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This paper studies four key aspects of the instrument “Views of Nature of Science” (VNOS); a) its general
characteristics, b) the particular characteristics of the forms VNOS-A, VNOS-B, VNOS-C, VNOS-D; VNOS-D+
andVNOS-E, c) the modifications of its open-ended questions, andfinally, d) the scope and limitations of the
VNOS forms from the new conceptualizations of the Nature of Science (NOS) construct. The methodology
is based on documentary research. The criteria of validity and reliability of Scott (1990) are followed.
The open-ended questions of VNOS are analysed from four identified inductive categories: extension,
reduction, substitution and fragmentation. The main contributions of the article are: 1. Delve into the
characterization of VNOS, and its forms, allowing future NOS researchers to interpret the data obtained
from the VNOS forms. Thus, each VNOS form identifies open-ended questions focused on various aspects
of NOS (direct questions) and open questions focused on a specific context. The VNOS-C form presents
more open-ended questions in a specific context and may be of greater interest for research in some
populations. Explicit and implicit questions are also identified. The VNOS-D + form has more open-ended
questions. Researchers are probably able to find units of analysis to characterize NOS views more easily in
the VNOS-D+ form. 2. Relate the open-ended questions and NOS aspects characterize in each VNOS form.
3. Group open-ended questions by characterized NOS aspects, which is of interest for research focused
on a particular NOS aspect. 4. Finally, the possibility of characterizing views on “scientific methods” is
highlighted, especially when VNOS is used in conjunction with monitoring interviews, as well as with the
“Views About Scientific Inquiry” (VASI) instrument. Similarly, it relates to the potential of VNOS forms
to characterize some aspects coming from other NOS conceptualizations, especially from “features of
science” (FOS) raised by Mathews (2012). All of the above, contributes conceptually and methodologically,
to the identification of NOS views of primary and secondary students and their teachers. This is necessary
to carry out diagnoses of NOS views in different communities, to propose evaluations of the impact of
different teaching strategies and to relate NOS with other constructs, which together allow for the
development of skills for informed socioscientific decision-making in the population in general.
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INTRODUCTION
Contribution to

of science education in the schools (Akerson et al., 2010;

scientific literacy has been an American Association for the Advancement of Science

objective of education reforms in many countries (Cofré
et al.,, 2014; Deboer, 2000; McComas & Olson, 1998;
Ministry of Education [MOE], 2007; National Research
Council [NRC], 1996; Sarkar & Gomes, 2010; Wang & Zhao,
2016). Understanding of NOS is considered a structural
facet of scientific literacy (Akerson et al., 2010; Izquierdo-
Aymerich etal.,2016; Ozgelen et al., 2013; Sarkar & Gomes,
2010); moreover, it has become one of the main objective

[AAAS], 1993; Ayala-Villamil, 2019; Celik & Bayrakceken,
2012; Mesci & Schwartz, 2016; Sarkar & Gomes, 2010;
Vazquez-Alonso et al., 2013; Wang & Zhao, 2016) and is
supported on utilitarian, democratic, cultural, axiological
and educative reasons (Aduriz-Bravo & Ariza, 2013; Driver
et al., 1996; Izquierdo-Aymerich et al., 2016; McComas et
al., 1998; Sarkar & Gomes, 2010; Vazquez-Alonso et al.,
2013). Consequently, it is necessary to consider the central
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role of teachers in the improvement of student learning
(Lederman, 2007; Matthews, 1990; McComas et al., 1998;
Mesci & Schwartz, 2016; Rennie et al., 2001; Aikenhead
& Ryan, 1992). Because they play an essential role in
helping their students to understand NOS. In this way,
to characterise NOS understanding, many instruments
have been created in the second half of the 20th century,
including VNOS.

Purpose of the Research

The purpose of this study is to describe each form of
the “Views of Nature of Science” (VNOS) instrument and
compare them to identify modifications, scopes, and
limitations of the VNOS forms. This article focuses on the
following questions:

1. What are the characteristics of VNOS-A, VNOS-B,

VNOS-C, VNOS-D; VNOS-D+ and VNOS-E?

2. What questions have been modified, removed or

included in the VNOS forms?

3. What are the scope and limitations of the VNOS

forms?

This article focuses on the VNOS since it is a widely
used instrument in NOS empirical research (Aflalo, 2014;
Allchin, 2011; Hodson & Wong, 2014; Kampourakis, 2016).
This document does not include the comparison of
different NOS instruments since it is the subject of another
document that we hope to make available soon.

Significance of the Research
The article delves into the characteristics of VNOS, its
origin, and the transformation of its questions through

Philosophy
of Science

History of
Science

Psychology
of Science
of Science

Figure 1. Representation of the contribution of four meta-
sciences to the understanding of NOS (McComas & Olson, 1998,

p. 50).

its forms. It is a contribution to NOS research because it
recognizes the general and specific characteristics, scope,
and limitations of each form of the VNOS. This provides
future NOS researchers with:

(a) Analytical tools to choose the form of VNOS relevant
to their research.

(b) To facilitate the analysis and interpretation of the
data obtained with VNOS forms.

(c) To identify perspectives of the NOS that are not
characterized by the forms of VNOS, and that are relevant
from the recent conceptualizations of the NOS.

LITERATURE REVIEW
Conceptualization of NOS

Nature of Science or Nature of Scientific Knowledge is
amultifaceted and complex construct, as much as science
itself. In the literature there are several definitions of NOS;
for example, McComas et al. (1998) define it as:

“a fertile hybrid arena which blends aspects of various
social studies of science including the history, sociology,
and philosophy of science combined with research
from the cognitive sciences such as psychology into a
rich description of what science is, how it works, how
scientists operate as a social group and how society itself
both directs and reacts to scientific endeavors.” (p.4)

In this way, different meta-sciences contribute to a
greater or lesser degree to the NOS construct. McComas
and Olson (1998), in their review of international
standards on science education, indicate that NOS is
not synonymous with the Philosophy of Science; on the
contrary, the History of Science, Sociology of Science
and Psychology of Science also make contributions to
the understanding of how science works. In Figure 1, the
areas of the circumferences represent the contribution of
each meta-science.

In the last two decades, interesting debates have
arisen about the conceptualization of NOS (Ayala-Villamil,
2020). Two approaches are clearly identifiable, called by
Abd-El-Khalick (2012), the general domain approach, and
a specific domain approach. In the present document,
under the denomination of the general domain approach,
there are the “consensus” views or general aspects of
NOS, thought for the scientific literacy of citizens, and
to be developed in previous levels of education to the
university. Among the researchers who have conceived
NOS from this approach are Lederman et al. (2002),
McComas (1998), Niaz (2009), Osborne et al. (2003).

Lederman and his collaborators have proposed a
theoretical framework for researching and teaching NOS.
They argue that the Nature of Science (NOS) and Scientific
Inquiry (SI) constructs are different but converge in
research because they are closely related (Bartos &
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Lederman, 2014; Lederman et al., 2012; Lederman
et al.,, 2014a). For these authors, NOS “refers to the
characteristics of scientific knowledge that are inherently
derived from how it is produced, that is scientific inquiry”
(Lederman, Antink & Bartos, 2014b, p. 286). Specifically,
they present a list of aspects, called tenets, that describe
NOS in the context of K-12 (kindergarten through Grade
12 in a US context) science education, and this list is not
intended to be exhaustive (Lederman, 2007). That said,
tenets are:

1) Tentativeness of Scientific Knowledge: Both
scientific laws and theories are subject to change.

2) Observations and inferences: Science is based on
both observations and inferences. Scientists present
their observations as statements that describe the
world’s natural phenomena. They are generated through
the senses or with extensions of the senses. In contrast,
inferences are statements obtained from manifestations
or effects. Inferences allow the development of models
and explanations about the observations.

3) Scientific Theories and Laws: The laws of science
are statements about relationships observed in the
natural world, in contrast to scientific theories, which
are inferences that explain observations. Scientific
theories and laws are different types of knowledge.
Scientific theories and laws do not present a hierarchical
relationship, which means that theories are not created to
become laws.

4) Creativity and imagination: The development of
knowledge requires human creativity and imagination to
design research methodologies, analyse data, raise ideas,
and create explanations.

5) Subjectivity in science (theory-laden): Scientific
knowledge is subjective because scientists have
theoretical commitments, beliefs, prior knowledge,
training, experiences, and expectations. This generates
different perspectives, which intervene in the problems
that scientists investigate, the methodologies employed,
the interpretations of the data, and the conclusions
obtained.

