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Zusammenfassung 
Die Forschung zu epistemischen Überzeugungen (EBs) und der Natur der Naturwissenschaften 
(NOS) eint das gemeinsame Ziel, die Ansichten von Schülerinnen und Schülern über die 
Naturwissenschaften zu erheben und besser zu verstehen. Bis heute sind die beiden 
Forschungsfelder jedoch weitgehend voneinander getrennt. Ziel dieser Dissertation ist es 
daher, beide Forschungstraditionen zu integrieren und eine Diskussion über traditionelle 
Grenzen hinweg anzustoßen. Die Dissertation umfasst zwei empirische Forschungsstränge 
sowie einen theoretischen Ansatz zur Restrukturierung des Forschungsfeldes der 
epistemischen Aspekte im naturwissenschaftlichen Unterricht. Zu letzterem stellt diese 
Dissertation ein innovatives und integratives zweidimensionales Modell zur Einordnung von 
naturwissenschaftsdidaktischer Forschung zu epistemischen Aspekten vor. Das Modell 
integriert unterschiedliche Forschungstraditionen und ermöglicht eine Unterscheidung von 
Forschungsarbeiten oder -ansätzen im Hinblick auf zwei Kontinua, die sich zwischen den Polen 
einer kollektiven und individuellen Sichtweise sowie dem Kontext der professionellen 
naturwissenschaftlichen Forschung bzw. dem schulischen naturwissenschaftlichen Unterricht 
entfalten. Innerhalb der Dissertation wird das Modell zur Einordnung der beiden empirischen 
Teile in das Forschungsfeld genutzt. Der erste empirische Schwerpunkt dieser Dissertation 
liegt auf der Erhebung der schul- sowie wissenschaftsbezogenen EBs der Schülerinnen und 
Schüler. Ausgehend von der Annahme, dass die explizite Berücksichtigung des schulischen 
Kontexts das Verständnis der Ansichten von Schülerinnen und Schülern über die 
Naturwissenschaften erweitern kann, wird mit dieser Dissertation eine Adaption des 
Fragebogens von Conley et al. (2004) zur Verfügung gestellt. Der adaptierte Fragebogen 
umfasst zwei Versionen jeweils analoger Items, die eine vergleichende Erhebung der schul- 
und wissenschaftsbezogenen EBs von Schülerinnen und Schüler ermöglichen. Die Befunde 
einer Studie mit N = 405 Sekundarschülerinnen und -schülern aus den Klassenstufen 6, 8 und 
10 stützen auch empirisch die theoretisch vorgeschlagene Unterscheidung zwischen schul- 
und wissenschaftsbezogenen EBs. Generell zeigen die Ergebnisse eine höhere Zustimmung 
der Schülerinnen und Schüler zu den wissenschaftsbezogenen Skalen sowie eine insgesamt 
höhere Zustimmung in höheren Klassenstufen. Der zweite empirische Teil dieser Dissertation 
konzentriert sich auf die Erhebung des Verständnisses der Schülerinnen und Schüler von der 
Natur wissenschaftlicher Untersuchungen (NOSI) für verschiedene Bildungsniveaus. Mit Hilfe 
von deutschen Versionen des „Views about Scientific Inquiry“ (VASI; Lederman et al., 2014) 
Fragebogens wurden qualitative Daten in den Klassenstufen 4, 7 und 12 sowie von 
angehenden Lehrkräften und somit insgesamt N = 307 Teilnehmenden erhoben. Die 
Ergebnisse zeigten, dass ein höheres Bildungsniveau mit einem differenzierteren NOSI-
Verständnis assoziiert war. Im Allgemeinen hatten die Teilnehmenden ein eher 
fortgeschrittenes Verständnis davon, dass gesammelte Daten und abgeleitete Erklärungen 
übereinstimmen müssen und dass wissenschaftliche Erklärungen durch Daten und Vorwissen 
gestützt werden müssen. Qualitative Analysen der naiven Argumentationen von 
Teilnehmenden deuteten jedoch häufig auch darauf hin, dass die Objektivität von 
Forschenden überschätzt und Aspekte der Subjektivität unterschätzt werden. Aufbauend auf 
den empirischen Befunden und theoretischen Beiträgen dieser Dissertation werden 
schließlich Implikationen für die naturwissenschaftliche Unterrichtspraxis, einschließlich der 
Lehrkräfteaus- und -fortbildung, sowie für die naturwissenschaftliche Bildungsforschung mit 
Bezug zu verschiedenen Ebenen des deutschen Bildungssystems diskutiert. 
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Abstract 
It is the common goal of research related to Epistemic Beliefs (EBs) and nature of science (NOS) 
to assess and better understand students’ views about science. However, to this date the two 
research fields have widely remained separate from each other. This thesis, therefore, aims 
to integrate both research traditions and to initiate discussion across traditional boundaries. 
Comprised in this thesis are two lines of empirical research as well as a theoretical approach 
to restructure the research field of epistemic aspects in science education. Regarding the 
latter, this thesis offers an innovative and integrative two-dimensional framework for research 
on epistemic aspects in science education. The framework is inclusive to different research 
traditions and offers a distinction of research with regard to two continua that unfold between 
the poles of a collective and individual view as well as the contexts of professional and school 
science, respectively. Using the framework to position this thesis’s two empirical parts, the 
first empirical focus of this thesis lies on the assessment of students’ EBs related to 
professional and school science, respectively. Based on the assumption, that the explicit 
consideration of the school science context may further elucidate understanding of students’ 
views about science, this thesis offers an adaption of the questionnaire by Conley et al. (2004). 
The adapted questionnaire uses two analogous sets of items to comparatively assess students’ 
EBs related to professional as well as school science. In a study with N = 405 secondary school 
students from grade levels 6, 8 and 10, the empirical findings empirically support the 
distinction between EBs related to professional and school science. In general, results revealed 
higher agreement with the scales related to professional science as well as higher agreement 
in higher grade levels. The second empirical part of this thesis focuses on the assessment of 
students’ understandings about the nature of scientific inquiry (NOSI) at different educational 
levels. Using German versions of the Views about Scientific Inquiry questionnaire (VASI; J. S. 
Lederman et al., 2014), qualitative data were collected in grade levels 4, 7, 12 and from pre-
service teachers with a total of N = 307 participants. The results showed that higher 
educational levels were associated with more sophisticated NOSI understanding. In general, 
participants had a rather sophisticated understanding regarding the need for consistency 
between the collected data and derived explanations as well as for scientific explanations to 
be supported by data and prior knowledge. However, qualitative analyses of participants’ 
naïve reasoning also frequently suggested that the objectivity of researchers is overestimated 
with aspects of subjectivity being underestimated. Building on the empirical findings and 
theoretical contributions of this thesis, implications for science teaching practice, including 
teacher education and professional development, as well as science education research 
targeting different levels of the German educational system are discussed.  
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1. Introduction
“We know that what we see is influenced by what we know and by how we ‘look’.” 

(Duschl, 2008, p. 276) 

With this sentence, Richard Duschl aptly summarized the theory-driven nature of science. For 
this thesis, this constructivist perspective should be taken to heart and applied to its own 
research field of science education: The overarching aim of this thesis is to provide our 
community with additional knowledge and understanding of students’ views about science, in 
order to offer and promote an additional, innovative perspective to “look” at epistemic 
aspects of science and its assessment.  

As researchers in the field of science education, we are unified by our interest in fostering 
students’ learning of and about science with the ultimate goal of educating scientifically 
literate citizens. Zooming in to the particular research field of students’ views about science, 
our science education community benefits from data informing us about these views and 
possible changes therein with respect to different educational levels. Two research fields that 
commonly consider students’ views about science are the fields of Epistemic Cognition (EC) or 
Epistemic Beliefs (EBs) as well as Nature of Science (NOS) and Nature of Scientific Inquiry 
(NOSI). However, our community continues to struggle with the relationship between these 
research fields with some people using the terms synonymously and others continuing to 
pronounce the differences. In addition, analyses of students’ views about science are 
complicated by ongoing debates about the interpretation of these views in terms of for 
example, sophistication, productivity, or else.  

This thesis aims to address these issues and to contribute to the development of the research 
field of science education, in terms of refining theoretical conceptualizations and empirical 
assessment as well as prospectively informing science teaching by extending the data on 
students’ views about science with respect to different grade levels. As it is pointed out in the 
title, this thesis chose the approach to integrate the two perspectives of EBs and NOSI, in order 
to reach its goal of enriching the scientific community’s understanding of students’ views 
about science. Therefore, two lines of empirical research related to the respective research 
traditions of EBs and NOSI are comprised in this thesis. For both research lines, this thesis 
offers a series of empirical studies conducted to describe students’ views about science and 
changes therein across different educational levels (cf. Chapters 3 and 0). With regard to the 
field of EBs, this thesis also offers an innovative assessment approach, as the construct of EBs 
about science is further differentiated to conceptualize EBs related to professional science as 
well as EBs related to school science (cf. Chapter 3). This refined theoretical conceptualization 
of EBs also offers a new perspective and additional option to interpret students’ views about 
science. Over the course of this thesis, both lines of research are combined and integrated 
aided by an innovative theoretical framework. The respective framework has been developed 
by the author for this integrative purpose by restructuring existing research on epistemic 
aspects in science education (cf. Chapter 2.4). 

The following paragraph outlines the structure of this thesis with respect to the main research 
objectives and methodological approaches focused on in each chapter. Following this 
introduction, Chapter 2 aims to provide a theoretical background for this thesis and thus, 
summarizes and extends existing research. Based on the unifying aim of reaching scientific 
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literacy among students (cf. Chapter 2.1), relevant aspects of the research fields EC, or more 
particularly EBs, as well as NOS and NOSI are reviewed. This lays the foundation for the 
comparison of both research lines and for their integration in the framework derived in the 
final Chapter (cf. Chapter 2.4).  

Chapter 3 focuses on the assessment of EBs as a construct prominent in the research field of 
EC and in particular focuses on the conceptual and empirical distinction between students’ 
EBs related to professional and school science, respectively. For this assessment the 
questionnaire by Conley et al. (2004) was adapted to provide two sets of analogous items. 
Quantitative data were collected for three grade levels with the total sample comprising 405 
secondary school students.  

Chapter 4 focuses on NOSI as a construct currently receiving increasing interest in the research 
field of NOS. Research was conducted in terms of an international collaboration that sought 
to collect baseline data on students’ NOSI understanding. While this was one of the research 
objectives reported in this thesis, additional research objectives initiated and assessed by the 
author are to assess and describe firstly, differences between grade levels, and secondly, 
persisting inadequate understanding of science occurring in students’ naïve reasoning. 
Qualitative data were collected using German versions of the Views about Scientific Inquiry 
(VASI) questionnaire by J. S. Lederman et al. (2014). A series of studies was conducted 
targeting four educational levels and comprising a total sample of 307 participants.  

