such change in student thinking is the paradigmatic assumption that
drives science teaching everywhere. Not all science teachers may be as overtly pas-
sionate or well informed about science as Hannah, nor would they so openly seek
student input as Hannah does with their students. As products themselves of an
outcomes-based education system, each teacher’s personal understandings of both
science knowledge and the nature of the endeavour may be very different. If we
accept the assumption that teachers seek to promote change in student thinking then
how these different perspectives shape science learning becomes an interesting con-
sideration. Hannah’s understanding of the nature of science informs her awareness
of the challenges associated with translating the curriculum, both the explicit and
implicit dimensions, to the contextual reality of her classroom. This suggests a level
of sophisticated thinking about science education that goes well beyond mastering
content knowledge.

How teacher values and understandings of science shape the quality of student
learning is not well considered as a significant factor in school-based science educa-
tion. Hannah represents a teacher with a broad and deep understanding of science
who is actively attempting to align her own thinking about science with both the
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curriculum and her students’ learning needs. In contrast, some science teachers may
hold a more limited understanding and therefore how they read and enact the cur-
riculum (Roberts, 1982) will align with their personal views, i.e., as a roadmap of
content which defines what needs to be achieved. This chapter seeks to explore the
relationship between the paradigmatic assumption for change in student thinking
and teacher values and beliefs about science, and consequently the implications for
science education. The chapter works from a perspective of critical reflection
(Brookfield, 1995) as a means of understanding how values are embedded within,
give meaning to and determine the routines which shape science education, in par-
ticular learning about science as a way of thinking and acting. By attempting to
learn more about how teachers understand science and how their beliefs and think-
ing shapes the kind of learning that students experience we can understand more
about why some teachers adopt particular routines, why these are accepted unques-
tionably and what conditions promote effective change in both teacher and student
thinking.

Understanding the relationship between teacher values and science learning
requires teachers themselves to undertake a critical stance to noticing existing trends
in their practice and a preparedness to expose the more deeply embedded prescrip-
tive and paradigmatic assumptions that drive their actions. Taking such a stance
requires particular conditions that not only support teachers to reflect on their per-
sonal and professional values but enable them to go further and consider how these
values influence the learning their students experience. In these instances, it is
important teachers confront the assumptions they hold about the epistemic values of
science, societal values, and the personal values of scientists, and how they as teach-
ers use such knowledge to make decisions about curriculum and teaching. We will
now outline some of the inherent challenges in this learning process.

The Challenge of Attaining a Shared Understanding About
the Nature of Science

What is often not clear to both teachers and particularly students is why an under-
standing of the nature of science is important. In other words, the reality of how
science is a powerful way of thinking and acting is not clear to many engaging in
science education. The indication of this lack of clarity is apparent when a person is
confronted with the question “What is science?” There is no one answer for this as
each response will be dependent on an individual’s past experiences and the views
generated based on those experiences. Rarely would a response encompass the
following:

Science embodies a way of thinking and acting, a knowledge-seeking enterprise that is
continuous and purposeful, generated by a need to understand, make sense of and commu-
nicate thinking about phenomena and experiences. In this context, science is a process of
human endeavour, a human attempt to create explanations for what is observed and experi-
enced; it is entrenched in human experience, reflects cultural diversity and is built upon
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individual perceptions and understandings. To this end it is a type of thinking which depends
upon the rigorous pursuit of evidence for validity of ideas and seeks to effectively commu-
nicate findings to a wider audience to establish a shared meaning and understanding.
(Corrigan & Smith, 2015, p. 102)

While the explicitly stated goal of school science, as evident in a wide range of
curriculum documents, may be to establish a shared set of values about the nature
of science like the one articulated above, such an outcome is not common and is
difficult to achieve.

