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Several literature sources discuss the importance of nature of science (NOS) understanding and how having an
understanding is central to being a scientifically literate citizen. As a result, developing NOS understanding is
one of the most commonly stated objectives for science education. Acquiring views on NOS has been a prominent
feature of research in this area since the 1960s. The following article provides a proof of concept for the
transformation of a theoretical framework into a practical assessment tool (worksheet). The reconceptualized
family resemblance approach to NOS is a theoretical framing of NOS which describes components of science in
terms of categories subsumed under epistemic, cognitive and social systems. The aim is to explore its potential
for use in science education and demonstrate its functionality so as to collect data on pre-service teachers’
understanding of NOS and substantiate what can be achieved through its application. The designed assessment
tool has many purposes and in this case it was used in a pre-, post-, and delayed-post methodology to investigate
pre-service teachers’ understanding of NOS following participation in NOS themed workshops. Implications for
science teacher education will be discussed.

Keywords: nature of science, pre-service science teacher education, assessment

INTRODUCTION

The paper presents an assessment tool that was developed
as part of a study conducted with pre-service teachers (PSTs)
in Ireland following the introduction of ‘nature of science’
(NOS) to the science curriculum. This was the first time that
such ideas would be explicitly included and taught in Irish
science education. Therefore, would need support to develop
their understanding as they would be teaching the curriculum
in their practicum. Unique to this study was that the
workshops were designed around a NOS theoretical framework
called the reconceptualized family resemblance approach to NOS
(RFN) (Erduran & Dagher, 2014). For several years, the
dominant mode of NOS instruction drew on a view commonly
known as the consensus view (Lederman, 1992). However,
researchers in the field have voiced concerns about the model,
which presents a set of tenets, as being limited and the need
for a more inclusive and comprehensive framework (Hodson &
Wong, 2017). The RFN model was created to address some of
the criticisms of other models, and as such was designed to
include pedagogic ideas and heuristics for teaching about the

NOS. The categories in the model each were used to design the
assessment so to produce a tool that would be expansive of
collecting participants’ ideas of NOS. At the time of the study,
the RFN model was new and to date it has served a variety of
purposes such as an analytical tool in curriculum analysis
(Caramaschi et al., 2022; Cheung, 2020; Yeh et al., 2019),
research with PSTs (Erduran et al., 2021; Kaya et al., 2019;
Kelly & Erduran, 2018), and ideas from the framework were
used in purposely designed workshops to inform in-service
teachers views about the nature of scientific methods
(Cullinane & Erduran, 2022; Cullinane et al., 2022; Wooding et
al, 2020). Erduran et al. (2019) outline how the framework
produced studies to show how it is successful for engaging
teachers with NOS ideas.

This study designed unique activities that were particularly
focused on objectives which unpacked features of the
categories from the framework. The workshops were designed
to help PSTs’ understanding with not only NOS content
knowledge but how to incorporate NOS into their teaching and
assessment. To investigate the effectiveness of the model to
support understanding of NOS, an assessment tool was
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developed that was provide with the name R-NOS where the R
represents the reconceptualized family resemblance approach. It
is used as a proof of concept to investigate the feasibility of the
tool for gathering mainly qualitative views from participants
and evaluate the influence of the workshops on the PSTs’
understanding of NOS following participation in the voluntary
workshops. The article will present the R-NOS questionnaire
and its effectiveness for uncovering PSTs understanding of
NOS. As this draw from case study research, it was used to gain
insights from four PSTs who completed the assessment before
and follow participation in RFN workshops.

REVIEW OF LITERATURE

Nature of Science and Science Education

NOS in curricula has been justified and implored through
multiple literature sources throughout the years. Each source
outlines how having an adequate understanding of the NOS is
central to scientific literacy (Abd-El-Khalick et al., 1998;
Conant, 1961; Duschl, 1990; Gray & Fouad, 2019; Kimball,
1967). Despite decades of calls for its inclusion, it is only in
recent years that curriculum developers have started to
incorporate NOS explicitly in core content such as those in
New Zealand curriculum (NCEA), the USA (NGSS), and Ireland
(NCAA). As a result, education and resources for teachers are
essential goals for teacher education providers. Teaching NOS
has been advocated for its benefits in potentially achieving
scientific literacy, such as enhancing students’ understanding
of scientific ideas and processes, informed decision-making,
responsible citizenship (Driver et al., 1998).

NOS refers to various epistemic and social aspects of
scientific knowledge and practices (Erduran & Dagher, 2014)
as well as the history, sociology and philosophy of science. It
can be defined as how science works, includes its aims and
values, the methods and practices used to produce scientific
information and knowledge. A set of tenets commonly referred
to as the consensus view have been established as the dominant
mode for instruction, characterizes NOS as essential features
of science, such as tentativeness of scientific knowledge
(Lederman, 1992; Lederman et al., 2002). For the last three
decades, the NOS tenets have largely been used but now are
seen as problematic and oversimplify NOS, to the extent that
they significantly misrepresent the NOS (Hodson & Wong,
2017). New perspectives that have emerged in recent times
include the ‘whole science’ by Allchin (2011), ‘features of
science’ by Matthews (2012), ‘the family resemblance
approach’ (FRA) by Irzik and Nola (2011), and ‘the
reconceptualized family resemblance approach to NOS’ (RFN)
by Erduran and Dagher (2014). The latter is the focus of the
study and the following section will describe the model which
transitions away from the consensus view to present science as
a cognitive-epistemic and social-institutional system. Erduran
et al. (2019, p. 312) outline how RFN embodies a set of aims
and values, practices, methodologies, and social norms that
are worthy of inclusion in the science curriculum as shown in
Figure 1.

The model is based on a theoretical rationale proposed by
philosophers of science, Irzik and Nola (2011) whose work is
based on that of Wittgenstein. The idea of the family
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Figure 1. FRA wheel, a generative image of science as a
cognitive-epistemic and social-institutional system (Erduran
& Dagher, 2014, p. 28)

resemblance is based on the understanding that all disciplines
of science share certain characteristics, none of which can
define science or detach it from other disciplines (Erduran et
al., 2019). As such the perspective provides a coherent
approach to capturing domain-general and domain-specific
aspects of NOS by highlighting the similarities and unique
differences between various sciences (Erduran & Dagher,
2014). It now has practical adaptations for teacher education
and science education-related studies (e.g., Cheung, 2020;
Cullinane, 2018; Erduran et al., 2021; Kaya et al., 2019;
Petersen et al., 2020), and other natural science subjects
(Puttick & Cullinane, 2021).

The cognitive-epistemic categories make up the center disc
(i) methods, (ii) practices, (iii) knowledge, and (iv) aims and
values. There were seven categories in the outer discs social
institutional aspect that broadly examine (v) scientific ethos,
(vi) social certification and dissemination, (vii) social values,
(viii) professional activities, (ix) social organizations and
interactions, (x) financial systems, and (xi) political power
structures. The following article contributes to the academic
literature, and demonstrate how a worksheet can be produced
around the framework. Table 1 outlines the categories in
greater detail.