The final Chapter 5 aims to summarize and integrate this thesis’s research findings. 
Accordingly, the main findings of each chapter, including Chapter 2.4.3 concerned with 
suggesting an integrative framework for epistemic aspects in science education, are first 
reviewed individually. Subsequently, by combining the individual empirical findings, common 
aspects that reoccurred in the data are highlighted. Based on this summary, implications for 
science teaching on the one hand and science education research on the other hand are 
discussed. This thesis then ends by summarizing its main contributions for the science 
education community that extend the community’s existing knowledge base and for the 
context of science education, may also change how researchers “look” at epistemic aspects of 
science. 
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2. Theoretical Background 
This theoretical background aims to summarize and explicate the constructs, models and 
assumptions this thesis is based upon. Alternative conceptualizations of the considered 
research constructs are discussed, in order to demarcate this thesis’s conceptual 
understanding. Furthermore, in order to position the empirical research conducted in this 
thesis within the research field, empirical findings are reviewed and theoretical approaches 
are restructured. 

Chapter 2.1 provides a rationale for the assessment and teaching of the two research 
constructs considered in this thesis, namely Epistemic Beliefs (EBs) and nature of science 
(NOS), by situating them within the greater educational goal of scientific literacy. With its 
associated subchapters, Chapter 2.2 focuses on EBs and offers an introduction to and 
overview of relevant theoretical foundations as well as empirical findings related to this 
research construct. Analogously, Chapter 2.3 and the related subchapters focus on the 
research field of NOS. Finally, Chapter 2.4 proposes an integration of the research fields 
associated with EBs and NOS. Therefore, the research constructs are purposefully compared 
in Subchapter 2.4.1 and issues associated with this existing terminology are specified with 
respect to the field of science education research in Subchapter 2.4.2. In an effort to provide 
a coherent context for the interpretation and connection of the two research lines pursued in 
this thesis, the final Subchapter 2.4.3 builds on considerations from previous Subchapters. 
Pursuing the goal of embedding this thesis’s research lines in a mutually meaningful context, 
the existing research fields are restructured to delineate the greater research field related to 
epistemic aspects of science education. The theoretical background therefore eventually 
results in the proposal of a two-dimensional framework for the integration of the research 
fields associated with EBs and NOS. 

2.1 Relating epistemic aspects of science to the educational goal of scientific literacy 

The complex world we live in constantly challenges people to understand public decisions, 
evaluate the flood of available information, make informed decisions and responsibly 
participate in societal discourse. To address these challenges, people ought to be scientifically 
literate (Allchin, 2012a; OECD, 2006; Sadler & Zeidler, 2009; Schwartz et al., 2023). Although 
there are several approaches to describe and define scientific literacy (e.g., Bybee, 1995; 
Osborne et al., 2023, 20th April; Roberts, 2007; Schwartz et al., 2023, 20th April) as well as 
discussions of these approaches (e.g., DeBoer, 2000; Feinstein, 2011; Kampa & Köller, 2016; 
Sadler & Zeidler, 2009; Schwartz et al., 2023), there is a shared consensus that scientific 
literacy describes the abilities needed “to make use of scientific knowledge in real-world 
situations” (Gormally et al., 2012, p. 364) and therefore is an important educational goal 
(Allchin, 2012a; Sadler et al., 2004; Schwartz et al., 2023).  

The term scientific literacy first emerged in the 1950s (DeBoer, 2000; Gräber & Nentwig, 2002; 
Hodson, 2008) and since then has experienced an increased emphasis on describing it in terms 
of competencies related to informed citizenship and stressing their applicability to real-world 
situations (Bybee et al., 2009; Gräber et al., 2002). To varying degrees and as a result of 
ongoing debates about the construct, frameworks describing scientific literacy include 
content, procedural and epistemic knowledge and therefore, exceed the mere consideration 
of content knowledge (Gräber & Nentwig, 2002; Zetterqvist & Bach, 2023). Kampa and Köller 
(2016) provide an overview of the different dimensions included in various frameworks on 
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scientific literacy and also conclude that most of them suggest a multidimensional 
conceptualization of scientific literacy that covers content or conceptual aspects as well as 
process aspects.  

The rationale for teaching towards scientific literacy is stressed by a range of arguments that 
Hodson (2008) with regard to Wellington (2001) summarizes in three categories namely the 
intrinsic value of science education, citizenship arguments and utilitarian arguments. Slightly 
different categorizations are considered by other researchers, such as for example Dubs 
(2002), Driver et al. (1996) and Gräber and Nentwig (2002). The importance of scientific 
literacy for science education is emphasized by its inclusion in various international policy 
documents (Erduran & Dagher, 2014; Khishfe, 2023) and is also explicitly included as an 
educational goal in German educational standard documents (Dittmer & Zabel, 2019; 
Sekretariat der Ständigen Konferenz der Kultusminister der Länder der Bundesrepublik 
Deutschland [KMK], 2020a, 2020b, 2020c). 

Scientific literacy has been criticized as a pointless term and unreachable myth in science 
education (Feinstein, 2011; Shamos, 1995). However, despite the challenges associated with 
the term scientific literacy that result from its broad and often fuzzy conceptualization, DeBoer 
(2000) and Bybee (2002) positively stress the usefulness of scientific literacy for science 
education. They argue that the broadness of the term allows for people related to science 
education and for instruction at different institutional levels to relate their goals and efforts 
to this term. Therefore, both conclude that scientific literacy is a valuable concept in providing 
a strong sense of purposefulness and a goal to strive after that guides efforts in science 
education.  

In the following paragraph, the need for people to be scientifically literate and therefore, 
being able to apply different forms of scientific knowledge to their personal life and citizenship 
will be illustrated. While scientific literacy is meaningful with respect to various science-
related topics related to our daily live (Driver et al., 1996; OECD, 2006), its importance became 
especially evident in the COVID-19 pandemic. In an unprecedented media coverage, for 
example the development and accreditation of the vaccines has widely been covered on an 
almost daily basis. An expectant and anxious society was suddenly confronted with a flood of 
information on the publication of results from clinical trials, the distribution and prioritization 
of available vaccines, investigations of possible adverse reactions to the vaccines and 
recommendations for the vaccines’ use. Under the high societal and political pressure and 
high media coverage, the scientific discourse about the results of clinical trials and possible 
adverse reactions became a heated public and political discussion that was further fueled by 
insufficient media reports repeatedly necessitating public vindication. In Germany, politicians’ 
competition for peoples’ vaccination readiness was further challenged by persistent changes 
and adjustments of recommendations on the use of the vaccines. Consequently, peoples’ trust 
in the vaccine and their vaccination readiness was severely tested.  

So, in order for individuals to understand ongoing debates as well as the change in 
recommendations and to come to an informed decision on whether to get vaccinated or not, 
people needed to be scientifically literate. That is, people either need to be competent to 
review and judge empirical evidence or they must be competent to review and judge public 
discourse and experts’ statements. The first option aligns with a rather outdated view of 
scientific literacy related to Bybee’s functional and conceptual or procedural literacy (Bybee, 
1995) or the described “Vision I” by Roberts (2007). Nowadays, the latter option seems more 
appropriate and in close proximity with multidimensional scientific literacy (Bybee, 1995) and 
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descriptions of “Vision II” for scientific literacy (Roberts, 2007), the call for an epistemology 
for science (Russ, 2014), the aim for “competent outsiders” (Bromme & Goldman, 2014; 
Feinstein, 2011), the call for “informed trust” (Bromme, 2022), and the call for “epistemics of 
communicative practices” (Höttecke & Allchin, 2020). As this second perspective towards 
scientific literacy considers the division of cognitive labor (Bromme, Kienhues, & Porsch, 2010; 
Bromme et al., 2016; Keren, 2018), it accounts for what Osborne et al. (2023, 20th April) 
describe as “the complex science of today’s society that lies far beyond the boundaries of 
school science”.  

Applying this perspective of scientific literacy to the previously outlined situation during the 
pandemic, knowledge about science is needed to accept and appreciate the (normal) process 
of ongoing, stepwise publication of additional data that was often accompanied with heated 
discussions about its interpretation (Nussbaum et al., 2008). Epistemic understanding of the 
processes that guide and characterize scientific inquiry may help people understand the 
changing recommendations regarding the age-group of people considered for vaccinations.  
Epistemic knowledge about science and scientific inquiry is needed to understand that the 
changing recommendations actually did not contradict each other, but were a result of an 
ongoing process of scientific research and changed due to the information available at the 
time. However, if people only see the change of communicated recommendations without 
understanding the underlying reasons for these changes, they may lose trust in science and 
scientists. Indeed, Lederman (Schwartz et al., 2023, 20th April; Schwartz et al., 2023) have 
admonished people’s common “mistrust and misunderstanding of science and scientists”. As 
illustrated in this example, understanding of the epistemic aspects of science is needed to 
address this critical situation of mistrust and misunderstanding. In order to achieve this, 
Schwartz et al. (2023) proposed the need for an understanding of the nature of scientific 
inquiry, which they regard as “scientific inquiry literacy”, to facilitate the transition from 
people’s science knowledge towards scientific literacy.  

Such knowledge about science might include, for example, knowledge about the scientific and 
social processes underlying the generation of knowledge, the values and norms guiding 
scientific investigations in order to justify knowledge, and views of science as an ongoing 
process relying and thriving on discourse and criticism in order to interpret results and deal 
with the uncertainty inherent to its conclusions (Akerson et al., 2012; Driver et al., 1996). 
While such epistemic aspects are an essential part of scientific literacy (Khishfe, 2023; 
Neumann et al., 2020; Sadler et al., 2004; Tsai & Liu, 2005), science education (research) is 
traditionally focused on content knowledge with the consideration of epistemic aspects being 
left underemphasized and in need for greater attention (Duschl, 2008; Papadouris & 
Constantinou, 2017; Zetterqvist & Bach, 2023). 