All participants in the education process, teachers and students alike, bring to the
classroom many different ideas and practices based on their value positions about
science. For example, Corrigan and her colleagues (Corrigan et al., 2018) have
worked with preservice teachers (PSTs) to monitor their changed personal views of
the nature of science as they engage with authentic experiences of contemporary
sciences. The PSTs from the study acknowledged the impact that collaborative dis-
cussions about the Nature of Science (NoS) had on building their confidence and
ability to communicate a coherent and more contemporary view of science. Many
of the PSTs spoke of how their thinking and view of science had changed from one
in which they originally privileged understandings of science content to one with a
broader understanding of the processes by which science is undertaken. On recon-
ceptualising a personal view of NoS, the PSTs reported greater self-confidence in
constructing and justifying a personal coherent view of NoS and an improved abil-
ity and confidence in discussing and communicating NoS understandings across a
range of professional settings.

It is often assumed that everyone holds a shared understanding of what ‘science’
means. As discussed this is not the case. Hannah’s case above demonstrates, by the
reactions of both Hannah and her students, a differing view of science. Achieving a
shared understanding often presents a challenge for many teachers.

The Challenging Space Between Teacher Values
and External Expectations

To effect change in student thinking requires teachers to make decisions about what
matters, for their students, their teaching and the contextual reality of their teaching
experience. Such decisions are not based on issues of content but are more likely to
be framed by professional and personal values, personal experience and a personal
sense of adequacy. Even if curriculum documents intentionally position science as
a human endeavour and explicitly frame this understanding as critical to science
learning, many students experience a school science that is not framed in ways
which enable them to appreciate science as that which is entrenched in human expe-
rience. Nor do students come to see science as purposeful, or driven by an individ-
ual’s need to understand (Corrigan & Smith, 2015). Instead students, such as those
in the case above, often experience a ‘science’ at school that they believe represents
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a static body of ‘useless’ knowledge, detached from everyday life, irrelevant to their
needs and interests, uninviting and ultimately a waste of time and effort. Such rep-
resentations are inevitably influenced by teacher thinking.

Hargreaves (1994) argued that teachers do not merely deliver the curriculum,
they interpret, redefine and re-evaluate it too; it is what teachers think and what
teachers do that matters at the level of the classroom. Similarly, many of the teach-
ers in our research translated the curriculum, such as Hargreaves described, based
on a tension they experienced between their own sense of purpose as a teacher and
the demands of external expectations. Working within education systems that have
high demands for accountability, in particular short-term evidence of change, poten-
tially presents challenges for the work of science teachers. Allowing students to
experience the endeavour of science and the uncertainty that sits within the nature
of the enterprise requires time and opportunity for ongoing exploration and investi-
gation of a range of possible outcomes. The education system, through curriculum,
may indicate an expressed value of a particular perspective about the nature of sci-
ence but the constraints of time and the demands of short-term success which are
also imposed by the system creates conditions where it becomes unlikely that such
science learning will be achieved.

Many of the teachers in our research had entered the profession in order to be
accountable to their students, i.e., to make a difference to the lives of young people.
However, the accountability to a system that values statistical evidence of students’
learning and short-term improvements dominated their decisions as professional
teachers of science. For many teachers, balancing these accountabilities remained
an on-going tension throughout their careers, particularly when high-stakes testing
was part of their reality.

In summary, the intention of school science may be to enable students to develop
a capacity to see, act and think about the world in a sceptical, rigorous, engaging,
evidence-based and empowering way. This intention is in reality extremely prob-
lematic to achieve as teachers will inevitably respond to many of the complex
demands associated with science education in line with their personal values and
beliefs. The outcome is a lived experience for students that often intensifies their
diversity of views about the nature of science. Our research identified that such
experiences frequently nurture oppositional perspectives about the purpose and
value of science as evidenced in Hannah’s case above. It would be easy to dismiss
such diversity on the basis of teacher deficit but the reality is far more complex.
School curriculum by its very nature embodies political, economic and social values
by prioritising areas of learning. To be effective within any education system a
teacher must find ways to coexist within the values of the system itself. Teachers
may find that the science they value may not necessarily translate to be the science
their students get to experience.
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The Challenge of Developing Rich and Deep Understandings
of Science While Being a Product of an Outcomes-Based
Education System

As products of the system themselves, perhaps teacher thinking about the nature of
science has also been shaped by similar processes.