6) Social and cultural integration in science: Science as
human action takes place in cultural and social contexts.
Scientists are products of these contexts. Science follows
influences and is affected by elements of culture and
society. Some of these elements are the social fabric,
power structures, politics, socio-economic factors,
philosophy, and religion.

7) The empirical nature of scientific knowledge:
Science is not only based on observations of the natural
world. (Lederman et al., 2012; Lederman et al., 2014a).

In addition, there is interdependence between the
tenets (Schwartz, Lederman, & Crawford, 2004).

On the other hand, S| “refers to characteristics of
the processes through which scientific knowledge
is developed, including the conventions involved in
the development, acceptance, and utility of scientific
knowledge” (Bartos & Lederman, 2014, p. 4) and consider
aspects such as; a) scientific investigations always begin
with a question, b) there is no single set or sequence
of steps in a scientific investigation, c) the procedures
followed in an investigation are invariably guided by
the question(s) asked, d) scientists following the same
procedures will not necessarily arrive at the same results,
e) the procedures undertakenin aninvestigationinfluence
the subsequent results, f) conclusions drawn must be
consistent with collected data, g) data are not the same
as evidence, and h) scientific explanations are developed
through a combination of evidence and what is already
known (Bartos & Lederman, 2014, p. 5).

General domain approach has been the most used
conceptualization in the empirical research of NOS
(Gonzalez-Garcia, Blanco-Lépez, Espafia-Ramos, &
Franco-Mariscal, 2019), and in Table 1 are presented the
proposals of McComas (2008), Niaz (2009) and Osborne,
Collins, Ratcliffe, Millar and Duschl (2003). McComas’
list arises from the high correlation between content
analysis of a group of books focusing on the nature
and/or philosophy of science (McComas, 2005) and the
convergence of key ideas appropriate for inclusion in
the K-12 curriculum, constructed by Lederman (1998),
McComas (1998); McComas et al. (1998) and Osborne et
al. (2003).

Marin et al. (2013) analyse the NOS consensus of
McComas and Olson (1998), Lederman et al. (2002),
Osborne et al. (2003), Fernandez et al. (2002), Vazquez-
Alonso et al. (2004) and establish consensus between
these different research groups through inductive and
deductive processes, which are interrelated through
a network of categories called context systematics
(“sistematica de contextos” in Spanish). The contexts and
their inductive categories (consensuses) are:

Sociological context: a) science emerges from the
historical and social context of the moment, b) science
has strong social and cultural implications, and c) there
are strong interactions between Science, Technology, and
Society (STS).

“Private phase” context: a) the importance of creativity
indiscovery, and b) the scientistis affected by hisinterests.

“Private-public interaction phase” context: a)
individual contributions are socially regulated by the
expert community.

“Justification phase” context: a) empirical data are
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Table 1. Some versions of the “general domain approach” conceptualization of NOS

(McComas, 2008)

(Niaz, 2009)

(Osborne et al., 2003)

Science produces, demands and relies on
empirical evidence

Scientific knowledge relies heavily, but not
entirely, on observation, experimental evidence,
rational arguments, and scepticism

Science and questioning

Knowledge production in science shares many
common factors and shared habits of mind,
norms, logical thinking and methods such

as careful observation and data recording,
truthfulness in reporting, etc.

Science and its methods cannot answer all
questions

There is no one way to do science and hence no
universal, recipe-like, step-by-step scientific
method can be followed

Analysis and

interpretation of data

Scientists require accurate record keeping, peer
review, and replicability

Scientific method and
critical testing

Science is tentative/fallible

Science and certainty

Scientific knowledge is tentative, durable and
self-correcting

Development of scientific theories at times is

based on inconsistent foundations

Laws and theories are related but distinct
kinds of scientific knowledge. Hypotheses are

Laws and theories serve different roles in science
and hence theories do not become laws even with

Hypothesis and

special, but general kinds of scientific additional evidence prediction
knowledge
. . Scientists are creative and often resort to .
Science has a creative component : S - Creativity
imagination and speculation
Observations are theory-laden
Science has a subjective element (theory- Diversity of
laden) Different scientists can interpret the same e
; . scientific
experimental data in more than one way
thinking
Historical

Scientific ideas are affected by their social and
historical milieu

There are historical, cultural and social
influences on the practice and direction of

Development of scientific

knowledge

science

Scientific progress is characterized by competition
among rival theories

Cooperation and
collaboration in the
development of scientific
knowledge

Science and technology impact each other,
but they are not the same

Science and technology

not neutral, b) science is both durable and tentative,
) progress is sometimes evolutionary and sometimes
revolutionary, d) there is no one “scientific method”
for doing science, e) science combines induction and
deduction, and f) the role of hypotheses is important in
empirical contrast (Marin et al., 2013).

Critics of the general domain approach argue that: 1)
science cannot be adequately characterized from simple
statements, 2) the NOS characteristics of the general
domain approach are not exclusive to science, they are
aspects of human knowledge, 3) it does not recognize the
distinctive differences in the development of knowledge
from different scientific disciplines (biology, chemistry,

physics, etc.) (Kampourakis, 2016). Thus, the general
focus domain produces a restrictive, static, timeless
NOS view. Also, there is no evidence that the listings
help to make personal and social decisions. But, they
can generate declarative teaching of NOS, when their
teaching should be functio,nal (Allchin, 2011). As an
alternative, the specific domain approach emerges, which
attempts to overcome the criticism made to the general
domain approach. Some NOS conceptualizations that are
part of the specific domain approach are “Classical meta-
theoretical questions on NOS” by Addriz-Bravo (2001),
“understanding scientific practice” by Hodson (2009),
“Family Resemblance Approach” (FRA) by Irzik and Nola
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(2011), “Features of Science” (FOS) by Matthews (2012),
“Whole Science” by Allchin (2011), “Reconceptualised
Family Resemblance” by Erduran and Dagher (2014), and
conceptualization of Nature of Science & Technology
(NoS&T) for science and technology education, called
“4-World model and VOSTS taxonomy” by Vazquez-Alonso
and Manassero (2017). In this article, we only present
some of these conceptualizations to contextualize part
of the current debate. A more detailed review is in Ayala-
Villamil (2020).

Matthews (2012) proposes that recent NOS
research presents the following philosophical and
educational errors: a) The confused jumbling together
of epistemological, sociological, psychological, ethical,
commercial and philosophical features into a single
NOS list, b) The privileging of one side of what are
contentious and much-debated arguments about the
methodology or ‘nature’ of science, c) The assumption
of particular solutions of the demarcation dispute, and
d) The assumption that NOS learning can be judged and
assessed by students’ capacity to identify some number
of declarative statements about NOS. As an alternative, he
proposes a theoretical framework to conceptualize and

Table 2. Partial inventory of dimensions of reliability in science

investigate NOS, based on a change of terminology and
research approach, arguing a shift from “Nature of science
(NOS) to a more relaxed, contextual and heterogeneous
‘Features of Science’ (FOS)” (Matthews, 2012, p. 4).

For Matthews, it’s best to think of the seven aspects of
Lederman and his collaborators as FOS to arise, consult,
discuss and analyse; and not as elements of NOS to
learn and evaluate in class. Besides, Experimentation,
Idealization, Models, Values and Socioscientific issues,
Mathematization, Technology, Explanation, Worldviews
and Religion, Theory choice and rationality, Feminism,
Realism, and Constructivism should also be considered,
because they are also epistemological, historical,
psychological, social, technological and economic. These
are part of the scientific effort, and also meet the criteria
of accessibility, consensus, and utility, which Lederman
and his collaborators consider pertinent to choose NOS
issues in K-12 teaching.

Allchin (2011) proposes to rethink NOS from the
reliability in scientific practice. This conceptualization,
called Whole Science, conceives a set of dimensions
(Table 2) on how the scientific community achieves
and preserves reliability as it develops scientific

Dimension Dimension

epistemic

Categories

Observational

Observation and
measurements

Accuracy, precision; role of systematic study (versus anecdote); completeness of
evidence; robustness (agreement among different types of data).

Experiments

Controlled experiment (one variable); blind and double-blind studies; statically
analysis of error; replication and same size.

Instruments

New instruments and their validation; Models and model organisms; Ethics of
experimentation on human subjects.

Conceptual

Patterns of reasoning

Evidential relevance (empiricism); verifiable information versus values; role of
probability in inference; alternative explanations; correlation versus causation.

Historical dimensions

Consilience with established evidence; role of analogy, interdisciplinary thinking;
conceptual change; error and uncertainly; role of imagination and creative
syntheses.