This thesis considers scientific literacy as a greater educational goal that comprises a reflected 
understanding of epistemic aspects of science, which should be acquired during (science) 
education. Following the call by Zetterqvist and Bach (2023) for more empirical research on 
students epistemic understanding of science, this thesis focuses on the empirical assessment 
as well as theoretical consideration of epistemic aspects inherent to science. In an attempt to 
provide a broad perspective on students’ understanding of epistemic aspects of science, this 
thesis integrates research on students’ EBs as well as their understanding of NOS and 
particularly NOSI.  
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2.2 Focusing on Epistemic Beliefs 

This chapter focuses on one of the main parts of this thesis, namely Epistemic Beliefs (EBs). 
The first subchapter, Subchapter 2.2.1, will position the consideration of EBs within the larger 
research field of EC and provide an overview of changes regarding the terminology that is used 
within the research field related to EBs. Besides changes regarding the terminology, there 
have also been several important developments regarding the conceptualization of EBs within 
the research field. With several of these different perspectives continuing to coexist 
simultaneously (Hofer, 2016; F.-Y. Yang & Tsai, 2012), important shifts and developments are 
discussed in the following subchapters. Therefore, in an effort to position this thesis’s 
understanding of EBs within the research field, each subchapter includes a comment on the 
perspective assumed for the conceptualization and therefore assessment and interpretation 
of EBs within this thesis. Subchapter 2.2.2 regards changes related to the dimensionality of 
EBs. Subchapter 2.2.3 considers the issue of domain-generality and discipline-specificity and 
Subchapter 2.2.4 refers to the conceptualization of EBs as trait- or state-like and related issues 
of contextualization and situatedness. Subchapter 2.2.5 provides a brief overview about the 
general assessment of EBs within the research field and elaborates on the assumptions 
underlying this thesis in terms of EB assessment. Finally, Subchapter 2.2.6 provides a short 
consideration of research findings regarding the relationship between EBs and students’ 
learning. In summary, the greater goal of this chapter is to outline the theoretical background 
for the EBs-part of this thesis. 

2.2.1 Defining Epistemic Beliefs as part of Epistemic Cognition 

The term Epistemic Cognition (EC) has been suggested and is used as an umbrella term 
(Greene et al., 2008; Hofer, 2016; Kienhues et al., 2016) “encompassing all kinds of explicit or 
tacit cognitions related to epistemic or epistemological matters” (Chinn et al., 2011, p. 141). 
This fairly broad definition of EC attempts to address the demand for the unison of an 
interdisciplinary research field that has grown rapidly in the past (Hofer, 2016). The field was 
formerly summarized under the term personal epistemology that was suggested, for example, 
by Hofer and Pintrich (1997, 2002). However, Elby et al. (2016) point out that the majority of 
researchers now associates and uses this term with a narrow scope restricted “to views about 
knowledge and knowing, in order to align with philosophers’ definition of ‘epistemology’ and 
to achieve a clarity and limited scope that enables researchers to communicate effectively” 
(p. 121). With regard to Chinn et al. (2011) the authors “argue that restricting epistemology 
to belief-like views about knowledge and knowing is philosophically out of date” (Elby et al., 
2016, p. 121). Therefore, Chinn et al. (2011) argue for the use of the term EC as an extension 
of the term personal epistemology formerly defined by Hofer and Pintrich (1997). In contrast 
to personal epistemology, EC is described with a wider scope that includes additional 
components, such as, for example, a person’s epistemic aims and values, and also integrates 
additional aspects considered within the dimensions previously suggested for personal 
epistemology (Chinn et al., 2011). Considering and comparing different terms, Greene et al. 
(2008) conclude that the term EC is more accurate in capturing the current breadth of the field 
as it „emphasizes knowledge and the processes involved in its definition, acquisition and use” 
(p. 143). 

Originally, EC is a research field closely related to psychology but it has been and is influenced 
by several other research fields including philosophy and sociology of science, as well as 
research in various fields of discipline-specific education (Greene et al., 2016b). The research 
summarized under the term EC uses a disparate variety of terms in order to stress different 
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aspects within similar research content (cf. Table 30.1 in Greene et al., 2016c), while also using 
diverse approaches to conceptualizing and measuring these aspects (Mason, 2016). In 
addition, research considers aspects and influences of the instructional context (Cartiff et al., 
2020; Feucht, 2010; Fischer et al., 2014), as well as teachers’ cognition (Davidson et al., 2020; 
Guilfoyle et al., 2020; Sing & Khine, 2008) and cognition of students from different age groups 
(Buehl, 2008; Hofer, 2016; F.-Y. Yang & Tsai, 2012). Furthermore, EC research might be related 
to persons’ common untutored beliefs about knowledge (cf. folk epistemology, Kitchener, 
2002), as well as specialized forms of cognition within particular scientific disciplines (cf. 
reviews of discipline-specific EC within Section II in Greene et al., 2016a).  

Although the issue has been raised that the fine-grained distinctions among different 
constructs related to epistemology would involuntarily get blurred and obscured by using a 
term as broad as EC (Alexander, 2016; Hofer, 2016), Hofer (2016) summarizes that “it may be 
fruitful for the field to view Epistemic Cognition as a broad set of cognitive processes that 
encompass these other constructs, as subsets of the larger field” (p. 21). Indeed, the variety 
of different approaches summarized within EC offers researchers a more holistic perspective 
towards instruction (cf. Voitle, 20191). It has been acknowledged that EC is an important 
construct regarding students’ learning and their approach to instruction (Chinn et al., 2011; 
Greene et al., 2018; Hofer, 2020).  

The first line of empirical research encompassed in this thesis will focus on Epistemic Beliefs 
(EBs), as one set of cognitive processes encompassed in EC that has particularly been assessed 
in relation to students’ achievement (Greene et al., 2018). Following the suggestion by 
Kitchener (2002) and its recent adaption within the research field, this thesis uses the term 
Epistemic Beliefs (e.g., Karakolidis et al., 2019; Lin & Tsai, 2017; Muis et al., 2006). In contrast 
to the formerly common term epistemological beliefs (e.g., Conley et al., 2004; Hofer & 
Pintrich, 1997; Schommer et al., 1992) the term epistemic refers to knowledge rather than the 
theory of knowledge as the term epistemological implies (Kitchener, 2002). Within this thesis, 
EBs are conceptualized as a multidimensional construct representing a set of personal theories 
and beliefs that one holds about the nature of knowledge and the process of knowing (Hofer 
& Pintrich, 1997) and that may be conscious or unconscious to the individual (Chinn et al., 
2011; Murphy & Alexander, 2016). 

2.2.2 From developmental stage models to multidimensional Epistemic Beliefs 

Early research within the field of EC and EBs was grounded in developmental psychology and 
suggested a unidimensional structure that formed the basis for the development of several 
developmental models (Hofer, 2016; Mason, 2016; F.-Y. Yang & Tsai, 2012). Developmental 
models (e.g., Baxter Magolda, 1992; Belenky et al., 1986; King & Kitchener, 1994; Perry, 1970) 
commonly imply a progression of individuals’ beliefs through stages of cognitive sophistication 
defined in the respective model. Across the models the number and conceptualizations of the 
stages vary. However, a conceptualization that recurs within the literature is the distinction 
and progression “from an absolutist to a multiplist to an evaluativist point of view” (Mason, 
2016, p. 376). The stages describe an individual’s position towards knowledge. For an 

                                                       
1 In an effort to illustrate how the breadth of the research field can inform science education, the symposium 
“Connecting the Epistemic Dots: Addressing Epistemic Issues in Various Levels of Science Education” was 
presented at the 13th ESERA Conference 2019 in Bologna. The presentations within the symposium were selected 
to represent and link research on epistemic aspects that considered students as well as teachers and included science 
instruction as well as professional development. The symposium was discussed by Richard Duschl. 
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absolutist point of view Mason (2016) stresses the initial prevalence of an objective position 
towards knowledge. During the multiplist stage, this position switches to the prevalence of a 
subjective position towards knowledge and finally reaches a balanced coexistence of both 
positions in the stage of an evaluativist view. In order for an individual to transition from one 
stage to another, cognitive development has to take place. With regard to Moore (2002), 
Howitt and Wilson (2018) describe the key transitions occurring during an individual’s 
developmental process for their suggested four-stage model as follows: 

 “[…] knowledge is initially viewed dualistically, as either right or wrong. The first transition 
involves the recognition of uncertainty and the existence of multiple opinions but does not 
yet include the ability to distinguish between them. The next transition recognizes the role of 
evidence and context in justifying one viewpoint over another. In the final transition, […], the 
student commits to particular values as a basis for making life decisions“ (p. 575). 

The unidimensional consideration of EBs has been criticized by several researchers who 
proposed multidimensional frameworks to describe EBs (e.g., Hofer, 2000; Schommer, 1990) 
during a phase that Hofer (2016) calls the “second wave of research” (p. 24). By now, there is 
mostly a consensus within the community for the multidimensionality of EBs (Murphy & 
Alexander, 2016). However, although four dimensions have been found to be reappearing in 
empirical studies (Hofer, 2000), there is a variety of different multidimensional 
conceptualizations of EBs (Hähnlein, 2018; F.-Y. Yang & Tsai, 2012). It has also been debated, 
whether beliefs about learning should be included within the conceptualization of EBs (Hofer 
& Bendixen, 2012). However, the majority of researchers follows the suggestion by Hofer 
(2000) and refrains from the inclusion of beliefs about learning. 

Within this thesis, the consideration of EBs is based on the four-dimensional structure 
proposed by Conley et al. (2004). This conceptualization of beliefs is in line with the four-
dimensional structure summarized and proposed by Hofer (2000) that suggests the distinction 
between the nature of knowledge and the nature of knowing with each of these domains 
consisting of two dimensions of EBs. In particular, Conley et al. (2004) consider the nature of 
knowledge to include the dimensions Certainty and Development, while the nature of 
knowing consists of the dimensions Source and Justification. 

The dimension Source comprises the relationship between a learner and authorities that are 
relevant in the context of scientific research. In detail, such authorities are scientists and 
science books. Furthermore, concerning the source or origin of knowledge, the dimension also 
comprises the conception of scientific knowledge as external or internal to the learner. The 
dimension Certainty is concerned with views as to whether questions in science always have 
one correct and absolute answer. The dimension Development comprises the consideration 
of scientific knowledge as static or dynamic and susceptible to change. This is evident in the 
ongoing elaboration of acquired knowledge and its linkage to new understandings. The 
progression of knowledge can refer to an (additive) extension, a restructuration, as well as a 
contentual or qualitative change of knowledge. Finally, the dimension Justification comprises 
answers to the question of how knowledge in science emerges and how it is justified. The 
focus of this dimension (exemplarily) lies on the particular role experiments play in scientific 
inquiry in the scientific research context.2  

                                                       
2 This paragraph has been reprinted with minor adaptions by permission of Informa UK Limited, trading as Taylor 
& Taylor & Francis Group, http://www.tandfonline.com from the supplemental material of the article “Assessing 
students’ Epistemic Beliefs related to professional and school science” by Frauke Voitle, Benedikt Heuckmann, 
Nele Kampa, Kerstin Kremer in the International Journal of Science Education ©2022. 
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2.2.3 From domain general to discipline specific Epistemic Beliefs 

Research initially assumed that EBs were domain general (Hofer, 2020; Stahl, 2011), 
presuming “that students had a general outlook about knowledge and knowing, regardless of 
context, discipline, task, or situation” (Hofer, 2020, p. 88). However, this view was challenged 
when self-report questionnaires allowed for easy assessment and comparison of EBs 
expressed in relation to different scientific disciplines (Anschütz, 2012; Buehl et al., 2002; 
Stahl, 2011). Several empirical studies found evidence for the discipline-specificity of EBs 
(Hofer, 2000; Muis et al., 2006; Stahl & Bromme, 2007). In order to define discipline-specific 
EBs, and science-specific EBs in particular, Hogan (2000) adapted the original domain-general 
definition by Hofer and Pintrich (1997) but added the scientific context to the definition by 
referring to the “personal theories and beliefs people have about the nature of scientific 
knowledge and knowing” (Hogan, 2000, p. 56). Currently, the community widely shares the 
consensus that there are discipline-specific as well as domain-general EBs that may also exist 
simultaneously (Greene et al., 2018; Hofer, 2016, 2020; Murphy & Alexander, 2016). This view 
has also been supported by empirical studies (Buehl et al., 2002; Hofer, 2000; Muis, Trevors, 
Duffy, et al., 2016). It is assumed that individuals may initially hold domain-general beliefs, 
while discipline-specific beliefs develop with increasing exposure to and experience within a 
certain discipline and are therefore especially present within older students or college 
students and adults (Anschütz, 2012; Buehl & Alexander, 2006; Hofer, 2000).  