A Historical Account of NOS Assessment Instruments

Several instruments have been designed to establish NOS
views using a variety of perspectives over the last half-century.
The first recognized assessments to investigate concepts of
NOS began to appear around the 1960s. One of the first
acclaimed instruments developed in the early 1960s for use
with senior high school pupils was the test on understanding
science or TOUS (Cooley & Klopfer, 1961). TOUS was shown to
be highly valid in the science education research community
at the time. It consisted of four alternative 60-item multiple-
choice test items, where respondents obtained an “overall” or
“general” score, as well as three-subscale scores. The three
subscale scores were (i) understanding about the scientific
enterprise (ii) the scientist, and (iii) the methods and aims of
science. TOUS was championed for providing a platform for
many other instruments such as NOS scale (NOSS) (Kimball,
1967). As research in the area of NOS conceptions progressed,
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Table 1. FRA categories by Erduran and Dagher (2014)

Cognitive-  Aims & values The scientific enterprise is underpinned by adherence to a set of values that guide scientific practices. These
epistemic aims & values are often implicit & they may include accuracy, objectivity, consistency, skepticism,

system rationality, simplicity, empirical adequacy, prediction, testability, novelty, fruitfulness, commitment to
aspects logic, viability, & explanatory power.

Scientific practices The scientific enterprise encompasses a wide range of cognitive, epistemic, & discursive practices. Scientific
practices such as observation, classification, & experimentation utilize a variety of methods to gather
observational, historical, or experimental data. Cognitive practices such as explaining, modelling, &
predicting, are closely linked to discursive practices involving argumentation & reasoning.

Methods & Scientists engage in disciplined inquiry by utilizing a variety of observational, investigative, & analytical

methodological methods to generate reliable evidence & construct theories, laws, & models in a given science discipline,

rules which are guided by particular methodological rules. Scientific methods are revisionary in nature, with
different methods producing different forms of evidence, leading to clearer underst &ings & more coherent
explanations of scientific phenomena.

Scientific Theories, laws, & models (TLM) are interrelated products of the scientific enterprise that generate and/or

knowledge validate scientific knowledge & provide logical & consistent explanations to develop scientific underst&ing.
Scientific knowledge is holistic & relational, & TLM are conceptualized as a coherent network, not as
discrete & disconnected fragments of knowledge.

Social- Professional Scientists engage in a number of professional activities to enable them to communicate their research,
institutional activities including conference attendance & presentation, writing manuscripts for peer-reviewed journals, reviewing
system papers, developing grant proposals, & securing funding.

aspects Scientific ethos Scientists are expected to abide by a set of norms both within their own work & during their interactions

with colleagues & scientists from other institutions. These norms may include organized skepticism,
universalism, communalism & disinterestedness, freedom & openness, intellectual honesty, respect for
research subjects, & respect for the environment.

Social certification By presenting their work at conferences & writing manuscripts for peer-reviewed journals, scientists’ work

& dissemination

is reviewed & critically evaluated by their peers. This form of social quality control aids in the validation of

new scientific knowledge by the broader scientific community.

Social values of

The scientific enterprise embodies various social values including social utility, respecting the environment,

science freedom, decentralizing power, honesty, addressing human needs, & equality of intellectual authority.
Social Science is socially organized in various institutions including universities & research centers. The nature of
organizations &  social interactions among members of a research team working on different projects is governed by an
interactions organizational hierarchy. In a wider organizational context, the institute of science has been linked to

industry & the defense force.

Political power
structures
communities, or cultures.

The scientific enterprise operates within a political environment that imposes its own values & interests.
Science is not universal, & the outcomes of science are not always beneficial for individuals, groups,

Financial systems

The scientific enterprise is mediated by economic factors. Scientists require funding in order to carry out

their work, & state- & national-level governing bodies provide significant levels of funding to universities &
research centers. As such, these organizations have an influence on the types of scientific research funded &

ultimately conducted.

instruments transitioned from closed-end forced choice to
open-ended qualitative questions, such as the views on NOS
survey (VNOS).

Although initially developed to assess high school pupils’
views of the tentative NOS, it now has multiple versions for all
education level. VNOS instruments receive criticism for their
lack of support in helping participants answer the questions.
The underlying topic is theoretically broad, and as a result, the
instruments provided little support to participants in
answering. Challenges arose in analyzing the responses as
participants often misconstrued the questions due to the
highly conceptual nature of the items (Akerson et al, 2000;
Lederman & Abd-El-Khalick, 1998; Lederman et al.,1998).
Criticism of the VNOS instrument relates to declarative
knowledge of NOS and probes several explicit declarative
tenets about NOS. To which Allchin (2011) suggests the
educational aim should be to assess and investigate if higher-
level thinking skills are fostered and achieved. Other
contemporary instruments that have been developed,
including views on science and education questionnaire
(VOSE) (Chen, 2006), views of scientific inquiry (VOSI)
(Schwartz et al., 2008), and student understanding of science

and science inquiry (SUSSI) (Liang et al., 2008). The SUSSI
instrument, although not exhaustive, is founded on well-
established NOS ideas. Its focus is narrower than those views
presented in RFN. They do include ideas of the tentative nature
of knowledge, laws vs theories, subjectivity, social and cultural
influences, collaboration, scientific methods, creativity, and
methodological naturalism. This instrument has been used in
studies that utilized the RFN framework (Petersen et al., 2020),
and although useful, these instruments were not based on the
RFN model.

Another framework, the nature of scientific inquiry (NOSI)
fuses the VASI instrument, which is shown to be a valid and
reliable instrument for assessing NOSI aspects. The VNOS and
VASI are based on two different frameworks—one the nature of
scientific knowledge, and the other the nature of scientific
inquiry—, which aligns with the broad RFN framework, but was
two separate instruments. However, these previous
instruments were consulted, and some ideas advanced the
development of the worksheet produced here. One instrument
to have emerged not based on the consensus view is the RFN
survey, which is based on the RFN perspective. However, at the
time of the study, the RFN instrument was not yet developed.
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However, some years later, Kaya et al. (2019) developed the
quantitative 70-item 5-Likert scale questionnaire, and it was a
forced choice inventory instrument. It aims to establish
respondents understanding of five of the main categories from
the RFN framework. Due to its quantitative nature, the
instrument allows limited opportunities for respondents to
reason their answers.

Searches of the most up-to-date literature show studies
that examine views of NOS continue to use the VNOS or SUSSI
instruments (Bilican, 2018; Cofré et al., 2019; Gray & Fouad,
2019; Petersen et al., 2020). Many in the scientific education
community continue to use the VNOS instrument to garner
NOS views. Multiple versions of VNOS now exist, ranging from
six to ten questions and have been modified for use at all
educational levels (Abd-El-Khalick et al., 1998). Testing
instruments from the RFN perspective was currently limited.
Although science educators have transformed RFN, its
empirical adaptations are only now emerging in science
education research (Kaya et al., 2019). The unique contribution
of this article is to add to the growing body of literature and
empirical adaptations of the RFN framework.