Human dimensions

Spectrum of motivations for doing science; spectrum of human personalities;
confirmation bias/role of prior beliefs; emotional versus evidence-based
perceptions of risk.

Sociocultural

Collaboration and competition among scientists, forms of persuasion; credibility;

Institutions peer review and response to criticism; resolving disagreement; academic freedom.

Biases Role qf cultural be'liefs (ideology, religion, nationality, etc.), role of gender bias; role
of racial or class bias.

Economics/ Sources of funding; personal conflict of interest.

funding

Communication

Norms for handling scientific data; nature of graphs; credibility of various scientific
journals and news media; fraud or other forms of misconduct; social responsibility
of scientist.

Adapted from (Allchin, 2017).
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Table 3. Subscales of some NOS instruments

Student Nature of Conceptions of Views on Science- Modified Nature Students’ldeas
Understanding Scientific scientific Theories Technology-Society of Scientific about Nature
of Science and Knowledge Test (COST) (VOSTS) (Aikenhead Knowledge of Science
Scientific Inquiry Scale (NSKS) (Cothamy Smith, & Ryan1992) Scale (M-NSKS)
(SUSSI) (Liang et al., (Rubba, 1977; 1981) (Meichtry, 1992) (SINOS) (Chen
2008) Rubba & etal.,2013)
Andersen, 1978)
Observations and Amoral Ontological Science and Creative Theory-laden
inferences implications of Technology
theories
Tentativeness Creative Testing of theories  Influence of Developmental Coherence and
Society on Science/ objectivity
Technology
Scientific theories Developmental Generation of Influence of Science/ Testable Creativity and
and laws (tentative) theories Technology on imagination
Society
Social and cultural Parsimonious Choice among Influence of School Unified Tentativeness

embeddedness competing theories Science on Society
Creativity and Testable Characteristics of Durability
imagination Scientists
Scientific methods Unified Social Construction Science for girls
of Scientific
Knowledge

Social Construction
of Technology

Science for boys

Nature of Scientific
Knowledge

Source: Own devising.

knowledge. The dimensions with their categories can
be overwhelming, so one must be selective. It is enough
to choose some historical or contemporary cases that
presentscienceinitssocial, cultural,and research context.
From Whole Science, the important thing is to verify that
students reflect on a broad spectrum of NOS “Whole
Science” dimensions, using the inventory of dimensions
of reliability in science and their categories (Allchin, 2017).

Thus, what is important from this perspective is
functional scientific literacy, which allows students to
understand how science works, to interpret the reliability
of scientific statements and to make decisions in personal
and public situations. This reflects the relevance given
in the NOS conceptualization of “why NOS” over “what
NOS.”

Irzik and Nola (2014) propose to assume science
from the Family Resemblance Approach (FRA) with
the intention of thinking NOS in a more systematic
and unifying account. From this perspective, NOS is
assumed with two systems: science as a cognitive-
epistemic system and science as a social-institutional
system. Each system is structured by four categories.
Cognitive-epistemic system considers the categories:
a) processes of Inquiry, b) aims and values, ¢) methods

and methodological rules and d) scientific knowledge.
Science as a social-institutional system considers the
categories: a) professional activities, b) the scientific
ethos, c) the social certification and dissemination of
scientific knowledge and d) social values of science. In
reconceptualising the idea of FRA (reconceptualising
Nature of Science for Science Education), Erduran and
Dagher (2014) add three categories of how science is
performed and aspects of scientific work, which are
relevant to the science curriculum, these categories are:
a) social organizations and interactions, b) political power
structures and c) financial systems.

Instruments

In literature, there is an abundant production of NOS
instruments, because of the different conceptualizations
that the construct has had since the middle of the last
century. Lederman et al. (2014a) present a list of 29 NOS
instruments developed between 1952 and 2006. Of these,
12 instruments present low validity according to the
following three criteria: 1) most of the items deal with
the ability and skill to engage in the process of science,
2) 50% or more of items deal with attitude toward or
appreciation of science and scientists, or 3) they present
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little or no emphasis on epistemological characteristics
of the development of scientific knowledge. The
instruments that Lederman et al. (2014a) consider valid
can be classified into those without subscales and those
with subscales. The former, having no subscales, generate
a single score. In this group are: Wisconsin Inventory of
Science Processes (WISP), Science Process Inventory (SPI),
Nature of Science Scale (NOSS), and Nature of Science
Test (NOST).

Some instruments, which have subscales, are
compared in Table 3. The tentative nature of scientific
knowledge is a subscale of the SUSSI, NSKS, M-NSKS and
SINOS instruments. Creativity is subscale on SUSSI, NSKS,
M-NSKS and SINOS instruments. The social construction
of scientific knowledge is a subscale of the SUSSI and
VOSTS instruments. Finally, testable is a subscale of NSKS,
COST and M-NSKS. While this is a basic comparison, there
are subscales shared by some instruments.

Thus, the above theoretical framework outlines the
broad debate on NOS conceptualization developed
in recent years. In this way, we estimate that new
instruments will be necessary to characterize NOS
conceptions of different populations from the current
NOS conceptualizations. So, the analysis of the present
instruments from their scopes and limitations contributes
to this purpose. In this particular case, we analyse the
VNOS instrument.

METHOD
Design of the Research

The analysis took on a qualitative methodology
(Hernandez, Fernandez, & Baptista, 2010) and a design
based on documental research, which is useful to evince
changes in situations over time (Cohen et al., 2007).
With respect to the validity and reliability in the use of
documents, the criteria suggested by Scott (1990) were
used: credibility (which is guaranteed when primary
sources are used or personal communication) and
representativeness (which is guaranteed by the use of
WEB published articles).

Retrieval of VNOS Forms

With the purpose to elicit the historical revisions of the
VNOS instrument, the publications of Norman Lederman,
who is co-author of the VNOS A, B, C and D+ forms, and
Judith Lederman, also co-author of VNOS D, D+ and E are
selected. It is started by chapter 28 of the Handbook of
Research on Science Education (Lederman, 2007) and
chapter 29 of the International Handbook of Research
in History, Philosophy and Science Teaching (Lederman
et al,, 2014a). In all these documents, the authors revise
the general features of some NOS instruments, doing a

description of VNOS. In this way, the documents cited in
these publications are sought. This allows to trace the
origin and the characteristics of the VNOS instrument for
each of its forms.

Norman Lederman (personal communication, April 30,
2018), shares the VNOS-D, VNOS-D+ and VNOS-E forms.
However, the VNOS-A, VNOS-B, VNOS-C, VNOS-D+ and
VNOS-E forms can be found on the web via the following
links:

VNOS-A: https://science.iit.edu/sites/science/files/
elements/mse/pdfs/VNOS(A).pdf

VNOS-B: https://science.iit.edu/sites/science/files/
elements/mse/pdfs/VNOS(B).pdf

VNOS-C: https://science.iit.edu/sites/science/files/
elements/mse/pdfs/VNOS(C).pdf

VNOS-D+:https://science.iit.edu/sites/science/files/
elements/mse/pdfs/VNOS-D%2B.pdf

VNOS-E: https://science.iit.edu/sites/science/files/
elements/mse/pdfs/VNOS-E-v2.pdf

Analysis of Data

In the presentation of the analyses, the numbering
of the questions was taken based on the mentioned
documents, since the same questions appear in other
published documents, but with different numbering; such
is the case of the following question of the VNOS-C:

“After scientists have developed a scientific theory (e.g.,
atomic theory, evolution theory), does the theory ever
change? « If you believe that scientific theories do not
change, explain why. Defend your answer with examples.
« If you believe that scientific theories do change: (a)
Explain why theories change? (b) Explain why we bother
to learn scientific theories. Defend your answer with
examples.” (Lederman et al., 2002, p. 509).

In this case, in Lederman et al. (2002), it is numbered
as question 4, but in the VNOS-C form recovered from the
WEB, it is question 6. On the other hand, the question’s
codification has three components: a) the instrument, b)
the form and c) the question. As an example, for VNOS- C
form question 7, it is coded as VNOS-C-7.

The analysis is divided into three phases: 1) General
characteristics of the VNOS, 2) Characteristics of each
VNOS form, and 3) Comparison of Questions Among VNOS
forms. To carry out the comparison of questions among
VNOS forms, inductive analysis categories are identified,
which allow describing the changes of the questions
among VNOS forms. The categories are:

Extension: Addition of words or phrases.
Reduction: Elimination of words or phrases.
Substitution: Change most of the words without
changing the semantic meaning of the question.
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Fragmentation: Separation or division of a question
into two new ones.