 

 

Figure 1: Theory of Integrated Domains in Epistemology (TIDE) according to Muis et al. (2006) (adapted illustration). 
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In an attempt to bring clarity to the debate about domain-generality or -specificity Muis et al. 
(2006) reviewed 19 empirical studies addressing the issue of domain-generality or -specificity 
and propose the existence of both, domain-general and discipline-specific EBs. They also 
proposed the Theory of Integrated Domains in Epistemology (TIDE, cf. Figure 1) that offers an 
integrative perspective to the development of EBs and in a subsequent publication, provided 
empirical evidence for their model (Muis, Trevors, Duffy, et al., 2016). The TIDE model 
describes EBs of different specificity in association within contexts obtaining different levels 
of disciplinary specificity (Muis et al., 2006). Primarily influenced by individuals’ everyday 
surroundings and familiar background, domain general beliefs are situated within this context 
of everyday experiences. The TIDE model suggests that these domain-general EBs are related 
to more specific EBs. These discipline-specific EBs are influenced by individuals’ everyday 
surroundings and familiar background as well as more specifically by the academic context 
that individuals experience, for example, in different subjects at school. In a nutshell, the 
general idea regarding the issue of domain-generality and discipline-specificity expressed in 
the TIDE framework amounts to the insight that more specific contexts facilitate the 
development of more specific EBs. Nevertheless, domain-general and discipline-specific EBs 
do not necessarily exist independently from each other, but may be related to each other 
(Muis et al., 2006) and little is known about their interaction (Hofer, 2016).  

Regarding this thesis, discipline-specific EBs and in particular EBs about science are 
considered. The distinction of domain-general and -specific EBs also provides the basis for a 
more profound consideration of students’ EBs that are influential in science education. It has 
repeatedly been argued that the school context contributes to the development and change 
of EBs (Buehl & Alexander, 2006; Hogan, 2000; Sandoval, 2005; Urhahne & Kremer, 2023). For 
example, within the TIDE framework by Muis et al. (2006), the academic context, that can be 
aligned with the school context considered within this thesis, is expected to shape and change 
EBs. Further theoretical support for the impact of school science experiences on EBs is 
provided by Hogan (2000) and Sandoval (2005). The authors propose to distinguish “distal and 
proximal knowledge of the nature of science” (Hogan, 2000, p. 52) and students’ “formal 
epistemologies” as well as “practical epistemologies” (Sandoval, 2005, p. 635). Hogan (2000) 
bases her distinction on the perceived distance of personal experiences. Sandoval (2005) 
focuses on the context in which science is conducted, as well as on students’ active part in 
doing science. For the EB part of this thesis, the discipline-specific distinction between EBs 
related to professional and school science is distinguished. 

The conceptualization of EBs related to professional and school science builds on the 
conceptualizations by Hogan (2000) and Sandoval (2005) in terms of distinguishing between 
two contexts, but restricts the scope of the considered constructs to the study of EBs. 
Therefore, the terms “EBs related to professional science” and “EBs related to school science” 
are used in order to emphasize the respective contexts of conducting science. Nevertheless, 
the notion of EBs related to professional science is very similar to Hogan’s (2000) notion of 
distal knowledge and Sandoval’s (2005) notion of formal epistemologies. However, the notion 
of EBs related to school science entails an important difference. This difference becomes 
evident in the study conducted by Burgin and Sadler (2013), who investigated the relation 
between students’ practical and formal epistemologies. During the highly authentic 
experience of completing an internship in a laboratory, students acquired first-hand 
experience of professional science. The study found that students’ practical and formal 
epistemologies were partially consistent. However, while the experiences acquired during the 
internship are considered as part of students’ practical epistemologies (or proximal 
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knowledge), they would not be assumed to be part of students’ EBs related to school science. 
In line with Muis et al. (2006) and Sandoval (2016), the definition of school science is limited 
to science conducted in the educational context of institutionalized, formal science education 
in K12. Building on the use of the term by Sandoval (2005), professional science is defined as 
science conducted by professional researchers in the context of for example, universities or 
private companies. In this regard, the term “science” is used as an umbrella term referring to 
various forms of science, including for example science conducted at school (school science) 
or in a professional setting (professional science). In particular, instead of “science” the term 
“professional science” is used to stress its difference from the school subject and emphasize 
its performance by scientists. 3For an empirical assessment of the distinction between EBs 
related to professional and school science confer Chapter 3. 

2.2.4 From trait-like to state-like characteristics of Epistemic Beliefs 

Implied by the early assumptions of domain-generality was a conceptualization of EBs as a 
relatively stable, trait-like construct (Hammer & Elby, 2002; Mason, 2016; Murphy & 
Alexander, 2016). In line with the actual essence of beliefs as a psychological construct, this 
view of EBs implies the existence of continuity across different situations, contexts or even 
disciplines and domains. However, the acknowledgement of the sociocultural context in which 
EBs develop (cf. previous Subchapter 2.2.3) and the development of discipline-specific 
assessment tools have led to the proposal of a contextualized or situated nature of EBs (Hofer, 
2016; Mason, 2016). That is, EBs are assumed to vary according to the situation or context in 
which they are considered (Kienhues et al., 2016; Mason, 2016; Murphy & Alexander, 2016). 
With respect to the characterization of EBs this implies rather state-like instead of trait-like 
characteristics.  

This shift within the research field is accompanied by the suggestion of alternative terms and 
constructs, such as the notion of epistemic resources (Hammer & Elby, 2002; Louca et al., 
2004). Based on the idea that EBs are contextualized and situated, it is assumed that various 
cognitive resources are available to individuals to understand and acquire knowledge 
(Kienhues et al., 2016; Louca et al., 2004). Resources are activated individually by contextual 
cues inherent to a particular situation. Therefore, different resources are triggered and 
exhibited in different situations dependent on situation-specific contextual factors or social 
interactions (Chinn & Rinehart, 2016; Muis & Gierus, 2014; Sandoval & Redman, 2015). In 
summary, the contextualized and situated consideration of EBs “goes well beyond the issue 
of domain differences and embraces the documented effects that task, context and even 
learner differences can have” (Murphy & Alexander, 2016, p. 446). Following the assumption 
of contextualization and situatedness, established views about EBs and their assessment are 
challenged and research needs to consider specific situations and moment-to-moment 
interactions (Elby et al., 2016). Consequently, related research predominantly uses qualitative 
measures (Lee et al., 2021). 

With regard to this thesis and in line with the general idea of contextualization and 
situatedness, it is assumed that different contexts activate different resources or beliefs. 
However, despite building on the general idea about contextualization and situatedness, this 

                                                       
3 This and the previous paragraph have been reprinted with minor adaptions by permission of Informa UK Limited, 
trading as Taylor & Taylor & Francis Group, http://www.tandfonline.com from the article “Assessing students’ 
Epistemic Beliefs related to professional and school science” by Frauke Voitle, Benedikt Heuckmann, Nele 
Kampa, Kerstin Kremer in the International Journal of Science Education ©2022. 
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thesis differs significantly from the perspectives previously described within this subchapter. 
Its understanding of contexts is considerably broader and more in line with the term’s use in 
the TIDE framework by Muis et al. (2006). In particular, this thesis distinguishes between the 
contexts in which science is conducted, namely professional and school science (cf. Chapter 3). 
Further support for the context-specific consideration of EBs within this thesis can be found 
in Russ (2014). She argues that learners organize knowledge according to “specific contexts of 
use” (Russ, 2014, p. 391) instead of disciplines. In addition, Chinn and Rinehart (2016) argue 
that what counts as knowledge might depend on contextual factors, such as “stakes, 
community expectations, and relevant alternatives” (Chinn & Rinehart, 2016, p. 473). With 
respect to professional and school science, respectively, it seems intuitive that different 
expectations and goals are inherent to these contexts and thus, might result in students also 
distinguishing between these contexts.  

Furthermore, with focusing on the contexts of professional and school science, this thesis 
refers to common and presumably typical forms of interaction in these contexts instead of 
focusing on moment-to-moment interaction in particular situations. Without dispute, there is 
a great heterogeneity that characterizes professional as well as school science settings with 
regard to, for example, interactions, practices and activities. Within these contexts of 
professional and school science, students’ EC may vary according to a given situation. 
However, notwithstanding the acknowledgement of the contexts’ heterogeneity and the 
situatedness of EBs, it is assumed that considering professional and school science contexts in 
EB assessments is associated with differential responses of participants. References to the 
contexts of professional or school science are assumed to entail or provide characteristic cues 
that activate particular EBs. Consequently, this thesis is based on the assumption that EBs are 
assessable with, for example, questionnaires and that interpretations of EBs can be made with 
respect to the greater contexts addressed within the assessment. Further consequences for 
the assessment of EBs are considered in the following subchapter. 

2.2.5 Assessing Epistemic Beliefs 

The methodology and approaches used to assess EBs are manifold and include a variety of 
qualitative and quantitative methods. Prominent qualitative methods include interviews 
(Burgin & Sadler, 2013; Sandoval & Çam, 2011; Sandoval & Redman, 2015; Wu & Wu, 2011), 
observation of behavior, like practices, interactions or discourse (Elby & Hammer, 2010; Shim 
& Kim, 2018) and analysis of artefacts (Schalk, 2012). Quantitative approaches to the 
assessment of EBs mainly use self-report questionnaires with response formats including, for 
example, Likert-scales (Conley et al., 2004; Tsai & Liu, 2005), semantic differential (Stahl & 
Bromme, 2007) and open-response questions (Hu & Zwickl, 2018).  