Teacher thinking is deeply embedded in each teacher’s personal experience.
Individual ideas and understandings about the nature of science have been devel-
oped when they as students worked within systems which traditionally valued the
reproduction of factual information as the best measure of a knowledge and under-
standing of science. For example, in Hannah’s case above, she describes “[t]he
‘Science for Life’ course is intended as an option for students who are undecided
about what they want to do in the future and as a consequence it just concentrates
on the fundamentals of the science curriculum” (Keating, 2013, p. 16). In this phrase
Hannah conveys her view that concentrating on the fundamentals of the science cur-
riculum will provide these students with options in terms of their future. Given the
students’ reactions, their experiences with many teachers across their educational
life does not appear to have encouraged these students to see science as creating
future options.

Teacher professional knowledge is intertwined with the nature of teaching itself
and entrenched within the contextual reality of their teaching situation. Teachers
trust what they know to be true and when working within a system that overtly val-
ues statistical evidence of student learning, teachers become as much a product of
the system structures and agencies to which they are accountable as do their stu-
dents. Perhaps for many teachers it is possible to effectively and easily align their
values with the requirements of the system in which they operate because these
values have been nurtured through a similar system and are by nature compatible.

Understanding More About Teacher Thinking and Values

The tensions between teachers’ values and classroom realities prompted us to
explore in more depth the often tacit and deeply held values teachers hold about
science and find ways to identify how these values underpin and shape their science
teaching and ultimately their students’ learning. ‘Conditions for learning’ (Smith,
2017) became a major consideration as this was inevitably going to be challenging
work for teachers. Therefore, consideration needed to be given to the conditions that
would support and actively encourage teachers to lay bare their personal values
while also feeling safe and confident. The experience of exploring personal values
was developed as an interactive session situated within a professional learning (PL)
programme. It was important that the design and approach used in the programme
overall actively encouraged teachers to acknowledge and attend to the personal val-
ues that drive their teaching. The session required teachers to be critically reflective,
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actively interrogating their own thinking and articulating their reasoning. The
research revolved around two key issues: Identifying the type of learning experience
that enabled teachers to identify and articulate the values they hold about the nature
of science, and understanding how such an experience enables teachers to see a con-
nection between their own understanding of science and the ways they represent
science in their classroom teaching.

Exploring Teacher Thinking About the Nature of Science: Key
Conditions for Professional Learning

The reflective experience needed to acknowledge that teacher thinking is always
inherently personal while situated within a system that is contextual and overtly
driven by external policies and expectations, where teachers often struggle with
notions of identity and success. While it was possible that enabling teachers to
expose their thinking could be an empowering way of assisting teachers to explore
their own professional knowledge in action, this research focus was also potentially
intimidating because many teachers could find it difficult to identify and articulate
their values about the nature of science and may not be comfortable with confront-
ing the limitations of their own thinking. Indeed, for some teachers there may be a
need to acknowledge that there are values underpinning science as many may see
science as value free. Therefore, three key elements became vital to the success of
this research: trust, time, and using interactive conversation as a prompt for critical
reflection.

Conditions for Learning: Trust

Any attempts at accessing teacher thinking required professional learning condi-
tions that were supportive and safe and this inevitably took time and was dependent
on establishing effective relationships between facilitators and teachers. Within safe
and supportive professional learning conditions, the approaches needed to deliber-
ately create a number of tensions for teachers—moments when they would feel
some degree of intellectual or emotional resistance to what they assume to be
accepted and shared understandings. These experiences were critical for uncovering
deeply personal thinking, and it was believed that in these moments it would be pos-
sible to gain an insight into teacher professional thinking. Therefore, the research
needed to be positioned within a professional learning programme that valued
diversity and followed an extended timeline and which placed strong emphasis on
facilitator-teacher relationships and ongoing support.
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Conditions for Learning: Time