The two authors make the analysis of the questions
independently, the percentage of agreement was 97.5%
When there is no agreement in the inductive categories
that describe the transformation of the questions, a
second analysis is made, this time between the two
researchers and 100% consensus is reached.

FINDINGS AND DISCUSSION
Phase 1: General Characteristics of VYNOS

The VNOS is an open-ended question instrument.
VNOS-B and VNOS-C forms are the improvements of the
VNOS-A form, which was developed by Lederman and
O’Malley. However, these are long forms, as respondents
take between 35 to 45 minutes to complete the VNOS-B
and between 45 to 60 minutes for the VNOS-C (Lederman
et al., 2002), so students are not able to respond in
a regular class period. The VNOS-D form adapts the
language, is administered in less time and produces the
same results as the VNOS-C (Lederman et al., 2014a).
Finally, the VNOS-E form “has been designed for very
young students (grades K-3)” (Lederman et al., 2014a, p.
986). In addition, VNOS is designed and also applied with
a monitoring interview after the analysis of the answers
(Lederman & O’Malley, 1990) for the purpose of clarifying
and going into detail about the participants’ views related
to NOS (Abd-El Khalick, 1999).

In general, the tenets are the theoretical foundation
of the instrument “Views of Nature of Science” (VNOS)
and have been raised in the section conceptualization
NOS. These aspects are characterised by attending the
kindergarten through Grade 12 (K-12) students context
(Lederman et al., 2002). The purpose of showing such NOS
aspects is to contribute to K-12 teachers and education
researchers in the development of a scientifically literate
population, but not to give a list about science that
scientists develop (Lederman et al., 2014a).

The students’ responses to the above aspects of the
NOS are classified into two categories of analysis: a)
“naive views” and b) “informed views.” Even the analysis
of data reported in the annual summary of the second
year of the Inquiry, Context, and Nature of Science project
(Project ICAN) contemplates the third category of analysis
called “transitional views” (Project ICAN, 2003). These
categories are defined as follows:

Naive views: This happens when the answer given
by teachers or students is not consistent with
contemporary views of NOS aspect.

Transitional views: This happens when the answer

given by students or teachersis somewhatinformed
but not completely informed.

Informed views: This happens when the answer of
students or teachers is consistent and addresses all
parts of NOS aspect (Project ICAN, 2003).

Moreover, unclear answers are classified as
incomprehensible (Bartos, 2013). Table 4 shows some
samples of NOS naive and informed views.

According to Lederman (2007) and Lederman et al.
(2014), VNOS-C has open-ended questions focusing on
various NOS aspects and other open-ended questions in
a specific context. To deepen this characterization, each
of the open questions is classified into a) direct (without
specific context and focused on several NOS aspects) and
b) with specific context (Table 5).

VNOS-A-4,VNOS-A-5and VNOS-A-6do not contributeto
the description of tentative nature of scientific knowledge
(Lederman and O’Malley, 1990). For this reason, they are
not included in the table. Source: Own devising.

The forms VNOS-B and VNOS-C have an equal
percentage of direct questions and questions in context.
In the forms, VNOS-A, VNOS-D, VNOS-D+ and VNOS-E
direct questions prevail. The direct questions are short
and recall the tenets. An example is VNOS-C-5: “Is there
a difference between a scientific theory and a scientific
law?” (Lederman et al., 2002, p. 509). Open-ended
questions in context present the respondent with real
situations or everyday examples that illustrate the NOS
aspect being investigated. An example is VNOS-A-T:

“Some astrophysicists believe that the universe is
expanding while others believe that it is shrinking;
still others believe that the universe is in a static
state without any expansion or shrinkage. How are
these different conclusions possible if all of these
scientists are looking at the same experiments and
data?” (Lederman & O’Malley, 1990, p. 228).

When comparing the two types of questions, it is
plausible to think that questions with context exemplify
the NOS aspect of interest. This makes it easier to
establish a mental dialogue between that daily situation
and your NOS view, which is expected to be reflected
in the answers. This is especially important because
VNOS forms are currently used not only in research with
science teachers and their students, but also in other
professionals, for example, VNOS-C has been used to
characterize NOS views of special education teachers
(Mulvey, Chiu, Ghosh, & Bell, 2016), first-year university
students from different careers (pre-medicine, art major,
biology major, forensic science major) (Carter & Wiles,
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Table 4. Examples of naive and informed views taken with VNOS. Based on Lederman et al. (2002) and Abd-El-Khalick (1999)

NOS Aspect

More Naive Views

More Informed Views

The Tentative
Nature of
Scientific
Knowledge

“If you get the same result over and
over and over, then you become sure that
your theory is a proven law, a fact” (Form
B: Item 3) (Lederman et al., 2002, p. 515).

“Everything in science is subject to change with new evidence
and interpretation of that evidence. We are never 100% sure about
anything because...negative evidence will call a theory or law into
question, and possibly cause a modification” (Form B: question 1)
(Lederman et al., 2002, p. 515).

Empirical
nature of
scientific
knowledge

“I believe science is different. . .
because it uses concrete facts that have
been proven! are observable/ can be
repeated and seen by someone else to
get ... aright or wrong answer” (Abd-El-
Khalick, 1999, p. 337).

“Much of the development of scientific knowledge depends
on observation [But] | think what we observe is a function of
convention. | don’t believe that the goal of science is (or should be)
the accumulation of observablefacts. Rather, I think that. .. science
involves abstraction, one step of abstraction after another” (Abd-
El-Khalick, 1999, p. 339).

Difference and
relationship
between
theories and
laws

“A scientific law is somewhat set in
stone, proven to be true..A scientific
theory is apt to change and be proven
false at any time” (Form C: Item 5)
(Lederman et al., 2002).

“A scientific law describes quantitative relationships between
phenomenasuchasuniversalattraction between objects. Scientific
theories are made of concepts that are in accordance with common
observation or go beyond and propose new explanatory models
for the world” (Form C: item 5) (Lederman et al., 2002).

The Creative
and
Imaginative
Nature of
Scientific
Knowledge

“I don’t think [italics in original]
scientific investigation is best
characterized by creativity or
imagination. | think a composer can be
creative, a novelist can be imaginative,
etc.... Scientific investigations are often
tedious and repetitive, with the sole
purpose of generating new data on the
basis of previous data” (Abd-El-Khalick,
1999, p. 388).

“They use them [imagination and creativity] at all stages of
an investigation: planning, design, data collection and after data
collection. Because all of these stages are creatively distorted
[italics added] to make the experiment reflect their preconceived
notion as to how the experiment will turn out. They use their
imagination to get published in scientific journals and, to receive
monetary grant from the government and corporations” (Abd-El-
Khalick, 1999, p. 388).

“Yes, | think that scientists are imaginative and creative by
nature. Look at Sir Isaac Newton. He created calculus. That
definitely required creativity and imagination. To think of the
“great” scientific theories and laws one must be creative and have
a large imagination. | don’t think that Albert Einstein would be
considered uncreative or lacking in imagination after developing
the theory of Relativity” (Abd-El-Khalick, 1999, p. 393).

Subjectivity
in science
(theory-laden)

“Scientists are very objective because
they have a set of procedures they use
to solve their problems. Artists are more
subjective, putting themselves into their
work” (Form B: Item 4) (Lederman et al.,
2002, p. 516).

“It is possible [to reach different
conclusions] because the scientists were
not around when the dinosaurs became
extinct, so no one witnessed what
happened. . . | think the only way to give
a satisfactory answer to the extinction
of the dinosaurs is to go back in time to
witness what happened” (Abd-El-khalick,
1999, p. 409).

“Scientists are human. They learn and think differently, just
like all people do. They interpret the same data sets differently
because of the way they learn and think, and because of their prior
knowledge” (Form B: Item 7) (Lederman et al., 2002, p. 516).

“Different conclusions are possible for a number of reasons. It
seems that the datais scarce; therefore, scientists are forced [italics
added] to “flu in the gaps” using their imagination and creativity”
(Abd-El-Khalick, 1999, p. 410).

Socially and
culturally
embedded

“Claims that science is universal and
denies social and cultural influences on
science” (Kartal et al., 2018, p. 5).

“Science is about the facts and could
not be influenced by cultures and society.
Atoms are atoms here in the U.S. and are
still atoms in Russia” (Lederman et al.,
2002, p. 516).

“The needs of a society, personal needs, religious opinion and
even the languages spoken have an effect on scientific studies”
(Kartal et al., 2018, p. 7).