The R-NOS worksheet presented (see Appendix A) was
designed for multiple purposes (summative and formative
assessment) and was used in this study to gather PSTs NOS
views. It was administered before, after and several months
following participation in workshops designed to introduce
them to NOS ideas. The worksheet was designed to gather
qualitative responses but also lends itself to mixed methods
approaches by being able to draw some descriptive statistics
from the data collected. A scoring rubric was developed so that
responses provided were given a number depending on the
depth of understanding shown in the responses (see Appendix
B for the scoring rubric). A more detailed discussion of the
scoring rubric is provided later. The qualitative nature of the
worksheet enabled the development of rich data that
illustrates how PSTs developed their understanding. The
following section outlines a historical account of previous NOS
testing instruments. The research was conducted with a small
sample of PSTs in a four-year bachelor of science education
course in the Republic of Ireland over the calendar year of
2016.

STUDY DESIGN AND SAMPLE

The research employed case study methodology which
applied an interpretive approach. The PSTs were invited to
attend seven workshops designed with the RFN framework.
The pre-worksheet was used to establish the PSTs baseline
understanding of NOS before participating in the workshops;
the post-worksheet determined how their understanding
changed following the workshops, and the delayed-post
worksheet examined to what extent they retained their
understanding several months following the workshops. The
sample included four female PSTs with specialisms in biology
and chemistry, and were all 21 years old. The pseudonyms
Rayanne, Hilary, Felicity and Octavia are used for the
participants to keep them anonymous.

The following section outlines the methodology used to
develop the questions for the worksheet and the justification

for the designed items for the R-NOS worksheet. As well as a
“testing” instrument, the worksheet was to facilitate reflection,
as developing students’ reflective thinking skills can facilitate
understanding, support conceptual change, and foster critical
evaluation and knowledge transfer (Antonio, 2020). The items
developed were based on the RFN categories, which formed the
basis of the workshops attended by the PSTs and capture what
influence the workshops had on their understanding. The
worksheet consisted of nine questions, each with individual
sub-questions. It presents a proof of concept to investigate if
using the RFN theoretical framework can be transformed for
practical purposes, to gather views of NOS effectively.

R-NOS Question Development
Question 1: Philosophical perspectives

Research on PSTs worldviews has rarely been
systematically related to views on NOS, and so this question
was designed as a proof of concept to investigate if their
philosophical perspectives changed throughout the study.
Respondents were asked to select a view that most closely
aligned with their own world view. Three perspectives that
offered distinct views on the philosophy of science were
presented These considered some of the significant
philosophers of science; constructivism (Kuhn), positivism
(Comte), and relativism (Plato). In future studies we see other
researchers being able to add more views that can capture a
wider diversity of philosophical perspectives.

Question 2: Aims and values

The opening statement highlights how scientists have
particular aims they want to achieve and various values to
which they much adhere. Following this opening statement,
seven statements were presented, which were designed around
ideas presented by Erduran and Dagher (2014, p. 52). The
participants were asked to select their level of agreement with
the statements. The statement related to well-substantiated
issues in science such as bias, political allegiance, honesty,
consilience, accuracy, and objectivity (Cooley & Klopfer, 1961;
Kuhn, 1962). It included ideas like politics and funding
impacting on scientific aims and values (Allchin, 2011). The
questions used Likert scales, where the PSTs had to select their
level of agreement with each statement. Participants could
provide additional free-response comments under each
statement to justify their answers.

Question 3: Scientific knowledge

The question contained four sections, where each section
uncovered thinking about theories, laws and models and
pseudoscience. The first part of the question presented four
images which represented theories, laws and models and
pseudoscience. It asked to identify which image was not a form
of scientific knowledge. The labels did not identify that the
images signified a particular form of scientific knowledge. The
next part asked participants to explain why they felt the
images did not illustrate examples of scientific knowledge and
provided with space for their free responses and eliminated the
possibility of forced-choice responses. Participants were asked
to explain why they felt the other images were examples of
scientific knowledge. It aimed to examine to what extent the
workshops influenced their use of terminology to describe the
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different knowledge aspects. The last question in this section
asked the participants to explain if the images were
representing similar or different forms of scientific knowledge.

Question 4: Scientific practices

The question sought to assess the participants’ views
relating to the aspect of scientific practices. The participants
were asked to indicate which statements best characterized the
practices of biologists, chemists and physicists (Erduran &
Dagher, 2014). The question demonstrates domain-specific
aspects that assesses any held misconceptions that biologist,
chemists, physicists perform different activities. The choices
include experimenting, observing the world for interpretation,
classifying data to produce scientific knowledge,
disseminating research findings through conferences and
journals, discussing and debating data. The unique
contribution of the question is the domain-specificity aspect it
presents.

Question 5: Science in social-institutional systems

This question targets science as a social-institutional
system and features five images that represented race,
nationality, gender, politics and religion, respectively. The
workshops drew on both contemporary and historical aspects
as well as science as a way of knowing. Many of our historical
heroes, or key characters that are used regularly to teach about
science and NOS, will have held views that are wrong,
abhorrent and incompatible with today’s views. (Stepan,
1982).

Question 6: Scientific knowledge

This question investigated the participants’ perceptions of
scientific models by asking them to indicate which of the six
images represented scientific models. The images were
carefully chosen to target the various types of models
discussed in the RFN framework (Erduran & Dagher, 2014, p.
118). The first image of the cell represented a conceptual
model, the skeleton image represents a scalar model, the
chemical reaction was a symbolic model, and the
mathematical equation is a mathematical model often used in
science, particularly physics. The solar system was also a scalar
model and was used to show the diversity of scalar models. The
image of the atom was used to represent a theoretical model to
represent a theoretical concept (Justi & Gilbert, 2000).
Participants indicated why they believed that any image does
not represent a scientific model. Similar to question four, the
unique offering of this question is the domain-specific
opportunities. Adaptations to the images can be made
depending on the audience.

Question 7: Scientific knowledge

Three statements assess the understanding of the
differences between theories and laws and the tentative nature
of scientific knowledge. The questions sought to investigate
participants understanding of theories and laws and the
common misconception relating to theories turning into laws.
A popular high school biology textbook was used to develop
the statement (O’Callaghan, 2003, p. 2),

“our knowledge is always changing. When a theory has
stood the test of time and is shown to be valid under all

conditions that can be tested, it may be given the status
of alaw.”

The other statements similarly presented ideas on theories
and laws changing or not changing. The participants were
allowed to select more than one statement if they felt another
also statement aligned with their views but were to explain
why they represented their views.

Question 8: Methods and methodological rules

This question addressed the myth of the scientific method
and asked participants to select between two images and
subsequent statements. The first statement discussed the non-
linear process of science and how science is conducted in a
variety of ways and stated that science is not a linear process
and is conducted in a variety of ways. Accompanying the
statements was an image of two minds with various thought
processes to represent the dynamic work of scientists’
methods. The second statement discusses the linear process of
the scientific method shown in many school textbooks. This
statement is accompanied by the image of the typical scientific
method (image: Erduran & Dagher, 2014, p. 94). The statement
stated

“science is a linear process and is conducted through
the scientific method; the process that is used by
scientists for testing ideas and theories by using
experiments and the formulation and surveying of
hypotheses (Erduran & Dagher, 2014, p. 94).