Investing time to change the accepted routine of conversations, rethink the role of
the facilitator and provide challenging yet well supported learning experiences
became the focus of the values session. The session was designed to encourage
teachers to engage in critical interactive discussion so that they could articulate the
professional knowledge that shaped their practice. This required time and attention
to and acceptance of such thinking. In the contextual reality of prevailing school
activity, reflective collaboration becomes constrained by time and driven by the
requirement for collective, agreed outcomes. Extended time is rarely allocated for
teachers to examine their personal professional thinking in detail; instead such
thinking is often explained as ‘intuitive’ and an assumption follows that everyone
shares the same understandings. In these conditions, it becomes almost inevitable
that teachers work to find manageable and efficient ways to think and talk about
teaching, in particular (in this case) teaching science. Almost by default teacher talk
tends to focus on the tangible and technical aspects of teaching, that is, the practical-
ity of what teachers do. As a consequence, these conversations tend to become sys-
tematic, practiced and habitual (Smith, 2017). In the case of science teaching in
particular, when teachers can demonstrate they ‘know’ science through a capacity
to articulate and demonstrate science knowledge, the assumption is often that these
teachers think about the nature of science in similar ways. On this basis planning
and teaching is conducted without ever really examining the prevalence and validity
of individual views and beliefs. In our research approach allowing time for teacher
talk was considered a vital condition for the research process.

Conditions for Learning: Critical Reflection Leading to Social
Construction of Professional Knowledge

When professional thinking becomes routine and operational, by nature it cannot be
assumed to any longer be a process of critical reflection. Reflection is not by defini-
tion, critical. Brookfield (1995) contends that power underpins all aspects of class-
room learning and teaching and critical reflection seeks to understand more about
this power-based interplay. Critical reflection also questions the intentions and
validity of practices that have become routine in teaching. It was therefore essential
to create conditions in our research approach where it was far more likely that teach-
ers would undertake reflection that was critical and purposeful. Therefore, a valued
outcome needed to be framed: to collaboratively construct a shared understanding
of science. The learning experience by design required participating teachers to
clarify their ideas about the fundamental beliefs they hold about science and then
move to a group consensus. Conversations then needed to position individual values
within a social context of alternative perceptions. These conditions also produced a
different type of teacher talk to the very linear and process-orientated talk often
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present in most science professional development programmes. Often in such situ-
ations conversations tend to be one dimensional, focusing on the daily routines of
school and on the technical aspects of teaching practice. In our work, these conver-
sations needed to be challenged as this type of talk would potentially struggle to
peel back the layers of complex thinking about science that the teachers hold and
use every day in their teaching. One-dimensional interactions would be of little
assistance in enabling teachers to share personal values and then develop deeper
understandings of the nature of science. Conversations needed to enable teachers to
contrast and align their thinking with the ideas of others because it was in this pro-
cess of critical reflection that teachers would more likely realise how their perspec-
tives about science are personal and, in turn, how this thinking may shape the
various dimensions of their science teaching.

With these conditions in mind a ‘Values session’ was designed and implemented
within existing science professional learning programmes that attended to these
learning conditions. Consistent monitoring of these conditions was critical to the
intentions of the experience.