“Of course culture influence the ideas in science. It was more
than a 100 years after Copernicus that his ideas were considered
becausereligious beliefs of the church sort of favored the geocentric
model” (Lederman et al., 2002, p. 516).

Inference and
theoretical
entities in
science

“They [scientists] are very certain,
for they have observed the structure of
atoms using powerful microscopes to
actually peer at the structure of atoms of
various elements and count the protons,
neutrons, and electrons” (Abd-El-khalick,
1999, p. 397).

“Scientists have come upon the current model of an atom by
testing, manipulating, and observing the “behavior”/properties
of an atom based on charge properties and relationships with
other atoms and molecules. Scientists are fairly certain about
the structure, but again it is only a theory because scientists have
never seen an atom and its orbitals” (Abd-El-khalick, 1999, p. 400).
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Table 5. Classification of questions, whether direct or context
of each form. Own devising

Form Direct questions Questions in context
VNOS-A 1,2,3 7

VNOS-B  1,3,4 2,5,6

VNOS-C  1,2,3,5,6 4,7,8,9,10

VNOS-D 1,2,3,6 4,57

VNOS-D+ 1,2,3,8,9,10 4,5,6,7

VNOS-E  1,2,3,4,7 5,6

2017), prospective pre-school teachers (Aydemir, Ugras,
Cambay, & Kilic, 2017) and VNOS-B to identify NOS views
of preservice early childhood teachers (Akerson, Erumit,
& Kaynak, 2019). Hence, the number of context-specific
open-ended questions can help researchers choose the
most appropriate form for their population.

Besides questions without context and with context,
open-ended questions can be classified into those that
probe NOS aspects implicitly and explicitly (Table 6).
The form with the highest number of explicit questions
is VNOS-D+ (6 open-ended questions) and the form with
the lowest number is VNOS-A (1 open-ended question).
The NOS aspect with the largest number of explicit
questions is the tentative Nature of Scientific Knowledge
and is present in each VNOS form with at least one explicit
open-ended question. Except for VNOS-A, creative and
Imaginative asks explicitly at least once in the VNOS

forms. Scientific theories vs. Laws is explicitly asked in the
forms VNOS-B, VNOS-C and VNOS-D+. Social and cultural
influences are explicitly asked in VNOS-C and VNOS-D+. In
the VNOS forms, empirical nature of scientific knowledge,
observation vs. inference and subjectivity in science
(theory-laden) are not explicitly asked.

Consequently, during the analysis of the answers,
“units of analysis” can easily be identified for the explicitly
asked NOS aspects, which help to characterize the NOS
views of the participants. In contrast, researchers will
probably require more effort to recognize the NOS views of
the participantsin the case of empirical nature of scientific
knowledge, observation vs. inference and subjectivity in
science (theory-laden), and these NOS aspects should be
clarified in the monitoring interview. This does not mean
that the NOS aspects explicitly asked about do not need
to be clarified in the monitoring interview, only that it is
more likely to find in these aspects, units of analysis that
facilitate the interpretation of the results. For this reason,
VNOS-D+ can be considered an interesting form of VNOS
for researchers who are beginning to study the NOS
construct.

The explicit open-ended questions VNOS-D-6 and
VNOS-D+ - 6 refer to the scientific models. These open
questions appear in Table 6 in two NOS aspects closely
related to scientific models: The creative and imaginative
and observation vs inference; because, scientists infer
models to explain observations, and this they do through
their creativity, to obtain functional theoretical models

Table 6. Explicit open-ended questions for each NOS aspect in the VNOS forms
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A 1 25%
B 1 5 3 50%
C 6 10 8 5 40%
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E 3 7 28.6%

Source: Own devising.
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rather than faithful copies of reality (Lederman et al.,,
2014a).

Thus, the open-ended questions in combination
with the interviews, allow the analysis of the complexity
of the answers, recognizing if the respondent simply
expresses the NOS aspects in a declarative way, or on the
contrary, if they evidence NOS views that elicit a more
structured understanding of the NOS aspect, leading to
the recognition of science as a product and process.

Phase 2: Features of Each VNOS Form

VNOS-A of Lederman and O’Malley (1990). In 1990,
the researchers Norman Lederman and Molly O’Malley
designed a questionnaire of seven open-ended questions
for the purpose of characterising the views of science
that related to the category tentative nature of scientific
knowledge. It was administered to sixty-nine students in
secondary school (Lederman et al., 2002), thirty-three of
whom were women, booked in Physical Science, Biology,
Chemistry and Physics from grades 9-12 at a rural school
in western Oregon in the United States. Data from pre-
tests and post-tests of fifty-five students were obtained
because fourteen of the students did not participate in
the final test (Lederman & O’Malley, 1990).

Hence, the VNOS-A was created to be applied through
a semi-structured interview, which allows validating the
information and also eliminating any disadvantages of
paper-and-pencil tests, as reported by Rubba in the use
of the NSKS (as cited in Lederman, 2007; Lederman et al.,
2014a). Nevertheless, the authors expressed difficulties in
the redaction of some questions, which led the students
tointerpret a meaningdifferently from the one anticipated
by Lederman and O’Malley (Lederman et al., 2002);
therefore, the students’ opinions were not precisely about
the tentativeness of scientific knowledge. Even so, the
authors indicated that the monitoring interviews reduced
the problem (Lederman, 2007; Lederman et al., 2002;
Lederman et al., 2014a). Thus, from the seven developed
questions, Lederman and O’Malley (1990) considered
that the VNOS-A-1, VNOS-A-2, VNOS-A-3 and VNOS-A-7,
contributed to the description of the views about the
tentative nature of scientific knowledge. Semi-structured
interviews validated the questions.

The seven open-ended questionsin VNOS-A attempted
to address and improve the characterization of different
aspects of tentatively raised in the VOSTS (Views on
Science-Technology-Society) instrument (Lederman et
al., 2014a), developed by Aikenhead, Fleming and Ryan
(1987).Though Lederman and O’Malley do not mention
such tentative aspects, in Aikenhead et al. (1987), the
topics of the VOSTS instrument is given and among them
“tentative nature of scientific knowledge” and “nature

of the scientific models” which broach three of the four
aspects considered in VNOS-A-1,VNOS-A-2, VNOS-A-3 and
VNOS-A-7. Specifically, in Table 7, it is possible to associate
the items 13.1, 15 and 18.1 of the VOSTS instrument with
VNOS-A-1, VNOS-A-2 and VNOS-A-T.

VOSTS-15.2 inquires into the possibility of a change
in scientific knowledge in the future, even if it comes
from properly conducted research. Among the students’
answers, views emerge where scientific knowledge will
change in the future. These changes may be generated by
a) competition between theories, b) the development of
new technology, c) the emergence of new interpretations
and explanations to empirical evidence, or d) by the
accumulation of knowledge. VNOS-A-1 addresses this
aspect with the question: “..., does the theory ever
change?” (Lederman & O’Malley, 1990, p. 228).

VOSTS-13.1 is about changing scientific models.
Among the students’ views are that scientific models
change as well as theories. VNOS-A-2 considers that
scientific models change over time when asked about the
certainty that scientists have of the model of the atom.

VOSTS-90511 focuses on the difference between
theory and law. In its different response options, the item
raises students’ views. In option E, theories and laws are
different forms of knowledge, and hypotheses can become
either theories or laws. VNOS-A-3 asks specifically about
the difference between theories and laws.

VOSTS-18.1 deals with the disagreement of scientists
on the same problem. The students’ views indicate that
disagreement among scientists arises because each one
infersadifferentinterpretation ofthefactsorbecausethey
interpret from different theories. VNOS-A-7 addresses this
aspect, when it asks the reasons that lead scientists to
obtain different conclusions, despite observing the same

experiments and data.
VNOS-B of Abd-El-Khalick, Bell, and Lederman

(1998). The researchers Fouad Abd-El-Khalick, Randy
Bell and Norman Lederman developed the VNOS-B,
which consisted of seven open-ended questions applied
to fourteen science teachers, five of whom were women,
and all were enrolled in a teacher preparation program in
arural for the purpose of getting a science certification at
the secondary school level. The categories that VNOS-B
form allows to characterize are: 1) the tentative nature of
science, 2) the empiric nature of science, 3) the creative
nature of science, 4) the subjective nature of science, 5)
the role of social and cultural contexts on science, 6) the
observation versus the inference and 7) the functions and
relation between theories and laws (Abd-El-Khalick et al.,
1998). Table 5 presents the direct open-ended questions
and the open-ended questions in context. In addition,
explicitly in VNOS-B, the questions VNOS-B-1, VNOS-B-5
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Table 7. Items and opinions of students about the VOSTS instrument which are related to three questions of the VNOS-A

instrument and also can clarify some aspects of tentative nature of scientific knowledge

VOSTS

VNOS-A

Item 15 of VOSTS (VOSTS-15) , about tentative of scientific knowledge:

“15.1 When scientific investigations are done correctly, scientists discover
knowledge that will not change in future years.