The participants were to explain their selected choices.
Question 9: Methods and methodological rules

Question nine also targeted the aspects of methods by
looking at the variety of methods and approaches scientists
use to conduct science investigations and produce new
scientific knowledge. It showcases four types of observational
and experimental methods where examples were devised using
ideas from the RFN framework in the table entitled “types of
observational and experimental methods” by Brandon (1994).
It outlines how scientific investigations can vary in their
nature such as experimentation and observation. These
related to whether or not the method involves (a)
manipulation or (b) hypothesis surveying or a combination of
these approaches (Brandon, 1994). The following questions
were developed to investigate how the PSTs saw different
methods scientists use in their inquiries. The unique feature
was the reasoning the participants had to undertake to match
the four example scientific approaches to an explanation of
these approaches. The example approaches represented the
explanation to that approach accurately. The unique offering
of this question is the argumentation and reasoning
opportunities it affords by providing two options to reason
their views. Previous instruments do not offer scaffolds for
participants to grapple with these ideas to present a coherent
response.

Question 10: Change in views

Question ten appeared only on the delayed post-
worksheet. It investigated if teaching practice influenced their
views since undertaking the workshops and investigate if they
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Table 2. Scoring rubric for responses provided to questions on the R-NOS worksheet

Score 0 1

2 3

Description No response/incorrect view of NOS Naive or emerging view of NOS Transitional/developing view of NOS Informed view of NOS

Table 3. *Percentage agreement between raters scoring a pre and post worksheets

Rater 1 (% agreement)

Rater 2 (% agreement) Rater 3 (% agreement)

Total number of items scored (N=22)

Pre Post Pre Post Pre Post
No. of matched scores 16 17 18 21 18 21
Percentage agreement 72% 77% 81% 95% 81% 95%
Average percentage agreement 83.5%

were involved in any professional development while on
school placement. A confidence scale rating was included
where the participants had to rate their confidence in the
answers they provided.

Scoring Rubric

To afford some descriptive statistics, a scoring rubric was
developed. The authors recognize how the articulation of NOS
understanding falls on a continuum and so categories were
produced to allow for the classification of responses as
incorrect, naive, developing and informed. Zero indicated that
if there was no response, or a response was deemed as an
incorrect view was provided with a zero. A score of one was
awarded to responses that were classed as naive. A score of two
was awarded for responses deemed to be “developing” or
“transitioning”, and a score of three was awarded for responses
deemed to be informed views of NOS. The rubric outlined
suggested responses expected at each level. Table 2 details
suggested responses in the rubric, which range from generic
suggestions to specific instructions about terminology, as well
as ideas for assessment.

Developing the Worksheet

To show how it could work as a proof of concept, the
worksheet underwent content validity. It was provided to eight
other educational researchers, whom were familiar with NOS
and had expertise in educational research and questionnaire
design (Andrew & Halcomb, 2009). They were asked to review
the worksheet in light of their expertise and assess the format.
Amendments were made in light of their feedback. Before the
worksheet was used in the study, it was piloted with
undergraduate students who were undertaking a science
course. As the study used qualitative approaches that used
interpretive validity (Maxwell, 1992, p. 292), the necessity for
statistical confirmation usually required for quantitative
validity is not necessary for this instance. Several statistical
experts were consulted at this stage to seek advice on
statistical tests that could be carried out. All noted that due to
the small sample size there were no reliable test that could be
performed to gain a significant result. Therefore, percentage
agreement and descriptive statistics were presented to
demonstrate proof-of-concept (Miles & Huberman, 1994).
Further validation of the instrument was implemented with
the application of the scoring rubric. In order to investigate the
validity of the rubric and negate interpretation bias, a
participant’s worksheet was provided along with the scoring
rubric to three other researchers familiar with the RFN
framework. They used the rubric to score the worksheets, and
their scores were compared against the authors, and the

percentage agreement was obtained. Although the survey
contained nine distinct questions, some of these contained
parts that were scored with the rubric. When the raters’ scores
matched, it was given a zero. The total number of zeros were
counted and put over the total number of items (n=22) and
multiplied by 100, to get the percentage. Percentage
agreement is often used in qualitative research when the
number of analyzed items or observed situations are few,
making statistical analysis with computer-aided software
complicated (Boyatzis, 1998). The average percentage
agreement was calculated to be 83.5%. Miles and Huberman
(1994) suggest that above 80% agreement is a good indicator
for reasonable reliability. Therefore, the results obtained in
this study would suggest the worksheet and scoring rubric have
a high level of reliability. See Table 3 for results.

RESULTS

The following section will outline the results that emerged
from the analysis. The qualitative findings used the RFN
framework as an analytical lens. The identification of patterns
in the data involved an inductive process, which was grounded
in interpretations of data captured by the worksheet. The
quantitative findings presented in Figure 2 are the PSTs’
scores obtained on the pre, post and delayed post-worksheet.
Figure 2 illustrates the increased scores following the
workshops and how their understanding changed with each
administration. The results indicate that before undertaking
the workshops, Hilary had a higher level of understanding. The
post and delayed-post-worksheet indicate these views
increased for all PSTs. Rayanne improved most from the pre to
the post-worksheet, but she did not undertake the delayed-
post worksheet.

Qualitative Findings

The following section presents some of the main areas
where the PSTs showed shifts in their understanding.
Qualitative responses in the worksheet will be used to support
purposed findings and illustrate the utility of the worksheet in
capturing aspects of participant understanding. The PSTs
illustrated a change in their understanding in methods, social
aspects of science, knowledge, particularly understanding
theories, laws and models. The worksheet was useful in
diagnosing the PSTs need for further engagement with the
knowledge category.
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R-NOS PRE, Post and Delayed-Post Scores
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Figure 2. Scores obtained by the PSTs on the pre-, post-, and delayed-post worksheets

Understanding scientific methods

The responses would suggest following participation the
PSTs had a better understanding of the different types of
methods available to scientists. Before undertaking the
workshops, the PSTs believed that science was a linear process
and held traditional views of methods in science, and viewed
science methods primarily as experimental methods.
Rayanne’s response from her pre-worksheet below was a
typical response from the PSTs to this question.

Science is still currently very much experiment-based.
The scientific method is still highly used. Perhaps in the
future, science will not be a linear process. It is
currently moving towards ‘thinking outside of the box’,
however it is still mainly a linear process, I think this is
due to fear of being wrong and the unknown but it also
takes a different way of thinking to ‘think outside the
box” (pre-worksheet, Rayanne).

However, the PSTs’ responses on the post-worksheet
indicate they have a more expanded view of scientific methods
and see there are a variety of approaches through which
scientists conduct their investigations. The change in the
terminology used to articulate their view of methods in science
is evidence they have furthered their understanding. Felicity,
Rayanne and Hilary show they are using more appropriate
scientific terminology, when they are using words like
observing, testing hypothesis and independent and dependent
variables.

“There are many different scientific methods such as
the normal scientific method observing, categorizing,
testing hypothesis” (post-worksheet, Rayanne).

“There are many different methods used in science; a
hypothesis is not always needed, and variables are not
always changed” (post-worksheet, Hilary).

“Science can be done in a variety of manners such as no
hypothesis, and hypothesis having independent and
dependent variables and observing an event and
recording the outcome” (post-worksheet, Felicity).

Although fairly common words in science investigations,
the pre-worksheets didn’t contain these ideas and therefore

would indicate evolving growth in their understanding
following participation in the workshops.