However, due to shifts in predominant conceptualizations of EBs there have also been changes 
in the assessments primarily used within the research field. As it is elaborated in 
Subchapter 2.2.2 early research in the field was primarily concerned with the description of 
individuals’ development of EBs. The assessment of developmental progressions was 
commonly associated with a qualitative approach to measuring EBs via extensive interviews 
(Duell & Schommer-Aikins, 2001; Hofer, 2016; Mason, 2016). With the conceptual shift 
towards consideration of EBs as being multidimensional, the typical assessment method 
changed towards the development and use of self-report questionnaires (Duell & Schommer-
Aikins, 2001; Hofer, 2016; Mason, 2016).  
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Implied by the use of self-report questionnaires are the assumptions that EBs have a more or 
less trait-like nature that ensures some level of consistency and (at least partially) allows 
individuals to become aware of their EBs (Mason, 2016). The predominant response format 
initially used in these questionnaires were Likert-scales that also led to a rather quantitative 
approach in EB assessment (Hofer, 2016). Compared to time- and labor-intensive in depths 
interviews, the use of self-report questionnaires offered the advantage of easy administration, 
scoring and comparison of collected data (Mason, 2016). Therefore, assessment time was 
significantly decreased, which in turn facilitated for example the investigation of EBs’ domain-
generality and -specificity (Hofer, 2016). For this purpose, domain-general questionnaires 
were adapted to explicitly refer to a particular discipline (Sandoval, 2016). Either participants 
were instructed to think about a particular discipline when completing the questionnaire with 
the items being domain-general or explicit references to a discipline were included and 
exchanged within the items. 

However, the initial practice of retroactively adapting domain-general questionnaires to 
scientific disciplines instead of proactively developing discipline-specific questionnaires has 
also been criticized (Mason, 2016; Muis et al., 2006; Sandoval, 2016). For instance, adapting 
domain-general questionnaires may result in failure to account for important characteristics 
of a particular discipline (Sandoval, 2016), such as, for example, discipline-specific forms of 
reasoning or argumentation. Furthermore, criticism refers to a generalized interpretation of 
participants’ responses as the consideration of what counts as sophisticated might also vary 
between disciplines due to differing disciplinary standards (Hofer, 2016; Mason, 2016; 
Sandoval, 2016). Consequently, there is a need for the development of measures from within 
disciplinary research. Nevertheless, approaches that imported measures from domain general 
into discipline specific research have contributed to the (disciplinary) research. Despite their 
shortcomings and simplifications, these approaches have provided the research field with an 
important foundation for the conceptualization and understanding of discipline and science-
specific EBs.  

In addition to the consideration of disciplines, the consideration of EBs as contextualized and 
situated has also changed the demands for EB assessment. For example, assessment methods 
have to account for the rather state-like nature of EBs. For the field of science education and 
students’ learning through inquiry in particular, Sandoval (2005) suggests that researchers 
should consider a more fine-grained and personalized approach like, for example, the 
investigation of behavior, discourse or resulting artefacts. Elby et al. (2016) describe a general 
increase in science education research regarding the use of qualitative methods for the 
assessment of EBs or related constructs. Nevertheless, Likert-scale questionnaires are still 
frequently used within the research field as well. 

The understanding of EBs within this thesis as a construct with a combination of trait- and to 
some extend also state-like characteristics (cf. previous Subchapter 2.2.4) provides sufficient 
premises for the use of either self-report questionnaires or qualitative assessments. However, 
in order to provide support for the distinctive conceptualization of EBs related to school 
science and EBs related to professional science, it seems reasonable and useful to initially 
focus on and assess the trait-like characteristics of these EBs. This focus on the trait-like 
characteristics of EBs is further supported by the understanding of contexts within this thesis 
(cf. Chapter 3) that emphasizes fundamental differences between the general contexts of 
professional or school science. Therefore, building on the assumptions regarding the 
conceptualization of EBs within this thesis, the general assessment with self-report 
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questionnaires is favored above the fine-grained qualitative assessment of EBs with, for 
example, interviews.  

Considering the decision to assess EBs with a self-report questionnaire for the purpose of this 
thesis, the remaining part of this subchapter will focus on this assessment method. Several 
efforts have been made within the research field to summarize the available instruments for 
the assessment of EBs (e.g., Buehl, 2008; Duell & Schommer-Aikins, 2001; Lee et al., 2021; 
Priemer, 2006). Regarding the assessment of science-specific EBs, Voitle et al. (2022) 
summarize that the questionnaires by Conley et al. (2004), Stathopoulou and Vosniadou 
(2007), and Tsai and Liu (2005) are among the most cited questionnaires (cf. Table 1). “The 
instruments differ mainly in terms of the number of items, the examined EB dimensions, and 
their application to different study populations. The 26-item questionnaire by Conley et al. 
(2004) is considered the most established. It has frequently been implemented in various age 
groups (grade 5 and upwards) to assess EBs in the dimensions of Source, Certainty, 
Development, and Justification of knowledge” (Voitle et al., 2022, p. 1003).  
Table 1: Most frequently cited papers that include instruments on students‘ EBs about science (Voitle et al. 2022). 

Authors (Year) &  

(Web of Science Citations) 

Description 

Conley, Pintrich, Vekiri & 
Harrison (2004) 

(240 citations) 

• 26 items 
• 5-point Likert-scale 
• 4 dimensions: source, certainty, development, and justification 
• initially administered to fifth-grade students 
• used in various age groups 
• various translations and adaptions available. 

Stathopoulou & Vosniadou 
(2007) 

(74 citations) 

• Greek Epistemological Beliefs Evaluation Instrument for Physics (GEBEP) 
• 40 statement items and 9 debate items 
• 4 dimensions: structure, stability, source, and justification 
• validated with tenth-grade students. 

Tsai & Liu (2005) 

(68 citations) 

• 19 items 
• 5-point Likert-scale 
• 5 dimensions: role of social negotiation, invented and creative nature of science, 

theory-laden exploration, cultural impacts, and changing and tentative feature of 
science knowledge 

• validated for high school students (and their teachers) 
• 25 item version available for college students (Liu & Tsai, 2008). 

Note. Citations last updated: 03/23/2022. 

Focusing on the context of school science, research on EBs explicitly related to this context is 
scarce. In line with calls for the contextualized and situated consideration of EBs, the 
respective research mainly provides qualitative data, such as students’ journals and laboratory 
write-ups (e.g., Schalk, 2012), interviews (e.g., Burgin & Sadler, 2013; Wu & Wu, 2011) and 
videotaped lessons (e.g., Hamza & Wickman, 2013; Wu & Wu, 2011). In the 1990s there have 
been studies that used questionnaires predominantly targeting students’ views about school 
science, for example Songer and Linn (1991), Driver et al. (1996), or J. Solomon et al. (1994; 
1996). For example, J. Solomon et al. (1996) conducted a study that was designed to trigger 
students’ views about the professional and school context distinctly. However, although these 
assessments may target students’ views about school science, most of them do not do so in 
an attempt to explicitly assess and describe students’ views about school science in particular. 
It seems that the Practical Epistemology in Science Survey (PESS) by Villanueva et al. (2019) is 
the first and only questionnaire explicitly assessing EBs related to school science in larger 
sample sizes. Similar to instruments available for professional science, the PESS is a self-report 
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tool which consists of 26 Likert-scale items in the dimensions of immersive and non-immersive 
inquiry, and which measures students’ views about their participation in school science. The 
items display high specificity and exclusiveness for the school-science context.4 

Compared to the use of open-ended questions Likert-scale items offer great potential for the 
reduction of time spent for the administration and interpretation of the respective items 
(Mason, 2016). This results in the possibility to administer the questionnaires in much greater 
samples while saving cost and labor (Mason, 2016). In addition, comparison of collected data 
is facilitated and quantitative data allows for additional analyses. Therefore, due to economic 
assessment, Likert-scale questionnaires facilitate representative large-scale assessments and 
offer the possibility to use sophisticated inferential statistics for the investigation of 
relationships between EBs and other constructs (Hofer, 2016; Mason, 2016). 

Regarding the interpretation of the collected responses, researchers commonly refer to the 
two poles of the Likert-scale as representing a naïve as well as a sophisticated perspective 
towards the represented aspect of the nature of knowledge and knowing (Chinn & Rinehart, 
2016; Roski et al., 2021). In order to discriminate between naïve and sophisticated views 
(Neumann, 2011), it is common to refer to standards applied in professional science. The 
description of these views offers conceptual clarity and is used to guide the interpretation of 
participants’ responses. For example, in line with the view of EBs as learning goals and related 
research on nature of science, the view of knowledge, as tentative, constructed and subjective 
is commonly considered sophisticated in EB assessment (Conley et al., 2004; Lin & Tsai, 2017; 
Nehring, 2020).  

However, the following three major concerns have been raised with regard to the use Likert-
scale questionnaires: Firstly, the accessibility of EBs for participants and the interdependency 
of EBs and their assessment have been questioned (Klopp & Stark, 2017; Limón, 2006). This 
argument assumes that the assessment with self-report questionnaires requires EBs to 
become at least partially conscious to participants. On the one hand, it is questioned whether 
participants are or can become fully aware of their EBs. On the other hand, for example, Hofer 
(2004) stated that EBs might change within the process of interpreting and processing 
information. Following this line of thought, the assessment of EBs might change participants 
beliefs as it requires participants to reflect on their views (Klopp & Stark, 2017). Furthermore, 
as EBs might not be directly conscious and accessible for participants, the reflection and need 
to make EBs explicit in assessments might result in “assessing a view that was constructed on 
the spot” (Sinatra, 2016, p. 483). Both of these arguments question, whether the construct of 
EBs can successfully assessed with self-reports.  