15.2 Even when scientific investigations are done correctly, the knowledge that
scientists discover may change in the future.” (Aikenhead, 1987, p. 467).

“A. Scientific knowledge has always changed with time.

B. Scientific knowledge changes when new scientists disprove the theories of old
scientists.

C. Technological improvements in scientific apparatus will lead to changes in
knowledge and theories.

D. What seems to be a correct investigation may turn out later to contain errors.

E. Correctly done experiments must yield absolute facts, but the interpretations
and applications are subject to change.

F. New knowledge is added onto old knowledge, but the old knowledge doesn’t
change” (Aikenhead, 1987, p. 467).

VNOS-A-1:

“After scientists have developed
a theory (e.g., atomic theory), does
the theory ever change? If you believe
that theories do change, explain why
we bother to learn about theories.
Defend your answer with examples.
[Conclusive/Tentative]” (Lederman &
O’Malley, 1990, p. 228).

Item 13.1 of VOSTS (VOSTS-13.1), about the nature of scientific models:

“Many scientific models (such as a model of the atom or of DNA) are metaphors
or useful stories; we should not believe that these models are duplicates of reality.”
(Aikenhead et al., 1987, p. 161 y Aikenhead, 1987, p. 463).

Views from students got by saturation in the answers justification of the item:

“...B. Models change with time and with the state of our knowledge, like theories
do...” (Aikenhead, 1987, p. 463).

VNOS-A-2:

“What does an atom look like? How
do scientists know that an atom looks
like what you have described or drawn?
[Realist /Instrumentalist]” (Lederman &
O’Malley, 1990, p. 228).

VOSTS-90511. “Scientific ideas develop from hypotheses to theories, and finally, if
they are good enough, to being scientific laws.

... E. Theories can’t become laws because they both are different types of ideas.
Laws describe things in general.

Theories explain these laws. However, with supporting evidence, hypotheses may
become theories (explanations) or laws (descriptions).” (Aikenhead et al., 1989, p. 99).

VNOS-A-3:

“Is there a difference between
a scientific theory and a scientific
law? Give an example to illustrate
your answer. [Induction/Invention]”
(Lederman & O’Malley, 1990, p. 228).

From item 18.1 of VOSTS (VOSTS-18.1):

“When scientists disagree on an issue (e.g. whether or not low-level radiation
is harmful), they disagree mostly because one side does not have all the facts.”
(Aikenhead et al., 1987, p. 161).

Views from students got by saturation in the answers justification of the item:

“F. Disagreements occur mostly because scientists interpret the facts differently,
or they interpret the significance of the facts differently.

H. Disagreements occur because of different opinions, viewpoints or theories on
the subject.” (Aikenhead, 1987, p. 474 y 475).

VNOS-A-T:

“Some  astrophysicists  believe
that the universe is expanding while
others believe that it is shrinking; still
others believe that the universe is in
a static state without any expansion
or shrinkage. How are these different
conclusions possible if all of these
scientists are looking at the same
experiments and data? [Subjectivist/
Objectivist]” (Lederman & O’Malley,
1990, p. 228).

and VNOS-B-3 inquire about the tentative nature,
creativity and imagination and also about theories and
laws, respectively (table 6).

An analysis of open-ended questions allows to
associate in which a researcher can find units of analysis
that allow interpreting the views of the participants.
Thus, data on empirical nature of scientific knowledge are
likely to appear in VNOS-B-2 and VNOS-B-4, observation
vs inference in VNOS-B-2, social and cultural influence
in VNOS-B-1, subjectivity in science (theory-laden) in
VNOS-B-1 and VNOS-B-6 (table 8).

Finally, VNOS-B has seven open-ended questions
(Lederman et al., 2002), but six open-ended questions
have been classified in Table 5. The missing open-ended
question is: “Is there a difference between scientific
knowledge and opinion? Give an example toillustrate your
answer” (Lederman et al., 2002, p. 505). It is not included
in table 5, because in the form retrieved and used in the
analysis, this question is not part of VNOS-B. Furthermore,
the difference between scientific knowledge and opinion
is not investigated in the following developed VNOS
forms, probably because it does not contribute to eliciting
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Table 8. Association between NOS aspects and open-ended questions of each form VNOS
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Source: Own devising.

the NOS views of the participants.

VNOS-C of Abd-El-Khalick and Lederman (2000). In
the Doctoral Thesis of Fouad Abd-El Khalick (1999) and in
the article which presents some parts of it (Abd-El-Khalick
& Lederman, 2000), it is used as an instrument with nine
questions; it is adapted from Lederman & O’Malley (1990)
and Abd-El-Khalick et al. (1998) that is from the VNOS-A
and VNOS-B. Five expert university teachers proved this
instrument, three of whom were science educators, one
was a science history expert and one was a scientist.
The authors adopted comments from the panel (Abd-
El-Khalick & Lederman, 2000). Another question about
the social and cultural integration of science was added,
which is in Lederman et al. (2002).

Thus, the questions VNOS-C-6, VNOS-C-10, VNOS-C-8
and VNOS-C-5 explicitly evaluate the tentative nature,
the influence of culture and society on science, creativity
and imagination as well as theories and laws (table 6).
To facilitate the interpretation of the VNOS-C answers,
Table 8 lists the open-end questions and NOS aspects
that could be characterized, and where the researcher is
likely to find units of analysis to reveal the NOS views of
the participants.

Also, units of analysis to interpret NOS views related to
nature of scientifictheories, functions of scientifictheories
and logic of testing scientific theories can be obtained
in the responses to VNOS-C-3, VNOS-C-5 and VNOS-C-6.
While most research using VNOS-C does not address
these three aspects, it does demonstrate the potential of
the form to recognize the views of participants, especially
when combined with the monitoring interview. Similarly,

VNOS-C form is the only that addresses the definition of
an experiment (VNOS-C-2) and the relationship between
experiments and the development of scientific knowledge
(VNOS-C-3). Surely these questions are not in other VNOS
forms, because more questions also address the empirical
nature of scientific knowledge (Table 8).

On the other hand, although Lederman and his
collaborators differentiate the NOS and Sl constructs, as
commented in the theoretical framework, when designing
VNOS-C “also aimed to assess views of the social and
cultural embeddedness of science and the existence of
a universal scientific method” (Lederman et al., 2002, p.
509). Although the “Views About Scientific Inquiry” (VASI)
instrument (Lederman et al., 2014c) allows to characterize
Slviews at present, it is possible to find in the answers of
VNOS-C-1 and VNOS-C-6 some reference to “the existence
of a universal scientific method.” In this regard, Abd-El-
Khalick (2006) says thatin VNOS-C there is no reference to
the scientific method, however, in one of his investigations
using this form, he reports that:

“10% of participants indicated that science differs
from religion and philosophy in that it has the
scientific method... An additional 14% noted that
scienceis typified by a set of orderly steps and rules
or a systematic, structured, rigid, standardized,
or logical method: Science is different from other
disciplines... because there is a very structured
and methodical way that scientists follow. The
particular steps that participants assigned to this
common method, logical standardized method,
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rigid process, or The Scientific Method” (p.400).

VNOS-D of Lederman and Khishfe (2002). VNOS-D
form is a modification of the VNOS-C that was created
to reduce administration time because it requires about
45 to 60 minutes (Lederman et al., 2002), although
it can be an hour and a half (Lederman et al., 2002).
Language and composition were modified during the
process (Lederman, 2007). It was validated with a group
of ten secondary school teachers and their students
(Lederman, 2007; Lederman et al., 2014a). As a result,
a new form was obtained, which is solved by teachers
in less than an hour (Lederman, 2007). The VNOS-D has
seven open-ended questions. In 2010, Norman Lederman
and Judith Lederman presented the VNOS D+ form
(PhysPort, Supporting Physics Teaching with Research-
Based Resources, 2020), which consists of 10 open-ended
questions. Despite the VNOS-C and VNOS-D+ forms have
the same number of open-ended questions, VNOS-D+
is less extensive than VNOS-C. This is possible, because
VNOS-D+ has more direct questions than VNOS-C.