Understanding scientific practices

All the PSTs demonstrated to have a good understanding
of the ideas in this question. In all applications of the
worksheet, they identified that all scientists were involved in
experimenting, observing, disseminating research, and
producing explanations. Felicity was the only respondent to
state she did not see physicists involved in classification
exercises in the pre-worksheet. The worksheet was able to
identify that she held beliefs that physics was an older science,
and there were no classification activities in that field. Her pre-
worksheet identified that she held the misconception that
physicists “don’t need to classify information” as is an old
science and as such, physical concepts were not open to
change. However, following her teaching practice, the
worksheet was able to identify she changed these ideas to now
see that physicists do utilize classification activities in their
work. The other respondents’ views remained constant in all
worksheets. As such, the participants’ views aligned well with
those presented in the RFN framework.

Understanding scientific knowledge

The analysis of the worksheet would indicate that there
were several instances where the PSTs improved their
understanding of scientific knowledge in science such as
theories, laws and models. When asked about the
misconception of theories turning into laws, the PSTs also held
this view before participation in the workshops.

“Knowledge is always changing due to new
technologies and advancements. This is true, but
theories can change to laws like Newton’s laws but only
if they do stand the test that they are correct” (pre-
worksheet, Felicity).

The following responses from Felicity and Hilary
demonstrate how the PSTs changed their views and
demonstrate an understanding of how (a) theories and laws are
forms of scientific knowledge and (b) how theories cannot
change into laws.

“A law is a separate piece of knowledge. A law explains
something that can be seen, whereas a theory explains
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something that cannot be seen” (post-worksheet,
Felicity).

“Theory represents what we cannot observe. Law
represents what we can observe. Therefore, one cannot
change into another. However new information and
scientific advances are constantly being made”
(delayed post-worksheet, Hilary).

The response illustrates Hilary’s awareness of the
difference between a theory and a law and also the tentative
nature of scientific knowledge. However, despite the above
change in views, when asked to differentiate between the
different types of scientific knowledge (theories, laws, models,
and pseudoscience), they displayed varying degrees of
understanding. This was evident in the post and delayed post-
worksheet, where they presented misconceptions about the
nature of knowledge, as demonstrated in the comment below
from Octavia.

“One is a model; one is to do with Darwin’s theory, and
one is to do with Astrology; another strand of science. I
feel the map is also linked with science in some way but
it’s a map and not really scientific” (delayed post-
worksheet, Octavia).

The worksheet identified how the PSTs needed further
engagement with ideas from the knowledge category. Like
other studies, this aspect is the one that most have difficulty
understanding (Mesci & Schwartz, 2017). When asked if the
images of theories, laws, models, and pseudoscience
represented similar or different forms of scientific knowledge,
the PSTs had difficulty articulating their responses. Many of
the responses provided in the post and delayed post-
worksheets were classed as either naive or developing.

“Each are different forms of scientific knowledge. One
represents a tree of life, one is a model which can be
used to teach Newton’s theory of gravity, this is physics
and mathematical, one is biological and one astrology”
(delayed post-worksheet, Octavia).

One of the interesting findings was how the PSTs now saw
the images used as models. Although not an intended answer,
it was accurate. The images were models and do indicate how
the PSTs understanding of the scientific knowledge aspect
improved.

“They are used as models to explain scientific
knowledge (post-worksheet, Felicity).

“As they are all models, i.e., representation of scientific
knowledge” (delayed post-worksheet, Felicity).

Although this was not an intended approach of the
question, the PST had rightfully identified how the images
present were in fact scientific models. This idea will be
explored further in future adaptations of the R-NOS survey.

Understanding scientific aims and values

The PSTs often indicated that the aims and values aspect
was the workshop they enjoyed the most. The PSTs provided
limited written responses on the worksheets to these Likert-

style questions. Nevertheless, their responses provide
beneficial evidence of changed or retained views. When asked
about these questions during the workshop, the PSTs
discussed how the statements presented were logical, but they
had not reflected on them previously. It wasn’t until after the
workshop that they saw how “blinded” they were to these
aspects of science. On looking at their responses, most of the
PSTs selected that (a) scientists aim to work with groups and
organizations in an unbiased manner bias, (b) scientists aim to
be honest in their work, (c) scientists take opposition to their
ideas seriously and aim to deal with them, (d) scientists aim to
be accurate (e) the interest of funding bodies influencing
science, and (g) the scientists’ personalities and social
circumstances may influence their scientific investigations.
However, in statement f, when asked if politics ever influence
scientific studies and if scientists ever have to follow the values
of the politicians, many indicated that they saw science free
from political influence. Views such as these, have the
potential to damage understanding of how science works and
trust in information if they do not question who is funding the
scientist. However, the post and delayed post-worksheet
indicated that they disagree, indicating they now see how
politics influence science. There is some insight into changing
views in the delayed post-worksheet evidenced by Felicity
stating how

“All aspects of our lives are shaped by politics and
society.”

This would suggest that Felicity now sees how not only
science is influenced by these political spheres, but many
aspects of our daily lives.

Understanding the social- institutional system

The questions on the worksheet asked about ideas of
politics, the influence of race and nationality on science,
gender and religion. Before undertaking the workshops, the
worksheet demonstrated that the PSTs had some informed
views concerning this aspect. They mainly presented
commentary that would indicate informed ideas on how
religion and gender influenced in the science community;
however, they indicated that these were historical issues and
not as importance now. The aspect that the PSTs showed less
informed views about was the political aspect. Some of the
PSTs believed that politics did not influence science, and
devoid of political influence.

“No. Scientists are always finding new discoveries. I
don’t think politics influence this” (pre-worksheet,
Octavia).

Following the workshops, the PSTs responses indicate that
they have changed their views on political influence in science,
particularly around how they fund scientific research and
published results. Rayanne’s post-worksheet presents some
ideas from the activities used in the workshop.

“If a scientific discovery/idea is made and it doesn’t
agree with how politics wants the world to work, e.g.
the finding that smoking is bad was kept a secret due to
politics” (post-worksheet, Rayanne).
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“Yes. They fund science facilities they can decide what
they won’t fund and will get funded” (post-worksheet,
Octavia).

“Yes. Politicians will supply money to the research they
want the public to know and understand about. They
are selective to what they want to supply money to”
(delayed post-worksheet, Octavia).

The above quotes indicate that they now see science as
politicized. This question contained items that included such
topics of race and nationality which is often debated if it has a
place for discussion in science. However, it was felt that not
including it has the potential to present a false or sanitized
view of science and present it as free from racial bias, which
history shows is not the case (Stepan, 1982). The PSTs
highlight how race does influence the accessibility to science
and discrimination different race and nationalities may
experience (Stepan 1982). Their responses to the questions on
race and nationality questions would indicate that the PSTs
too held some informed historical views, such as those by
Hilary:

“Yes. While the race of a scientist is not influential on
their work, as with all careers, it can be difficult for
minority groups to be given equal opportunity. This can
influence science by preventing capable and intelligent
scientists from progressing with their work” (pre-
worksheet, Hilary).

It diagnozed their naive views that science is free of these
biases, such as the response from Felicity who identified how
race and nationality did not influence science. Although she
does recognize international collaborations, her response
indicates that she does not recognize international
collaborations as something that influences science, and she
show some naivety about how it is free from biases.