The Experience: Articulating Personal Values

The “Values session’ became situated within two key teacher professional learning
programmes: The Science Teaching and Learning (STaL) project, a collaborative
in-service teacher professional learning programme involving Monash University
and the Catholic Education Office Melbourne (CEOM), and the Professional
Learning in Primary Science (PLiPS) programme, developed for the Department of
Education and Early Childhood Development (DEECD) involving teachers work-
ing in government primary schools located across the state of Victoria in Australia.
Both programmes aimed to build teacher capacity as reflective practitioners in sci-
ence in an attempt to transform approaches to learning and teaching in science
within schools. Both programmes were also ongoing; STalL was a five day (2 + 2 +
1) intensive, residential course spaced across the school year and PLiPS was a three
day programme (2 + 1) with the final day taking place a short period of time after
the first two days. In both programmes, the programme design and implementation
facilitators worked to explicitly link their pedagogical purpose to the learning
approaches encouraged and teaching procedures adopted. In both programmes all
participants received ongoing in-school support; in STaL a ‘critical friend” engaged
teachers in school-based meetings throughout the programme, and in PLiPS ongo-
ing online support was available. In both programmes discussions promoted reflec-
tive thinking and supported the trialling of alternative approaches to science teaching
and learning. STal involved both primary and secondary teachers and PLiPS
involved only primary teachers. Given the need to attend to the conditions of trust,
time and critical reflection leading to the social construction of professional knowl-
edge, the design elements of both programmes provided ideal contexts in which to
explore teacher thinking about the nature of science. The ‘Values session’
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encouraged teachers to discuss and debate the validity of their ideas while pro-
gramme facilitators intentionally worked to create conditions where teachers felt
willing and confident to express and justify their views.

Part 1: Exploring Individual Thinking

In the “Values session’ each individual teacher was initially presented with a series
of 19 statements about the nature of science and how it could be performed. The
statements were all deliberately constructed to be highly value laden to intentionally
evoke strong opinions from the participants and were taken from Carrier’s (2001)
Test of Scientific Literacy developed in relation to Lederman’s (1992) seven charac-
teristics of the nature of science. These statements are listed in Table 1. We selected
19 of the 24 original statements as we felt the final set were accessible to teachers
working across both primary and secondary levels of education. Working individu-
ally, teacher participants examined the statements and classified them as either
‘true’ or ‘false’, and recorded individual responses.

At this stage, it was often observed across multiple sessions that teachers consid-
ered any pre-existing knowledge, experience and ideas to determine a personal view
about the accuracy and credibility of the statement under consideration. This first
stage of the task revealed a capacity of teachers to identify a personal position in
relation to a number of contentious statements about the nature of scientific work,
and confirmed our selection of statements as these decisions did not appear to be
dependent upon a sense of personal adequacy with science or qualifications or expe-
rience with science. Additionally, teachers’ language skills became important ways
in which they could temper their views around science, and particularly perceived
lack of confidence in science, as these language skills could provide an anchor for
their decision-making. For example, they focused on the word ‘must’ in the state-
ment ‘To be scientific one must conduct experiments’. All participants were able to
record individual decisions.

Part 2: Reaching a Group Consensus

The format of the session then required participants to form a group with four to five
other teachers to work together to reach a consensus of opinion about each state-
ment. This part of the task was designed to expose teachers to the ideas of others
who often provided alternative perspectives or understandings to that of their own.
Teachers were required to engage in open debate about the validity of each state-
ment. Reaching a group consensus was seen as an important step in encouraging
every participant’s voice and discouraging the acceptance of the “loudest” voice.
The outcomes were recorded as a group response. At this stage in the session a new
option was made available, ‘Undecided’. This option enabled the group to record an
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Table 1 Value statements about the nature of science

Statement True | False | Undecided
1. Scientists usually expect an experiment to turn out a certain way.

2. Science only produces tentative conclusions that can change.

3. Science has one uniform way of conducting research called “the
scientific method.”

4. Scientific theories are explanations and not facts.

5. When being scientific one must have faith only in what is justified
by empirical evidence.

6. Science is just about the facts, not human interpretations of them.

7. To be scientific one must conduct experiments.

8. Scientific theories only change when new information becomes
available.

9. Scientists manipulate their experiments to produce particular
results.

10. Science proves facts true in a way that is definitive and final.

11. An experiment can prove a theory true.

12. Science is partly based on beliefs, assumptions, and the
non-observable.

13. Imagination and creativity are used in all stages of scientific
investigations.

14. Scientific theories are just ideas about how something works.

15. Scientists’ education, background, opinions, disciplinary focus,
and basic guiding assumptions and philosophies influence their
perceptions and interpretation of the available data.