The VNOS-D-3, VNOS-D-6 and VNOS-D-7 questions
explicitly evaluate the tentative nature, scientific
models, and creativity and imagination (table 6). The
questions VNOS-D+-3 and VNOS-D+-9 explicitly evaluate
the tentative nature, while VNOS-D+-6, VNOS-D+-10,
VNOS-D+-7 and VNOS-D+-8 explicitly evaluate scientific
models, social and culturalinfluence on science, creativity
and imagination and theories and laws, respectively
(table 6). To facilitate the interpretation of the VNOS-D and
VNOS-D+ answers, table 8 lists the open-ended questions
and the NOS aspects that could be characterized, and
where the researcher is likely to find units of analysis to
reveal the NOS views of the participants.

An interesting adjustment in these VNOS forms are

R
% VNOS-A-1 Extension % VNOS .1 eduction

Figure 2. Transformations of the VNOS-A-1. Source: own devising

VNOS-D-6 and VNOS-D+-6, because they explicitly
address scientific models. Eventually, it is possible that
in VNOS-B-2 or VNOS-C-4 the participants mention the
scientific models, but if you want to analyse this NOS
aspect,theVNOS-DandVNOS-D+formsarerecommended
from the present analysis.

Similar to what happened in VNOS-C-1 and VNOS-C-6,
in VNOS-D-1, VNOS-D-2, VNOS-D+ -1, VNOS-D+ -2 some
reference to “the existence of a universal scientific
method” could be found, although if the objective is to
analyse Sl, the researcher should use the VASI instrument.

VNOS-E of Lederman and Ko (2004). VNOS-E form was
validated with a group of ten primary teachers and their
students (Lederman, 2007; Lederman et al.,2014a) and it is
the firstinstrument developed K-3 students who are very
young. It consists of seven open-ended questions with a
more straightforward language than the previous forms,
considering the population under study. As table 6 shows,
the VNOS-E-3 and VNOS-E-7 questions explicitly deal with
the tentative nature and the creativity and imagination in
scientific knowledge. To facilitate the interpretation of the
VNOS-E answers, table 8 lists the open-ended questions
and the NOS aspects that could be characterized, and
where the researcher is likely to find units of analysis to
reveal the NOS views of the participants.

Similar to what happened in VNOS-C-1, VNOS-C-6,
VNOS-D-1, VNOS-D-2, VNOS-D+ -1 and VNOS-D+ -2, in
VNOS-E1 and VNOS-E2 some reference could be found to
“the existence of a universal scientific method”, although
if the objective is to analyse SI, an adaptation of the VASI
instrument should be used according to the population.

Phase 3: Comparison of Questions among VNOS Forms
The VNOS-A-1 considers the change in theories
through time; Figure 2 shows the VNOS-A-1 changing

Substituben

Fragmentation

ragmentation
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Figure 4. Transformations VNOS-A-3. Source: Own devising

through time; it starts with the extension in VNOS-B
adding some examples from the theories and clarifying
that it is with respect to the scientific theory. Despite
this, in VNOS-C-6 the question “explain, why theories
change?” is explicitly presented. As an example, it
introduces the theory of evolution and the atomic theory.
VNOS-D-3 presents a substitution; here it has changed
the concept of scientific knowledge to scientific theory,
which does not ask for reasons as to why we do need to
learn scientific theories. The VNOS-C-6 is fragmented into
VNOS-D+-3 and VNOS-D+-9, both of which focused on the
tentative nature, the first one of the scientific knowledge
and the second one of scientific theories. The VNOS-C-6
is replaced in VNOS-E-3 and specifically asks about the
change in knowledge in the future.

Figure 3 shows the VNOS-A-2 and VNOS-A-7
transformations. Thefirst one is formed by two questions,
oneofthem about how the atom looks and the otherabout
the scientists’ certainty about the appearance described
by the respondent. The other question is about scientists’
certainty about the appearance of atoms. In VNOS-B-2 a
context replacing the first question is added, it explains
how the textbooks represent the atoms; it also formulates
two questions which ask about: 1) the scientist’ certainty
with respect to the atom structure and 2) the specific
evidence that respondents believe scientists used to
determine the atom structure. In VNOS-C-4, the context
and the first question are identical; however, the second
question is widened and substituted, as it questions

specific evidence or types of evidence and modifies
some words without changing the semantic sense of
the question. The VNOS-C-4 is similar to VNOS-C-7 since
it searches about the certainty that scientists have,
firstly about the atom structure and secondly about the
characterisation of “what a species is?”

In VNOS-A-7, it seems a context about the predictions
of the final destiny of the universe. In VNOS-B-6, a
substitution is made, both in the context and in the
question. VNOS-C-9 substitutes the context and the
question. Thus, the context is framed in two hypotheses
about the extinction of dinosaurs, and the question
continues to focus on how scientists reach different
conclusions if they use the same data.

The VNOS-D-4 has three questions, the first and
second inquire about: a) how scientists know that
dinosaurs existed? and b) how sure are scientists about
what dinosaurs look like? These questions resulted from
a substitution from VNOS-C-4 that refers to the certainty
of the scientists about the structure of the atom and
the evidence about its aspect. The third question from
VNOS-D-4 is a substitution from VNOS-C-9. VNOS-D+-
4a and VNOS-D+-4b are considered amplifications of
VNOS-D-4a and VNOS-D-4b, as they ask the respondent
to generate an explanation of the answer. VNOS-D+-4c
presents a substitution in the conjugation of a verb.
VNOS-D+-4d appears for the first time and refers to
the interaction between scientists to persuade each
other to accept a theory. VNOS-E-4a and VNOS-E-4b are
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substitutions of VNOS-D-4a and VNOS-D-4b, according to
the K3 population age. Finally, VNOS-E-5 is a substitution
for VNOS-D-4c, both in the context and in the question;
like the previous one, it is an adaptation in language to
improve the understanding of a young population.
VNOS-A-3 includes the difference between theory
and scientific law. Figure 4 shows a few transformations
of VNOS-A-3. Thus, VNOS-B-3 is identical to VNOS-A-3;
VNOS-C-5 shows substitution due to changes in some
words when it requests an example in order to illustrate
the answer, and VNOS-D+-8 is identical to VNOS-C-5.
About this aspect, there are no explicit questions in
VNOS-D norin VNOS-E.
Thesequestionsinvolvethedifferencebetweenscience
and other disciplines. Figure 5 shows the transformations
VNOS-A-4, so VNOS-B-4 isidentical to VNOS-A-4, and they
are conformed by two questions that compare science
and art, the first question about their similarities and the
second about their differences. VNOS-C-1 is a reduction,
extension and substitution of VNOS-B-4 due to the fact
that it eliminates the questions related to how similar
are science and art and a question about what is science
is added; on the other hand, the question about the
difference between science and art is changed by one
related to the difference between science or scientific

sion and ?-UbStltlltlr_m' ﬁ WNOSDT B equal to % VNOS-D=-7

ion and substitution

discipline and other inquiry disciplines, such as religion
or philosophy. VNOS-D-1 and VNOS-D-2 emerge from the
fragmentation, reduction, and substitution of VNOS-C-1.
ThusVNOS-D-1isaminimal reduction because it omitsthe
words “in your view” from the question, and VNOS-D-2 is
a substitution that inquiries about the difference between
science and some other subjects taken by the respondent.
VNOS-D+-1 and VNOS-E-1 are identical to VNOS-D-1. The
VNOS-D+-2 is a substitution of the second question of
VNOS-C-1; it focuses on the difference between science
or scientific disciplines with other subjects or disciplines,
including art, history and philosophy. VNOS-E-2a and
VNOS-E-2b emerge from fragmentation and substitution
of the second VNOS-C-1 question because they ask K3
students about the other subjects they learn (different
from science) and how science is different from these.
The next questions explicitly cover the creativity
and imagination of scientists. Figure 6 shows these
transformations. Thus, VNOS-B-5 is a substitution of
VNOS-A-5 because it inquiries about the experiments/
research stages (besides planning and designing) that
are where scientists use their creativity and imagination.
VNOS-C-8 is a substitution and addition of VNOS-B-5, it is
a substitution because VNOS-C-8 indicates that scientists
conduct experiments/research to find answers to the
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questions asked, and VNOS-B-5 says that experiments/
research are conducted to try to solve problems. On the
other hand, it is an addition because it adds some other
stages where scientists use creativity and imagination.
VNOS-D-7 is a substitution and addition from VNOS-C-8
since the question isreorganised, but it keeps its semantic
meaning, adding stages such as experimentation,
observations, data analysis, interpretation and results
reported. VNOS-D+-7 is identical to VNOS-D-7. VNOS-E-Ta,
b and VNOS-E-7c are a result of the fragmentation and
substitution of VNOS-C-8 since they inquire about how
scientists use imagination while they work and, if they do,
when do they use it.