“No, nationality [and race] does not influence science
as scientists across the world communicate on
research... It is fact and is not based on the race that
discovered the fact” (pre-worksheet, Felicity).

The post-worksheet identified Felicity changed her views,
where she now sees that science is influenced historically by
external factors of race and nationality and how international
collaborations influence on science. Her second response
shows the influence of the workshops as she was shown an
activity to illustrate how scientists have developed our
understanding of the acids and bases were from all different
nationalities.

“Yes, as different races historically are not seen as high
up in within the scientific world as this can influence
others acceptance of this work” (post-worksheet,
Felicity).

“Different nationalities have helped develop scientific
knowledge and understanding, for example, a number
of nationalities were involved in helping develop the
pH scale” (post-worksheet, Felicity).

The response prompted from the R-NOS worksheet largely
indicates that the PSTs saw race and nationality as factors that
influence science and were identified to have informed views
before participation in the workshops. These views were
maintained and expanded on in the subsequent worksheets.
Felicity showed to expand and maintain her views as
illustrated by her response in the delay post workshops, and
her post-worksheet response directly referred to aspects of the
workshop that discussed such issues.

CONCLUSIONS AND DISCUSSION

The findings presented above are indicative of some of the
rich insights gained from the administration of the R-NOS. A
proof of concept is identified as not the final product and is
instead looking at the feasibility of theory for practical use.
Firstly, in terms of the quantitative approaches, as a proof of
concept, it provided interesting insights into the trends of how
the PSTs understanding increased and maintained over the
course of the study as shown Figure 2. And the quantitative
data was garnered from a subjective judgement of qualitative
statements, the study showed how the developmental
exercises provided a relatively consistent view of this data
(e.g., over 80%), allowing for a concise and close-ended view
of the data (Boyatzis, 1998) The case studies allow for greater
exploration of this data as well. The qualitative aspect of the
worksheet allowed us to see how ideas have changed from
iteration to iteration to capture a holistic picture of conceptual
change. Some of these notable changes captured were after the
study they held more informed views around the scientific
methods, and the variety of approaches scientists use, as well
as the practices they engage with and aims and values that
drive scientists and scientific discovery aspect was the part
that was of most interest to the PSTs. As teachers who will be
informing future generations of these ideas now it is on the
new curriculum, it is promising to see that the worksheet could
capture their improved conceptions of the idea identified
above.

Many of the findings show the worksheet is useful in
gathering views of NOS. The worksheet removed force-choice
inventory in many cases by providing free responses boxes to
further understand ideas provided. This approach which
attempts to circumvents issues previously identified by other
assessment tools critics. It contained questions on domain
general and domain specific questions, as well as questions
about professional science. Stadermann and Goedhart (2020)
found students in their study did not see a difference between
professional science and school science. As such, they have
questioned the validity of many NOS test instruments using
non-contextualized questions and those that do not
differentiate between school science and real science. The
worksheet aims to tackle criticism such as these by providing
professional aspects of science to distinguish between the
activities of school science and scientists in society on
individual or group discussion activities. As the worksheet
presents reasoning and argumentation activities through
domain-specificity aspects, it provides vignettes for PSTs to
reason the various claims presented to them (Kuhn, 2010)
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which offers value for professional development and providers
of professional development.

A unique feature of the worksheet is its use of visual images
to help support responses and when used in the classroom
affords discussions to act as an organizing tool for NOS
knowledge. As the responses illustrate, the PSTs can express
their views of the RFN categories in different ways. The study
reported here presents the worksheet as a proof of concept to
demonstrate the functionality of a tool designed from the RFN
perspective and provides some indications from PSTs. Few
studies focus on PSTs understanding of NOS from the RFN
perspective (Erduran et al., 2020). As the participants never
encountered NOS previously, they would be a good indicator
to demonstrate how effective the framework is for informing
PST about NOS.

Another useful contribution of this worksheet is its ability
to develop both qualitative and quantitative measures. The
worksheet and scoring rubric allow for easy translation of the
qualitative data to descriptive statistics for quantitative
measures. The dual-measures of the worksheet allow for
practical implementations with limited need for extensive
interviews from the participants to better assess
understanding of NOS related content. Many other tools
outlined have been criticized for being overly conceptional and
doing little to help participants understand what was asked
(Lederman et al., 2002). The R-NOS worksheet acts as an
organizational tool as it provides visual images, statements
and reasoning opportunities to help elicit responses around
NOS ideas from the RFN categories. The R-NOS worksheet has
diagnostic capabilities and was found helpful to diagnose areas
in need of further engagement, both before and after the
workshops. Many of the concepts that the PSTs had difficulty
were consistent with other studies on NOS understanding.
Similar to Akerson et al., (2000), Gray and Fouad (2019), and
Mesci and Schwartz (2017), the PSTs had difficulty with the
interpretations of the knowledge category. Research on
teaching and learning shows that it is important to know
students’ preconceptions, where responses gathered can be
used to engage teachers’ instructional decisions in the
classroom (Cofré et al., 2019). It is recognized that the
worksheet is not without its limitations if used as a testing
instrument. There may be assumptions that the respondents
know and use the terms in the same way as the researchers do.
However, the open responses aim to elevate these issues, as
the analysis of the responses will identify issues.

The paper adds to the growing body of literature to
demonstrate how the theoretical RFN framework can be
transformed for practical applications (Erduran et al., 2019).
The effectiveness of the transformation into a worksheet is
testament to the value of the RFN framework to NOS research.
Cofré et al. (2019) conducted a meta-analysis of studies that
look exclusively at the understanding of teachers and students
NOS learning and teaching. Despite the article considering
literature from a diversity of views, such RFN, many of the
studies highlighted, continue to use the same questionnaires
(e.g., V-NOS D, POSSE, and SUSSI) for teaching and learning
and assessment, which illustrates the narrow philosophical
lens and approaches prevalent in gathering NOS
understanding. Their review only identified seven studies that
focused on aspects of NOS that differed from those supported

by the “consensus view”. Cofré et al. (2019) highlight the need
for empirical research that evaluates different theoretical lens
such as the study report here.

What our empirical research provides is an insight into the
use of an alternative theoretical approach available for
understanding views of NOS. The R-NOS worksheet offers
educators a wide range of choices regarding how to embed
ideas from the RFN framework’s categories into teaching.
Another advantage of the worksheet is the visual nature of the
questions. As such, it affords the possibility for it to be
undertaken by younger participants. Further research could
involve not only the application of the worksheet with
students in secondary schools and university science students
but also an examination of its application as a classroom
teaching tool and identifying how the worksheet impacts NOS
teaching and understanding.
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APPENDIX A: R-NOS WORKSHEET

Name: ID:

Nature of Science Pre-Test Questionnaire

Nature of science examines how science works and what makes science “science”. Depending on perspective, everyone sees
science differently; therefore the aim of this questionnaire is to get your perspectives as pre-service teachers. Please answer each
of the following questions. You can use all the space provided and extra pages to answer a question if necessary. Please try to
write answers for all parts where necessary. This is not a test and will not be graded.

1.1. Which statement represents your view of science? Place a tick in the box under the statement you agree with. Please select
only one.