Secondly, it is criticized that interpretation of the collected data cannot be linked to the 
developmental level of EBs reflected in the frequently used and well-established 
characterization of EBs as absolutistic, multiplistic or evaluativistic. Although one of the poles 
of the Likert-scale might describe EBs representing an absolutist point of view, it remains 
unclear how multiplist or evaluativist point of views might manifest on the Likert-scale and 
how they could be distinguished (Hofer & Bendixen, 2012). For example, if the counterpart of 
an absolutist is a multiplist point of view, then responses close to the respective pole on the 
Likert-scale would be regarded as representative for this developmental level. Consequently, 
                                                       
4 This paragraph has been reprinted with some adaptions by permission of Informa UK Limited, trading as Taylor 
& Taylor & Francis Group, http://www.tandfonline.com from the article “Assessing students’ Epistemic Beliefs 
related to professional and school science” by Frauke Voitle, Benedikt Heuckmann, Nele Kampa, Kerstin Kremer 
in the International Journal of Science Education ©2022. 
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following the definition of the evaluativist point of view as considering and balancing 
subjective and objective views (Mason, 2016), this would leave the representation of an 
evaluativist point of view near the midpoint of the Likert-scale. This however, would imply a 
close proximity of absolutisic and evaluativistic levels of development. In addition, this would 
also pose the difficulty to define cut-off values on the Likert-scale for the assignment of 
responses to one developmental level in order to interpret participants’ responses 

Thirdly, while the interpretation of responses to Likert-scale items in terms of sophistication 
has widely been established (Elby et al., 2016), it is increasingly criticized for its dichotomy 
(Sinatra, 2016). That is, while the description of sophistication that commonly guides the 
interpretation of Likert-scales offers conceptual clarity and easy interpretation of participants’ 
responses, it has been criticized as too simplistic (Elby et al., 2016; Hofer, 2016). For once, it 
implies a consensus of what counts as sophisticated within the respective scientific discipline 
targeted in the items. The existence of this consensus, however, is questioned and debated 
among researchers (cf. Subchapter 2.3.1). In addition, Russ (2014) criticizes the common 
practice in science education to define the benchmarks for sophistication of EBs in relation to 
professional science. Criticism on this view of sophistication also links to arguments referring 
to the discussion of what counts as scientifically literate (cf. Chapter 2.1), like calls to teach an 
epistemology for science instead of an epistemology of science (Russ, 2014) or calls to account 
for the division of cognitive labor (Bromme, Kienhues, & Porsch, 2010; Bromme et al., 2016; 
Keren, 2018). Indeed, the interpretation of responses in terms of sophistication has lately 
been vigorously challenged in the light of the debate about contextualization and situatedness 
of EBs. One of the most prominent alternative suggestions resulting from this debate is the 
interpretation of EBs in terms of productivity, instead of sophistication or correctness, that 
has been proposed by Elby and Hammer (2001). The authors propose to interpret EBs in terms 
of their benefit (i.e., their productivity) for the individual in a given situation. Therefore, 
depending on a situation and the desired outcome different EBs may prove to be productive 
for the individual in terms of reaching a respective goal (Elby & Hammer, 2001; Lee et al., 
2021). Similar considerations have also been proposed in other disciplines like, for example, 
mathematics, where EBs are described as more “availing” (Depaepe et al., 2016, p. 159) and 
more or less “appropriate” (Depaepe et al., 2016, p. 161).  

2.2.6 Epistemic Beliefs and students’ learning 

Consideration of EBs for students learning is in line with the constructivist perspective that 
knowledge cannot simply be transmitted from authorities to learners (Hofer, 2004). Much 
rather EBs are considered as a lens for the interpretation of information (Hofer, 2001) that 
influences perception and procession of information (Bromme, Pieschl, & Stahl, 2010; 
Urhahne & Kremer, 2023). Therefore, EBs should be considered EBs as a prerequisite for 
learning (Roski et al., 2021) that guide students’ learning (F.-Y. Yang & Tsai, 2012).  

Since the 1990s researchers rediscovered the explanatory force of EBs for learning (Murphy & 
Alexander, 2016). EBs have been included in various models related to students’ learning to 
explain, for example, mechanisms of conceptual change (Bendixen & Rule, 2004) academic 
achievement in the classroom context (Hofer, 2000) or reasoning in different settings (Greene 
et al., 2008). Furthermore, empirical studies have shown a positive relationship between EBs 
and learning outcomes such as academic achievement (Kampa et al., 2016; Muis & Franco, 
2009; She et al., 2019). Overall, a meta-analysis conducted by (Greene et al., 2018) that 
included studies from different disciplinary backgrounds found a low but significant, positive 
relationship between EC and students’ achievement. 
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Regarding the role of EBs for science education, relations between EBs and several learning-
related variables have been addressed within a variety of empirical research (Hofer, 2016). 
The data collected in large-scale assessments, such as the Programme for International 
Student Assessment (PISA), has provided powerful empirical evidence for the consideration 
of EBs as an important predictor for science learning (Karakolidis et al., 2019; She et al., 2019). 
Further studies contributed to the understanding of the role of EBs for science learning by 
assessing relationships, for example, between EBs and students use of learning strategies (Lee 
et al., 2016; Schommer et al., 1992; Urhahne & Hopf, 2004), their interest and self-concept in 
science (Kremer et al., 2007, 2009; Urhahne et al., 2008), as well as their academic 
achievement (Kampa et al., 2016; Stathopoulou & Vosniadou, 2007; Urhahne et al., 2008). 

Since the early beginnings of research on EBs, the idea that EBs evolve “in response to 
educational and environmental conditions” (Hofer, 2016, p. 23) is inherent to researchers 
conceptualizations of the construct. In fact, with regard to science education EBs were found 
to differ between grade levels, with older students holding beliefs that are more stable and 
less absolute (Kremer & Mayer, 2013; Kremer et al., 2009; Urhahne et al., 2008) and have 
proven to be sensitive to instruction (Cartiff et al., 2020; Conley et al., 2004; Roski et al., 2021). 
In terms of scientific literacy, the development of sophisticated EBs is an important learning 
goal of science education (Kampa et al., 2016; Roski et al., 2021). Within this thesis, a dual 
nature of EBs as prerequisites for learning as well as learning goals is assumed, which is in line 
with assumptions of other researchers within the research field (Bromme, Pieschl, & Stahl, 
2010; Kampa et al., 2016; Stahl, 2011).  

2.3 Focusing on Nature of Science 

After focusing on aspects of personal epistemology and EBs, this chapter primarily focuses on 
the epistemology of science as the second major part within this thesis. Science education 
researchers associated with research on the epistemology of science are generally associated 
with the research field called Nature of Science (NOS; Sandoval, 2016). Like EC, research on 
NOS is influenced and informed by the fields of history, philosophy and sociology of science 
(Heering & Kremer, 2018; Hodson, 2014; Kötter & Hammann, 2017). For several decades, 
researchers have aspired to describe the characteristics of science, including its aims, norms, 
values, methods and practices as well as more generally the processes how scientific 
knowledge is constructed and characterized (Erduran & Dagher, 2014; Heering & Kremer, 
2018; Russ, 2014).  

However, within the research field several issues have been and still are hotly debated. The 
following subchapters will consider the issues that are most important with respect to the 
focus of this thesis. Firstly, the ongoing debate related to the conceptualization of NOS 
(Subchapter 2.3.1) and particularly Nature of Scientific Inquiry (NOSI; Subchapter 2.3.2) is 
reviewed. In Subchapter 2.3.3 different approaches to the assessment of NOS(I) are 
considered. Subchapter 2.3.4 complements the previous subchapter by reviewing research 
findings on students’ views about NOS(I). Finally, Subchapter 2.3.5 deals with the approaches 
regarding the teaching of NOS(I). The greater goal of this chapter is to outline the theoretical 
background for the NOS(I)-part of this thesis. Therefore, simultaneously to Chapter 2.2, 
Subchapters 2.3.1 to 2.3.3 that target the conceptualization of NOS(I) comprise a positioning 
of this thesis in relation to research conducted within the field. The remaining subchapters 
review literature relevant to the discussion of the research findings reported in Chapter 4. 
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2.3.1 Consensus views and alternative conceptualizations of Nature of Science 

In science education, researchers propose different approaches to conceptualize NOS with 
two main lines of research that may be distinguished. On the one hand, there are researchers 
proposing so called consensus views about NOS (e.g., N. G. Lederman, 2007; N. G. Lederman 
et al., 2002; McComas, 2008; Niaz, 2009; Osborne et al., 2003) and NOSI (e.g., J. S. Lederman 
et al., 2014). On the other hand, there are researchers criticizing these consensus views and 
proposing more holistic approaches to conceptualizing NOS (e.g., Allchin, 2011; Erduran & 
Dagher, 2014; Matthews, 2012; Sandoval, 2005). Reasons for the application of a certain NOS 
conceptualization depend on the needs of researchers with regard to, for example, research 
questions, targeted audiences or teaching conditions and contexts (Abd-El-Khalick & 
Lederman, 2023). Conceptualizations of NOS, as well as consequences for assessment and 
science teaching, are a persistent issue in science education that is passionately challenged 
and fiercely debated among researchers aligned with either of the approaches (Abd-El-Khalick, 
2012a; Allchin, 2011, 2012b; Hodson & Wong, 2014; McComas, 2020a; Schwartz et al., 2012; 
Wong & Hodson, 2010).  

Underlying the consensus approach to conceptualize NOS is the assumption that given a 
particular “point in time and […] a certain level of generality” (Abd-El-Khalick, 2012b, p. 1045), 
for instance science content for K12 education, a general consensus exists among scholars 
regarding the characteristics of science (N. G. Lederman, 2007). To identify this consensus, 
researchers have, for example, reviewed curriculum documents (McComas & Olson, 1998), 
interviewed scientists (Harwood et al., 2002; Wong & Hodson, 2009, 2010) or conducted 
systematic Delphi studies (Osborne et al., 2003). Regarding the obtained definitions of NOS, 
van Dijk (2014) as well as Wong and Hodson (2010) observe that researchers include different 
aspects within their definitions. They explicate that, while some researchers consider NOS in 
a narrow sense including only aspects of the nature of scientific knowledge, other researchers 
additionally include aspects of scientific inquiry in their definition of NOS. Either way, a typical 
characteristic of consensus approaches is the use of concise and distinct headings to 
characterize NOS. This condensed form of describing and summarizing NOS serves the primary 
goal of these approaches to communicate NOS in a way that is pragmatic and useful for 
informing science teaching (Kampourakis, 2016; McComas, 2020a).  

Among others, Kampourakis (2016) has summarized and discussed the major points of 
criticism regarding consensus views. He summarized four shortcomings: 

“(1) Science cannot be adequately described by lists of simple statements, such as those in 
the ‘general aspects’ conceptualization of NOS. 

(2) The general NOS aspects are aspects of human knowledge in general and not of science 
in particular; therefore, they should not be presented as characteristics of science. 

(3) There are no aspects or methods that are common across all science, and so the ‘general 
aspects’ conceptualization of NOS is blind to important context-specific features of the 
various science disciplines, as well as to the differences among them. 

(4) The aspects of the inquiry processes of science are either not included in the lists of 
general NOS aspects, or when they are included they are distinct from the 
epistemological aspects.” (Kampourakis, 2016, p. 674) 

In particular, it has been suggested that consensus views of NOS underemphasize the social 
nature of science (Allchin, 2011), and oversimplify the complexity of science (Allchin, 2011; 
Erduran & Dagher, 2014; Matthews, 2012) as well as between scientific disciplines (Erduran 
& Dagher, 2014).  
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Alternative approaches have been suggested with different foci on related NOS aspects, in an 
effort to address and emphasize the complexity of science. For instance, Matthews (2012) 
suggests an approach that he terms “Features of Science”, to explicitly stress the context and 
the different facets, for example epistemological, historical, psychological, social, 
technological or economic facets, inherent to science. Another approach is provided by 
Sandoval (2005), who summarizes previously suggested NOS aspects within broader 
“epistemological fields” that explicitly emphasize the interrelatedness of NOS aspects 
distinguished by previous consensus approaches. Also demanding a holistic approach to 
teaching and learning scientific knowledge, Allchin (2011) suggested an alternative approach 
called “Whole Science” that proposes the characterization of NOS aspects as inseparable from 
and therefore always embedded in contexts and advocates to especially include the social 
dimension of scientific endeavors. Further stressing social-institutional from cognitive-
epistemic aspects and accounting for differences between scientific disciplines, Erduran and 
Dagher (2014) build on the idea by Irzik and Nola (2014) and published a refined version of 
the “Family Resemblance Approach” (FRA). With the proposal of the FRA, the authors aim to 
resolve persisting debates within the research field, as they integrate criticism of consensus 
views and reframe NOS content (Dagher & Erduran, 2016). 