16. An accepted scientific theory is an hypothesis that has been
confirmed by considerable evidence and has endured all attempts to
disprove it

17. Scientists invent explanations, models or theoretical entities.

18. Scientists construct theories to guide further research.

19. Scientists accept the existence of theoretical entities that have
never been directly observed.

outcome if a consensus was unable to be reached. In every session teachers were
observed openly articulating their personal decisions about each statement and
explaining their positions. Participants listened to alternative perspectives and dis-
cussed and acknowledged thinking and evidence that was similar to their own and
interrogated new or alternative positions. Teachers explicitly demonstrated personal
levels of comfort or discomfort with ideas being expressed and this was indicated
by volume and tone of voice and body language.

The reasoning shared was sometimes personal and often involved reflections on
their own teaching and their own learning. It revealed the capacity of teachers to use
new information to re-examine the validity of personal ideas and also the capacity
to use group comments to determine where personal thinking was positioned in
relation to the group’s overall preference. It was at this stage that teachers were
given permission to potentially construct new ideas, i.e., move away from initial
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thinking, and this revealed a willingness or resistance to accommodate different
ways of thinking about science. The level of commitment teachers demonstrated to
their initial ideas appeared to correspond with the extent to which these ideas repre-
sented or reflected their science teaching practice, i.e., if a statement aligned with
their teaching practice there was a professional investment worth defending. These
statements and the ensuing discussions appeared to bring to the surface deeply held
values embodied in the connection between ways of understanding the nature of
science and perceptions of personal professional identity.

Each group’s results were recorded to provide an overall tally of whole cohort’s
responses. An example of one cohort’s (n = 5 groups, where each group was made
up of 6 people) responses from STaL is provided in Table 2 below. While the test
developed by Carrier (2001) provided ‘correct’ answers, the intent in this session
was to use the results as prompts for further discussion. In every session, the simi-
larities and differences of responses were explored and discussion was promoted
across the cohort to identify the arguments and thinking used when determining the
validity of the statements. At this stage in the session, the underlying values driving
selected responses were identified and articulated by participant teachers. For exam-
ple, Statement 14 (Scientific theories are just ideas about how something works)
produced responses of undecided, true and false. Groups then provided insights as
to why their group responded in those particular ways.

In the STaL programme many of these values were captured in teacher case writ-
ing, which was a valued outcome of the programme. All teacher participants pro-
duced a written case capturing moments of practice when they began to think about
their science teaching differently and the impact this had on their teaching practice,
of which Hannah’s is an example. Over 200 cases have been produced to date as a
result of the STaLL programme. This rich data set has been analysed and categorised
to develop an understanding of the range of issues that are prominent among school-
based science educators, prevalence of these issues across various cohorts of partici-
pants, and changes in teacher thinking about these issues that occurred as a result of
their experiences in the STaLL programme. For further information about these data
see Loughran and Smith (2015).

Table 2 2013 STaL cohort’s responses to NoS Statements (n=5)

Gp | Statements

1 /2 (3 4 /5 6 7 /8 |9 |10 1l 12 |13 |14 |15 |16 |17 |18 |19
A T |U F U|F F|F /U U F T |T T |U |T T |T T T
B |F |T |F T F F F,|T |T |F T T |T |U |T |[T T T |T
¢ v ,|T F|T)|T |F|F /T T |F T |T |[F |T T T |U U |T
p T T |F|T U |F F|F U|F U |T T T |T T T T |T
E /T T T|T |F F|F /T T |F U |T |F |[F T T |T T |T

ENTER TRUE=T, FALSE= F, UNDECIDED = U
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Representations of the Nature of Science in Teacher Writing

It was possible through analysis of these cases to identify teachers’ views of the
nature of science evident in descriptions of their science teaching practice. When
teachers wrote about their science teaching their comments often outlined dilemmas
they experienced, and while these statements did not always specifically outline
how a teacher defined their understanding of the nature of science, the expectations
teachers conveyed about their own teaching practice framed a purpose for teaching
science. This purpose in turn conveyed some very interesting information about
their intentions for student learning and the models of thinking they valued in sci-
ence teaching and that they openly represented through their teaching practice.