The following questions explicitly inquire about
the influence of social and cultural values on science.
Figure 7 shows the transformation of these questions.
VNOS-D+-10 is a reduction and substitution of VNOS-C-10
since it omits the context and the question is reorganised
by asking about the existence of relationships between
science, society and cultural values. When the answer is
affirmative, it asks about how that relationship is. If the
answer is negative, it asks why the relationship does not
exist. InVNOS-A, B, D and E, there are no specific questions
about this relationship.

Figure 8 shows the questions that explicitly inquire
about models. VNOS-D-5 and VNOS-D+-5 are identical,
in their context they consider that in order to make
weather predictions, meteorologists collect many types
of information, and then they create models of different
weather patterns using computers. The question asks
about safety in weather patterns, what people who
predict the weather have and asks for an explanation of
the answer. The VNOS-E-6 is a substitution of VNOS-D-5;
here, the language is adapted to K3 students without
changing the semantic meaning.

VNOS-D+-6 is an extension and replacement of
VNOS-D-6 and also questions some aspects of the
models. Thus, VNOS-D-6 directly asks, what is a scientific
model? As opposed to VNOS-D+-6, which presents a
context about the model of the interior of the earth and
asks about the similarity of the model and reality.

Finally, VYNOS-C-2 and VNOS-C-3 present the question,

what is an experiment? and whether or not
experiments are necessary for the development
of scientific knowledge; these aspects are not
explicitly found in other forms of the instrument.
Similarly, the explicit question about the difference
between scientific knowledge and opinion is only
found in VNOS-A-6.

CONCLUSIONS

This article facilitates the approach of future
NOS researchers to VNOS forms, because elements to
facilitate the interpretation of VNOS forms are presented
from the three phases of results and discussion. This
instrument has been used in the characterization of the
NOS views of pre-service and in-service teachers, both
elementary and secondary, as well as their students.

Thus, in the phase “general characteristics of VYNOS™:

1. Presents the categories of analysis and some
examples of each NOS aspect classified in naive views and
informed views.

2. It deepens the distinction made by Lederman et
al. (2014a) about: a) open questions focused on various
NOS aspects (direct questions) and b) open questions
focused on a specific context. Thus, table 5 classifies each
question of the VNOS form set into these two types of
open questions. This classification identifies VNOS-C as
the form with the most open questionsin context. This can
be of great interest, because the training in epistemology
that teachers receive varies greatly among training
programs, especially among teachers at different levels
of education (Aydemir et al., 2017; Duruk, Akgtin, & Tokur,
2019). Of course, this depends on the characteristics of
teacher training in each country. For this reason, these
reflections contribute to NOS researchers making better
methodological decisions.

3. Furthermore, a distinction is made in the set of
forms VNOS between explicit and implicit questions. The
VNOS-D+ form has more explicit open-ended questions,
and in whose answers researchers are likely to find units
of analysis to characterize NOS views more easily. Table 6
relates the NOS aspects to these open-ended questions.

The phase “characteristics of each version”
contextualizes the reader in the particularities of each
form, specifically, in VNOS-A the researcher will find some
aspects, such as “tentative scientific knowledge” and
“the nature of scientific models” of the VOSTS instrument
considered by Lederman and O’Malley (1990), and some
of the answers that Aikenhead et al. (1987) obtained and
that the NOS researchers at present could also find, either
when using VNOS -A or in the similar questions found in
other VNOS forms.
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Also, the analyses of VNOS-B, VNOS-C, VNOS-D,
VNOS-D+ and VNOS-E identify the NOS aspects that the
researcher could characterize from each open-ended
question.

The phase called “Comparison of questions between
the VNOS forms” establishes relationships between the
questions that evaluate the same aspects NOS through
the VNOS forms. Thus, researchers can follow the
questions that evaluate one or more aspects NOS through
the VNOS forms. We suggest that researchers who need
to evaluate a specific aspect NOS could take the question
or the set of questions that evaluate that aspect from the
most appropriate VNOS form, according to the objectives
of their research.

Thus, theresearchers can choose the most appropriate
VNOS forms for their respective research, depending on
the proposed objectives. For this, they can use the tables
that classify the items indirect questions or with the
context in each NOS form (table 5), identifying the explicit
questions for each NOS aspect in the VNOS forms (table
6), the association of NOS aspects and questions of each
form VNOS (table 8), and the analysis of the questions
through the NOS forms according to the NOS aspect.

The above contributions are important, because it
allows making diagnoses, evaluating the transformations
in NOS views of students and teachers when applying
teaching strategies and associating NOS views of
respondents with other constructs. Consequently,
approaching the field of identification of ideas about NOS
is of vital importance for science teaching. In that sense,
recognising its conceptual structures and how these ideas
could be investigated in school contexts becomes very
relevant, while at the same time knowing what VNOS form
could be used depending on the type of population and
the objectives of the research.

Of course, the VNOS forms have been developed from
the general domain conceptualization and itis undeniable
that from this approach, several investigations have
been developed, which have put teachers and students
of different levels to talk about NOS. In this sense, the
VNOS forms are widely used, and future researchers must
know their general and specific aspects, as well as the
interpretation of the set of VNOS forms.

Finally, it is necessary to recognize some scopes and
limitations of VNOS. Among the scopes, we consider
that the questions that make up the VNOS forms
(open questions), have the potential to gather detailed
information from the participants’ views, which will
be increasingly sophisticated according to the level of
depth with which the NOS reflections are approached,
from the teaching strategies that didactic research raises
and rethinks through time. With this we do not indicate

that the VNOS forms are appropriate to characterize the
NOS views from all the existing NOS conceptualizations,
but that they do have the potential to characterize some
aspects (in addition to those already mentioned).

Among these, VNOS forms can help obtain information
about Experimentation, Models raised by Matthews,
experiments, models, role of imagination and creative
syntheses raised by Allchin, and in conjunction with
the VASI instrument, could characterize the scientific
knowledge, processes of Inquiry, methods and
methodological rules raised by Erduran and Dagher.

The following units of analysis are obtained from VNOS
forms and their monitoring interviews, which exemplifies
their potential in characterizing some of these aspects:

From VNOS-C-2: “An experiment is a controlled
way to test and manipulate the objects
of interest while keeping all other factors
the same” (Lederman et al., 2002, p. 514).

From VNOS-C-2: “An experiment is a sequence
of steps performed to prove a proposed
theory” (Lederman et al, 2002, p. 514).

From VNOS-C-3: “Experiments are not always
crucial . . . Darwin’s theory of evolution . . . cannot
be directly tested experimentally. Yet, because of
observeddata...ithasbecomevirtuallythelynchpin
of modern biology” (Lederman et al., 2002, p. 514).

From VNOS-D-6: “Scientific model are models
formed by individuals as a result of research,
experiments and use of imagination and creativity.
For instance, we formed a scientific model during
the black box activity. We did not know what was
inside the box. Scientists cannot have all the data
whileformingmodels. Forinstancetheydonotknow
how the inner layers of the sun are. But they form it
as a result of the data they obtain. They do not have
the chance to openitup and see. | mean they model
it with the help of the data they have. As | said, they
do research, they make experiments, and they
make many experiments to learn about the layers
of the Sun and the Earth. They do research using
various sources. As a result, they use their data and
their imagination and creativity and interpretation
to form a model” (Metin & Leblebicioglu, 2015, p. 9).

So, among the limitations, other NOS aspects are
outsidethedomain oftheVNOSforms,suchasidealisation,
values and Socioscientific issues, mathematization,
technology, explanation, worldviews and religion,
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theory choice and rationality, feminism, realism and
constructivism proposed by Matthews, dimension
observation and measurements, instruments, patterns
of reasoning, historical dimensions, human dimensions,
institutions, biases, economics/funding raised by Allchin,
and aims and values, professional activities, the scientific
ethos, the social certification and dissemination of
scientific knowledge, social values of science, social
organizations and interactions, political power structures
and financial systems proposed by Erduran and Dagher.

In this respect, the VNOS forms cannot characterize
many aspects NOS conceptualized in recent years,
nor is it their objective. However, they are mentioned
because NOS researchers must be aware of the scope
and limitations. Surely, with time, instruments will be
designed and validated that attempt to characterize these
NOS conceptualizations, as well as teaching strategies
for a construct that is as broad and complex as science
itself. The academic production of the next few years will
probably be as abundant, controversial and interesting as
that of this century.
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