Nevertheless, consensus views offer great advantages to science education researchers, for 
example regarding the operationalization and assessment of NOS, as well as to teachers with 
respect to clarity of curricular content and the reality of school classrooms (Kampourakis, 
2016; Matthews, 2012). Acknowledging these advantages, Kampourakis (2016) outlines a 
promising way of balancing and integrating consensus and alternative approaches in science 
teaching through a stepwise increase in complexity. He considers consensus views and 
alternative conceptions in terms of a continuum. Building on this idea, he suggests using 
consensus views as an entry point for the introduction of students to NOS and alternative 
conceptualizations as the aspired endpoint that focuses on the complexity of science and 
disciplinary differences.  

Building on the advantages consensus views offer for the assessment of views about science, 
the conceptualization underlying the empirical NOS(I)-part of this thesis is a consensus view 
(cf. Subchapters 2.3.2 and 4.2.2). However, this thesis does not reject alternative 
conceptualizations of NOS nor does it discount their value for science education. With respect 
to the differences mentioned regarding the limitation to knowledge or the inclusion of other 
aspects, it has been criticized that one cannot consider the product (i.e., knowledge) without 
considering the processes (i.e., scientific inquiry) applied for its development (Grandy & 
Duschl, 2007; van Dijk, 2014; Wong & Hodson, 2010). However, in order to provide conceptual 
clarity, this thesis follows the suggestion of an explicit distinction between the nature of 
scientific knowledge (NOSK) and the nature of scientific inquiry (NOSI; J. S. Lederman et al., 
2014; N. G. Lederman, 2007, 2019; Neumann, 2011). NOSK refers to the epistemology 
characterizing the science, its related processes and the consequences for the acquired 
scientific knowledge (Erduran & Dagher, 2014; N. G. Lederman, 2007; van Dijk, 2014). In 
contrast, NOSI explicitly focuses on the processes applied in science including the knowledge 
about scientific inquiry and associated practices (J. S. Lederman et al., 2014; N. G. Lederman, 
2019). Empirical studies included in this thesis assess students’ views about NOSI as the part 
of NOS that explicitly refers to scientific inquiry. 

The distinction of NOSI from other aspects of NOS is supported by several researchers. For 
instance, based on the observation that students distinguished between NOSK and NOSI, 
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Kampourakis (2016) argues that despite their close theoretical relation NOSK and NOSI should 
be conceptualized separately in science education research as well. Therefore, 
notwithstanding the close relationship and overlap between NOSK and NOSI (N. G. Lederman, 
2007; Neumann, 2011) with distinctions between NOSK and NOSI often fluent, this thesis will 
make use of the conceptualization of NOSI. By doing so, the focus on the processes of science 
and therefore, aspects of scientific inquiry is emphasized and distinguished from NOSK as well 
as broader considerations of NOS. 

2.3.2 Defining Nature of Scientific Inquiry as part of Nature of Science 

Within the field of NOS, this thesis focusses on aspects of NOSI, which Neumann (2011) 
describes as a component of NOS that is “important in school science contexts” (p.98). 
However, before defining the NOSI understanding underlying this thesis, it is important to 
consider the term scientific inquiry. Regarding the understanding of scientific inquiry 
distinctions between its consideration as an aspect of NOS and as a pedagogical method need 
to be made (van Dijk, 2014). Constructs related to inquiry-based teaching, that is scientific 
inquiry as a pedagogical method, are for example scientific reasoning and argumentation skills 
(Fischer et al., 2014; Kuhn, 2010) or problem-solving skills (Kremer et al., 2014; J. Mayer, 
2007). Closely related to the teaching of scientific inquiry is also the consideration of inquiry 
in terms of an idealized inquiry cycle including several different phases (J. C. Arnold et al., 
2014a; Emden, 2021; Kremer et al., 2019). Within science education many different models 
and conceptualizations have evolved to describe the inquiry process (Emden, 2021; Emden et 
al., 2016; Rönnebeck et al., 2016). In contrast, the focus of this thesis lies on the consideration 
of scientific inquiry as an aspect of NOS, which is also emphasized by the use of the term NOSI 
instead of scientific inquiry. If references to the use of scientific inquiry as a pedagogical 
method are made, this will be stated explicitly.  

This thesis’s conceptualization of NOSI as a part of NOS is based on the NOSI conceptualization 
proposed by J. S. Lederman et al. (2014), as this thesis uses empirical data that was collected 
using the Views about Scientific Inquiry (VASI) questionnaire, which is based on this 
conceptualization. Notwithstanding the differences between scientific disciplines, it is 
assumed that it is tenable and reasonable to consider these eight NOSI aspects as a foundation 
for science education as they provide meaningful links for more detailed discipline-specific 
discussions of NOSI. This perspective on the use of consensus-view conceptualizations is in 
line with assessments by, for example, McComas (2020a) and Kampourakis (2016). 

In terms of NOS, J. S. Lederman et al. (2014) conceptualize scientific inquiry by describing eight 
aspects that are central for science education. These eight NOSI aspects are “(1) scientific 
investigations all begin with a question and do not necessarily test a hypothesis; (2) there is 
no single set of steps followed in all investigations (i.e., there is no single scientific method); 
(3) inquiry procedures are guided by the question asked; (4) all scientists performing the same 
procedures may not get the same results; (5) inquiry procedures can influence results; (6) 
research conclusions must be consistent with the data collected; (7) scientific data are not the 
same as scientific evidence; and that (8) explanations are developed from a combination of 
collected data and what is already known” (J. S. Lederman et al., 2014, p. 68). The 
characteristics of the eight NOSI aspects are summarized in Table 2.  
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Table 2: Conceptualization of NOSI according to J. S. Lederman et al. (2014). 

No. Short titles of NOSI aspects Characteristics included in NOSI aspects 

1 Begin with a question  • Research questions guide scientific investigations 
• Research questions are informed by prior knowledge 
• Scientific investigations begin with a question 
• Scientific investigations do not necessarily have to formally state a 

hypothesis 

2 Multiple methods • A scientific investigation is not necessarily an experiment 
• Science encompasses a variety of research methodologies 
• Experiments and observations need to be distinguished 
• The method depends on the question asked 

3 Procedures guided by 
question 

• Research question and method need to be aligned 
• The research question determines the method 
• The method must be suitable for answering the question 
• Experiments may not always be a tenable approach 

4 Same procedures may not 
get same results 

• Scientific data need to be interpreted 
• Data interpretation is a subjective process 
• Data can legitimately be interpreted in various ways 
• A scientist's theoretical framework influences data interpretation 
• Handling of anomalous data affects data interpretation 
• Data interpretation depends on what is considered as evidence 

5 Procedures influence results • The method influences the kind of collected data 
• Technological advances can change common practices 
• Conclusions are influenced by how variables are measured and 

analyzed 
• Scientific knowledge may change depending on the method 

6 Conclusions consistent with 
data collected  

• Scientific knowledge is based on empirical data 
• The collected data must support the conclusions 
• Evidence is used to argue for a conclusion 
• Evidence is generated from the collected data 

7 Data does not equal 
evidence 

• Data and evidence do not have the same purpose 
• Observations amount to data 
• The form of the data depends on the method 
• Data can be used as evidence 
• Analysis and interpretation of the data can create evidence 
• Evidence only exists in relation to a question and conclusion 
• The selection of evidence poses a source of bias 

8 Explanations develop from 
data and prior knowledge 

• Prior knowledge guides investigations 
• Conclusions are informed by data and prior knowledge 
• Prior knowledge informs the interpretation of data and the handling 

of conflicting evidence 

One may notice that the first and especially second NOSI aspects seem to conflict the common 
pedagogical notion of an idealized inquiry cycle as suggested, for example, by J. C. Arnold et 
al. (2014b). From the pedagogical perspective, the primary student-oriented goal of providing 
(especially but not exclusively younger) students with an idealized inquiry cycle is to provide 
them with a frame of reference when introducing them to scientific inquiry (Egger, 2022; 
Emden, 2021). The scientific investigation, however, does not have to be an experiment. 
Furthermore, it is not ruled out that the steps suggested in the idealized inquiry cycle may be 
further differentiated, adapted or extended depending on the context, and may also be 
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critically discussed with more experienced students (Emden, 2021). Advantages that may 
result from the use of an idealized inquiry cycle in science education are the support that 
students get with regard to incorporating central elements of scientific investigations (like for 
example stating a research question) and especially to incorporate them in a way that allows 
to coherently build upon each other. In conclusion, Emden (2021) proposes to use an idealized 
inquiry cycle firstly, to introduce students to scientific inquiry and secondly, to consistently 
develop and extend students’ views of scientific inquiry, as the idealized cycle is increasingly 
differentiated and questioned during secondary education. While the goal of the NOSI 
perspective is quite similar, the focus expressed in the first three NOSI aspects lies on 
emphasizing that experiments are not the only method that may be applied in science. 
Instead, a scientific method should be chosen according to its consistency with and suitability 
for answering the proposed research question. Therefore, the considerations of scientific 
inquiry in terms of NOS(I) and from a pedagogical point of view, as expressed, for example, by 
Emden (2021), are not as conflicting as it may first seem.  