When examining cases the emergence of repeated themes contributed to the
development of a continuum of teacher thinking about the nature of science teach-
ing. This thinking is captured as a continuum of thinking in Table 3. A very deper-
sonalised view of science frames teacher thinking and actions on one side of the
continuum moving towards a highly-personalised view of science. This shift in
thinking also indicates a shift in the power base of learning and teaching from that
of teacher to a shared ownership of all involved in the learning process. Both
extremes are represented in the ways teachers talk about teaching science. In these
cases, the shift in thinking and practice was reliant upon teachers engaging in a
process of critical reflection within a supportive learning environment. Regardless
of where teachers are located on these continua, time is of crucial importance.

When reviewing the data from teachers’ case writing two strongly opposing
views about the intention of science teaching and student learning framed the major-
ity of teacher reflections. For many teachers their initial thinking prior to participat-
ing in the STaL programme was best represented in a view that saw science teaching
intending to move student thinking from naive to the ‘right’ or accepted answer.
Following participation in the programme, for many teachers this thinking shifted to
enabling students to construct understanding of accepted explanations, i.e., experi-
ence the rigours of the social construction of knowledge. This thinking appeared to
be more in line with the nature of science as a human endeavour. Teachers’ reflec-
tions conveyed this change in thinking and such change is captured in the following
case excerpt.

In a crowded curriculum, the covering of content before tests and exams was the ultimate
goal of both students and teachers.... this is not to say that the curriculum was bad, or that
students did not learn.... What was missing, however, was an appreciation by students that
Science was more than just a body of content knowledge to be memorized from a text book.
The Science curriculum at Year 10 gave very little time to undertaking ‘student inquiry’ and
the few prac experiments that were carried out were so rushed that they amounted to little
more than scripted recipes for the students to follow. The challenge was to embed a culture
of critical, scientific thinking into a heavily teacher centred, traditional curriculum. (Bell,
2013, p. 29)
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Conclusion

It is undeniable that students often leave their years of school science with little
appreciation of science as a way of thinking and acting that is entrenched in human
experience, a purposeful and continuous knowledge-seeking enterprise driven by a
need to understand. It is also undeniable that teachers possess a diverse range of
understandings about the nature of science. It is the values which shape these per-
ceptions that often determine what ‘play outs’ to become the ‘science’ students
experience at school.

The decisions teachers make about how they frame science education are com-
plex and are influenced by the many demands and expectations of the systems
within which they work and also their own knowledge and experience. Changing
school-based representations of science is challenging. The greatest challenge is
finding ways to empower teachers to notice the values they hold while supporting
teachers to consider how these values both sit within the requirements of their work
as science teachers and shape their approaches to science teaching in ways that
influence student learning. If done effectively this thinking can be explicated and
shared collectively in ways that potentially enable teachers to develop broader
understandings, and a deeper and more accurate conceptualisation of the human-
ness of science. The “Values session’ achieved the conditions necessary to enable
such critical reflection and the social construction of professional knowledge.
Teachers were able to use knowledge gained from this collective experience to
shape their practice and as a result many were better equipped to find ways to
enhance a richer student understanding of the nature of science as a human
endeavour.

A Final Comment

Many readers of this chapter would be wondering—so what happened to Hannah?
While Hannah’s story is intriguing, its real value lies in the contribution it has made
to our research in building an overall understanding of the complexities associated
with teaching science. One insight may be revealed in one final comment Hannah
included in her case:

I was no longer hearing any of the usual, “T hate science!” In fact I was hearing more things
like, “That’s actually pretty cool.” What a turn around, well it was at least a good start.
(Keating, 2013, p. 17)
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