A B C

Science is another way of knowing. | Science knowledge is the only authentic | Scientific knowledge is constructed by
All other perspectives and views are | knowledge, because it comes from the | a scientist’s perception and social
as equally valid, i.e., all religious | confirmation of theories and objective | experience, and is not just discovered
positions, all art forms, all political | scientific methods. from the world through an objective
movements. Scientists have to be objective in their | scientific method.

What is considered knowledge is | research and reality can be studied | Therefore, it holds that there is more
relative to the person’s perspective | independently of the scientists influenceon | than one valid methodology to
on the world. the data obtained. seeking scientific knowledge.

1.2. Please explain why the statement you have chosen represent your views of science.

1.3. Is there a second statement from the list above that you feel also represents your views?

2.1. In the scientific community, scientists have certain aims they want to achieve and various values to which they much
adhere. Please tick if you strongly agree, agree, disagree or strongly disagree or don’t know, in the boxes provided to indicate
how you feel about each statement.

A. Scientists aim to work with groups and organisations in an unbiased manner.

Strongly Agree Disagree Slfrongly I do not
agree disagree know
Any comment:
B. Scientists aim to be honest in their work.
Strongly Agree Disagree SFrongly I do not
agree disagree know

Any comment:

C. Scientists take opposition to their ideas seriously and aim to deal with them.

Strongly Agree Disagree S?rongly I do not
agree disagree know

Any comment:

D. Scientists do not aim to be accurate as often scientific knowledge is formed from mistakes made by the scientist.

Strongly Agree Disagree Sfrongly I do not
agree disagree know

Any comment:
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E. The interests and preferences of organisations that fund research often cloud scientists’ design and their
interpretation of the findings and consequently the results that are disseminated to the public can be also be
clouded as a result.

Strongly
agree

Agree

Disagree

Strongly
disagree

I do not
know

Any comment:

F. Politics never influences scientific studies and scientists never have to follow the values of the politicians.

Strongly
agree

Agree

Disagree

Strongly
disagree

Ido not
know

Any comment:

G. Scientists strive to conduct their inquiries in an objective way. Yet as with any human being, the scientists’
personalities and social circumstances may influence their scientific investigations.

Strongly
agree

Agree

Disagree

Strongly
disagree

I do not
know

Any comment:

3.1. Which of the images DO NOT illustrate an example of scientific knowledge? Place a tick in the box(es) under the image.
You may tick more than one box.

. . . ) 4. Newton’s explanation of
1. Darwin’s tree of life 2. Atlas 3. Astrological birth chart gravity

3.2. Please explain why/ how the image(s) you chose do not illustrate example(s) of scientific knowledge.

3.3. Why do you feel that the other images (which you did not tick) are examples of scientific knowledge?

3.4. There are different forms of scientific knowledge. Are the images above representing similar forms OR different forms of
scientific knowledge? Please explain your answer.
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4.1. Which of the following practices best characterises the practices of scientists (biologists, chemists, and physicists)? You
may choose more than one characteristic for each scientist and you may choose the same characteristic for more than one
type of scientist.

Biologists Chemists Physicists

Experimenting

Observing the world for interpretation

Classifying data to produce scientific knowledge

Disseminating research findings through conferences and journals

Discussing and debating data to produce explanations with other scientists

If you DID NOT tick a certain practice, please explain why it is not a practice undertaken by the particular scientist.
4.2. Biologists:

4.3. Chemists:

4.4. Physicists:

5.1. Do you think the aspects pictured here influence science? Tick YES or NO in the circle provided.

_ NATIONALITY GENDER POLITICS RELIGION

5.2. Race: YESQONO Q. Please explain your answer.

5.3. Nationality: YESQ NO (. Please explain your answer.

5.4. Gender: YESQ NOQ. Please explain your answer.

5.5. Politics: YESQ NO Q. Please explain your answer.

5.6. Religion: YES( NO Q. Please explain your answer.
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6.1. Science is concerned with creating models to explain things. Which image(s) do you believe represents scientific models?
Please indicate your answer with a tick under the image(s) you think represent scientific models. You may tick more than
one image.
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4. Mathematical equation 5. Solar system

6.2. If there were any image(s) you DID NOT select, please explain why you believe it does not represent scientific model(s).

7.1. Scientific theories are a form of scientific knowledge. Read the statements below and select the statement(s) that best
describes your thinking on scientific theories. You may tick more than one statement.

Our knowledge is always changing as technology
advances and scientists can get a better
understanding of how the world works, however
no matter how much our knowledge grows, a
theory will never change into a law.

The knowledge we know today will not Our knowledge is always changing. When a
change. The theories and ideas we have are theory has stood the test of time and is

so rigorously tested by scientists that they | shown to be valid under all conditions that
will never change. can be tested, it may be given status of a law.

7.2. Please explain why you have chosen the statement(s) you have.
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8.1. Which of the following two explanations below best represents how science is conducted in the scientific community?

.u-uén

Science is a linear process and is conducted through the scientific

method; the process that is used by scientists for testing ideas and

theories by using experiments and the formulation and testing of
hypotheses.

Science is not a linear process. Scientists conduct science in a variety of
ways depending on the contexts and discipline, in order to produce new
knowledge.

8.2. Please explain your choice above.

9.1. There are a variety of methods and approaches that scientists use to produce new scientific knowledge. There are four
scientific approaches below. Match the example approach (in the first box) to the explanation of the approach (in the second
box) in the table below.

Match the letter in the first box to the number in the second box in the table below.

Example approach A B C D
Explanation of the approach

On a scale of 1- 10 with 1 being not very confident and 10 being very confident, how would you rate your confidence with the answers you
supplied to this questionnaire

1 2 3 4 5 6 7 8 9 10
Not very confident Very confident

Thank you for completing this questionnaire
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APPENDIX B: SCORING RUBRIC FOR R-NOS WORKSHEET

0=Incorre.ct view/no |1=Naive/Emerging views of| 2= TranS{tlonal/Developmg 3= Informed view of NOS
view NOS view of NOS

Question 1: Philosophical
views.
Evidence for change in
philosophical views.

Question 2: Aims and
values.
Assesses their knowledge
of the various aims and
values of scientists.

Question 3:
Scientific knowledge:
Assesses the difference
between theories laws and
models and the idea of
pseudoscience not forming
part of scientific
knowledge.

Question 4: Practice
Assesses the different
practices of scientists by
characterising which
practices biologists,
chemists and physicists do
and if there are differences
between them.

Question 5:
Assessed broad aspects of
science in society: Race,
nationality, gender,
politics, religion and its
influence on science.

No response.

If they agreed with all

statements that required

disagreement or vice
versa, or ticked all “I
don’t know” or didn’t
tick any answer. Had
either no or incorrect
elaboration of
statements.

Ticked one or two
philosophical statements
but did not elaborate as to
why they selected these
statements. Or have
unclear or confused ideas
in their response, or refer
to science being black and
white.

If they agreed with some
statements that required
an agreement or vice versa,
or ticked “I don’t know”.
And they didn’t elaborate
on their answers at all in
the comment section.

Ticked one or two
philosophical statements but
have some unclear/ confused
views of science but mention

science as a human activity
open to human influence
(science not being black and
white).

If they agreed with many
statements that required
agreement or vice versa. And
elaborated on some
statements with some
developing views of the
statements.

Ticked one or two
philosophical statements
and have well-articulated
inferences about science

being a human activity
open to human influence
(science not being black
and white).

If they agreed with all
statements that required
agreement or vice versa.
And went on to elaborate

on their answers with some
informed views of the
statements.

3.1 No response or
ticked the wrong
image(s) and have no

elaboration of the ideas

3.2 No response or
completely incorrect

response provided as to
why the image does not

3.1 If they ticked multiple
image including the
Astrological image

3.2 If they select the
Astrological image and
another image but there is
no elaboration as to why
they are not a form of

illustrate an example of scientific knowledge. Or a

scientific knowledge

3.3 No response or
completely incorrect
response provided.

3.4 No response or
completely incorrect
response provided

completely incorrect
response is provided.

3.3 If they present some
knowledge as to why the
images are forms of
scientific knowledge but it
is unclear or confused

3.4 If they said they were

similar but did not fully

articulate why they were
similar.

3.1 If they ticked Astrological
image and one other one

3.2 They tick the Astrological
image but only partially
articulation as to why the
image is a form of
pseudoscience not supported
by scientific evidence and
therefore does not illustrate
an example of scientific
knowledge.

3.3 Articulate that there is
scientific evidence to support
them, or they are models of
science knowledge

3.4 If they said they were
similar but articulated that
they were all models or
because they were supported
by scientific evidence.

3.1 If they ticked the
Astrological image only

3.2 Articulate well using
proper terminology that
the Astrological image is a
form of pseudoscience not
supported by scientific
evidence and therefore
does not illustrate an
example of scientific
knowledge.

3.3 Articulate well using
proper terminology that
the other images are
theories laws and models

3.4 If they said they were
different forms and
knowledge and have
articulated well that the
images are different
because they represent
theories, laws and models
and a form of
pseudoscience.

Did not tick any practice Ticked few of the practices

or provides incorrect

reasons why it is not a

but provide no reasons as
to why it is not a practice

practice undertaken by undertaken by scientists or

scientists

they are incorrect.

Selected no or incorrect Selected yes to one to two

options or provided
incorrect responses

when asked to explain

aspects and provided
somewhat complete or
incomplete reasons as to

their answers as to why why the aspects influence

the aspects pictured
influence science.

science.

Tick most of the practices. but

provide incorrect or partially
incorrect reasons as to why it

is not a practice undertaken by

scientists

Selected yes three to four

aspects and provided partial or

complete reasons as to why
they influence science.

Tick all the practices (will
not need to elaborate on a
response).

Selected all the aspects and
provide well-articulated
complete reasons as to why
the aspects of society
influence science.
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5.3 Scoring notes: Gender:
Women not being taken
seriously in science and

credit for their work given

to their male counter parts.
F and M can see science
differently and bring
different perspectives

5.2 Scoring notes:
Nationality: similar to
Race also it different
nationality have worked
together to develop
scientific knowledge
over time and in parallel

5.4 Scoring notes: Politicians
personal beliefs influencing

5.5 Scoring notes: Religion
impacted science in terms
of stem cell research and

science in terms of the funding historically has banned

allocated to science, and
policy makers etc.

science innovation as it
defied the teachings of the
church.

If they selected none of
the an images (and
provide reasons as to
why these images do not
represent scientific

Question 6: Knowledge
This question examined
the aspect of models in
science. All the images
represent scientific models.

Selected one to two images
and provided partial
reasons as to why these
images do not represent
scientific models.

models)
Selected an incorrect
statement but provide
Question 7: Knowledge correct or partially correct
= wieds! If they selected no partialy cor
Assesses the concept of the explanation in their
. . statement about .
tentative nature of science, e em . reasoning
. o scientific theories
and theories changing into Or they select the correct
laws by providing statement about scientific
theories but provide an
incorrect reason.
Question 8:
Methods
. . If they selected the
RS e ERe i If they selected no image .. .
L . . scientific method image
scientific methodand the Ko § (s RIS R b1 . .
. e but provided a partial
non-linearapproach and  E:1ddoindo&i ke etatild . .
: . explanation about how it
the misrepresentation of method. ides science
the scientific method su ’
image.
Question 9: Methods
Assess four methods
: They got two correct or
presented in FRA and If they selected no v g . .
- . provided information that
TV el di A da o] answer or selected all
. : . they had guesses the
which experiment goes the incorrect answers. answers

with which example
explanation.

Selected three to four images
and provided a reason why the
one/ two image/s they didn’t
select did not represent
scientific model.

If they selected all the
images.

Selected the correct
statement and provides a
complete explanation as to

Selected correct statement and  why they selected them.

provide a partially correct
explanation in their reasoning
as to why the statement about
scientific theories is correct.

If they selected the non-linear
method but provide a partially
correct answer as to why the
non-linear approach best
represents how science is
conducted in the scientific
community

If they got the four correct
(but may have provided
information that they had
guesses the answers.)

E.g: that a law explains
what we can see and
usually has a mathematical
formula to explain it, a
theory explains what we
can’t see but has withstood
the rigour of many
scientific tests.
Selected the non-linear
approach and provide a
complete explanation as to
why e.g. there are many
ways to do science and the
scientific method shows a
misrepresentation of
science as a linear process

If they got all four correct
and they were confident in
their answering.

Question 1  The pre-test provided baseline for comparison with post-test to investigate if their philosophical view would change post intervention.
A. This statement requires an agreement; B. This statement requires an agreement; C. This statement requires an agreement;
D. This statement requires a disagreement; E. This statement requires an agreement; F. This statement requires a disagreement;

G. This statement requires an agreement

Question 2

Question3  The astrological birth chart is correct image as this is classed a pseudoscience.
This question has some potential flaws for analysis considering it did require an explanation if they selected all the practices to show if
Question4  there were reasons why they thought that these were all practices engaged by scientists and not just that they wanted to write less

material. They received a four if they ticked all the statements.

Race impacts on science in terms of different races being subject to scientific racism, and history seeing some races as superior & not
taking work of other races they saw as inferior seriously.

Nationality: Similar to race, also different nationalities have worked together to develop scientific knowledge over time.

Gender: Women not being taken seriously in science and credit for their work given to their male counter parts. Females and males can
see science differently and bring different perspectives.

Politicians' personal beliefs influencing science in terms of the funding allocated to science, and policy makers etc.

Religion impacted science for many year as it centres around beliefs opposed to beliefs about deity, & historically religious institutions
banned science innovation as it defied the teachings of religion.

Similar to question 4, there was no opportunity to record their thoughts as to why they thought all the images were models, so they

Question 5.1

Question 5.2

Question 5.3

Question 5.4

Question 5.5

Question 6 received a four if they ticked all the images

Question 7 A complete explanation would include that a law explains what we can observe and usually has a mathematical formula to explain it, a
theory explains what we can’t see but has withstood the rigour of many scientific tests.

Question 8  There are a variety of scientific methods and scientists use a variety of approaches to conduct their investigation.

Question 9  The answer to this is A:4 B:1 C:2 D:3 (The example experiments provided in the pre-test were altered for the post test.)
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