2.3.3 Assessing Nature of Science 

The assessment of NOS has a long research tradition in science education research (Abd-El-
Khalick & Lederman, 2023). Abd-El-Khalick and Lederman (2023) resume that, starting with 
the Science Attitude Questionnaire by Wilson (1954), researchers have developed a wide 
variety of instruments over the last decades in order to assess NOS conceptions of scientists, 
teachers and students of all age-groups. Efforts to summarize the available instruments and 
to update existing reviews have been made, for example, by N. Lederman et al. (1998), Abd-
El-Khalick (2014), and Abd-El-Khalick and Lederman (2023). The approaches to assessing views 
about NOS are manifold and include open-ended questionnaires (Koksal & Cakiroglu, 2010; J. 
S. Lederman et al., 2014; Schwartz et al., 2008), Likert-scaled or multiple choice questionnaires 
(R. Kelly & Erduran, 2019; Nehring, 2020), interview protocols (Akgun & Kaya, 2020; Bartels & 
Lederman, 2022), concept cartoons (J. C. Arnold et al., 2016; Kapitza, 2021), practical 
assessments (Moeller et al., 2022) and the analysis of participants’ drawings (Chambers, 1983; 
Lamminpää et al., 2023; Prechtl, 2005). Since the beginning of NOS assessment in the 1950s, 
NOS assessment has progressed from the use of forced-choice to the use of open-ended 
instruments (Abd-El-Khalick & Lederman, 2023). Currently, NOS assessment seems to 
experience a phase where only few instruments are newly developed. Nevertheless, 
established instruments are often adapted, modified, recombined or translated by 
researchers (Abd-El-Khalick & Lederman, 2023). In his review Abd-El-Khalick (2014) assessed 
which instruments were most frequently used in empirical studies between 1954 and 2012. 
With regard to forced-choice instruments, he found that the Test on Understanding Science 
(TOUS; Cooley & Klopfer, 1961) and Views of science technology society (VOSTS; Aikenhead 
et al., 1989) were most frequently used. With regard to open-ended instruments, the most 
frequently used instrument was the Views of Nature of Science Questionnaire (VNOS; N. G. 
Lederman et al., 2002), which more recently has also been resumed by Peters-Burton et al. 
(2019). With regard to the assessment of NOSI, the prominent instruments are the forced-
choice Student Understanding of Science and Scientific Inquiry (SUSSI; Liang et al., 2006, April) 
questionnaire and the open-ended Views of Scientific Inquiry (VOSI; Schwartz et al., 2008) and 
its respective revision the Views About Scientific Inquiry (VASI; J. S. Lederman et al., 2014). 

Within the scope of this thesis, students’ views about NOSI are assessed and compared across 
grade levels. In line with earlier remarks on EBs (cf. Subchapter 2.2.6), students’ views may be 
interpreted in terms of learning outcomes as well as prerequisites for further learning 
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opportunities. Abd-El-Khalick and Lederman (2023) describe the theory-ladenness of forced-
choice response options as one of the biggest challenges associated with respective 
instruments. One has to be aware that students may have a different understanding of certain 
terms used in items, such as, for example, experiments or evidence. Consequently, targeting 
a more fine-grained understanding of students’ understanding of NOSI, results in a need for 
the use of an open-ended response format. Therefore, within this thesis, open-ended 
questions and the VASI in particular are used in order to detect as well as qualitatively assess 
and describe differences in students’ understanding of NOSI in more detail. 

Considering the decision to assess students’ NOSI understanding with open-ended questions 
for the purpose of this thesis, the remaining part of this subchapter will focus on this 
assessment method. Prominent open-ended instruments for the assessment of NOS(I) are the 
previously mentioned VNOS, VOSI and VASI. These instruments are based on consensus 
approaches to conceptualize NOS(I) (J. S. Lederman et al., 2014; N. G. Lederman et al., 2002; 
Schwartz et al., 2008) and use the list-like description of NOS(I) aspects to their advantage. 
Each question of the instruments can be aligned with specific NOS(I) aspects. Nevertheless, 
responses are scored holistically in order to ensure that no information is lost by limiting the 
assessment of NOS(I) aspects to particular tasks. Therefore, the VNOS, the VOSI and the VASI 
offer systematic and profound approaches to assess participants’ views about NOS(I). 
Nevertheless, these well-established and widely recognized instruments have been criticized. 
Demands have been raised and efforts have been made to embed the assessment of 
participants’ NOS views in authentic, more contextualized tasks (Aduríz-Bravo, 2015; Allchin, 
2011). The development of the VASI as a revised form of the VOSI has addressed these 
demands and offers more contextualized items. However, to this date, little comparable open-
ended alternatives exist for assessment of NOS(I) that were empirically tested (Abd-El-Khalick 
& Lederman, 2023) and have proven useful for the effective assessment of larger sample sizes.  

Participants’ views about NOS(I) are generally interpreted in terms of sophistication or 
adequacy, which is based on normative assumptions (Neumann & Kremer, 2013). That is, 
participants’ views about science are compared to the views associated with the respective 
conceptualizations of NOS(I) underlying the assessment approach. Participants’ views that 
align with these benchmarks, which are often informed by professional science, are 
considered informed or adequate, while disparate views are considered naïve or inadequate 
(Abd‐El‐Khalick et al., 2023; N. G. Lederman, 2007; Russ, 2014). Different definitions of what 
counts as sophisticated are discussed among researchers (Deng et al., 2011; Russ, 2014). 
General criticism towards interpretations that are based on sophistication has already been 
reviewed in Subchapter 2.2.5 with respect to the interpretation of EBs. However, as Abd-El-
Khalick and Lederman (2023) reported, there is an increasing amount of and demand for 
empirical studies that assess relationships between participants’ understanding of NOS(I) and 
other constructs. Therefore, they demand to “bring some unity to the number of categories, 
scores, and score ranges used to qualify and then quantify learner NOS understandings” (Abd-
El-Khalick & Lederman, 2023, p. 866) in order to enable research syntheses and deriving of 
robust recommendations.  

2.3.4  Students’ views about Nature of Science 

Students’ views about science and scientists often reflect common stereotypes (Höttecke, 
2004; Miller et al., 2018). For example, related to scientists’ practices and social live scientists 
are often expected to live a rather solitary private and work life and to be exceptionally 
intelligent and objective (Ferguson & Lezotte, 2020; Höttecke, 2004; Meyling, 1990). In 
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comparison to themselves, students regard scientists to be more actively involved in acquiring 
new knowledge and rather generate innovative ideas by themselves instead of relying on 
external sources like books (Elder, 2002). Furthermore, students’ views about scientific 
knowledge and inquiry also indicate that students tend to believe that scientific inquiry is 
aimed at collecting prove (N. Lederman & Abd-El-Khalick, 1998), in order to get closer to “the 
truth” (Höttecke, 2004). Neumann (2011) with regard to reviews conducted by N. G. Lederman 
(2007) and Höttecke (2001) points out that students tend to belief in an absolute and 
unquestionable truth. In summary, these findings reveal rather naïve conceptions about 
science and scientists. 

Further stressing the gap between educating scientifically literate citizens and students’ actual 
views about science, empirical findings regarding the NOS views held by K12 students of 
diverse grade-levels generally show NOS views that are less sophisticated than expected or 
desired (Abd-El-Khalick, 2012b; Abd-El-Khalick & Lederman, 2023; N. G. Lederman, 2007). This 
is especially true for understandings of theories and laws as well as social and social-cultural 
dimensions of science, while their views seem more informed for the “empirical, creative, 
inferential, and/or tentative NOS” (Abd-El-Khalick & Lederman, 2023, p. 871). In line with 
these findings, different difficulties have been reported for the learning of NOS aspects by 
students (Cofré et al., 2019; Mesci & Schwartz, 2017). Finally, students have difficulties to 
transfer their understandings of NOS across contexts (Abd-El-Khalick & Lederman, 2023). With 
regard to the educational goal of scientific literacy, these findings raise serious concerns and 
indicate that reforms to the way we teach NOS ideas to students might be in order. 

With regard to NOSI, primary school students’ understanding of scientific inquiry has been 
assessed, for example, in the U.S. by Schellinger et al. (2017), who administered the Views of 
Scientific Inquiry – Elementary School Version (VOSI-E; Schwartz et al., 2008) in grade levels 4 
and 5, and by Bartels and Lederman (2022), who administered oral and written versions of the 
Young Children’s Views of Science (YCVS; J. S. Lederman & Bartels, 2018) instrument in grade 
levels 1, 3 and 5. For the NOSI aspects begin with a question and multiple methods it was found 
that students held mostly naïve views with only few if any views scored as informed (Bartels 
& Lederman, 2022; Schellinger et al., 2017). Bartels and Lederman (2022) reported the shares 
of adequate views and for each school within their sample. For the NOSI aspect begin with a 
question the reported shares were below 10% in grade levels 3 as well as 5. For the NOSI 
aspect multiple methods, the share of reported adequate views ranged between 0% and 16% 
for grade level 3, and between 0% and 25% for grade level 5. Regarding the NOSI aspect 
explanations develop from data and prior knowledge, the pre-intervention results reported by 
Schellinger et al. (2017) for the aspects “developing scientific explanations” and “support 
explanations” with more than 80% of naïve views might be illustrate young students’ 
difficulties with this NOSI aspect. These findings of mostly naïve views about NOSI held by 
primary school students have also recently been emphasized to exist across NOSI aspects and 
different countries (J. S. Lederman et al., 2023). 

Regarding secondary school students’ NOSI understanding assessed with the VASI, it has been 
reported that higher grade levels are associated with higher levels of sophistication for 
students’ NOSI understanding (Gai et al., 2022; Gyllenpalm et al., 2022; J. S. Lederman et al., 
2021). Recently, benchline data that offers unique international insights has been published 
from the parallel use of the VASI in multiple countries from all over the world (J. S. Lederman 
et al., 2021; J. S. Lederman et al., 2019). Despite differences found across countries, it was 
concluded that, in general, the majority of primary school students as well as mid and upper 
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secondary school students does not hold informed views about NOSI. Applicable to all three 
studies but with respect to the study targeting mid secondary school students, J. S. Lederman 
et al. (2019) summarize that “[some] countries do show reasonable understandings in certain 
aspects but the overall picture of understandings of scientific inquiry is not what is hoped for” 
(p. 487).  

Finally, Abd-El-Khalick and Lederman (2023) resume that research has lately also focused on 
relationships between students understanding of NOS and other constructs relevant for 
learning. However, they report findings concerning the relationship between students’ NOS 
understanding and other variables, like the socio-economic-status, sex or grade level, to be 
inconsistent. Furthermore, they point out that, as a major shortcoming, research on NOS still 
lacks empirical studies providing evidence for the value of NOS teaching in terms of being 
beneficial for students learning and educational progress.  

2.3.5 Teaching Nature of Science 

There is an increase in science education researchers reviewing the consideration of NOS 
within educational standards and policy documents (Abd-El-Khalick & Lederman, 2023). 
Findings show general support and sometimes explicit demands for teaching NOS in 
educational standards (Kaya & Erduran, 2016; Mork et al., 2022; Yeh et al., 2019). However, 
the explicit consideration of NOS in educational standards and policy documents 
unfortunately seems to be receding (Abd-El-Khalick & Lederman, 2023). For example, NOS had 
been included explicitly in standard documents in the U.S., although this has changed recently 
with the implementation of the NGSS (N. G. Lederman, 2019). Moreover, regarding the degree 
of NOS inclusion in the national educational standard documents, substantial differences can 
be found between countries (J. S. Lederman et al., 2019). 

There is an extensive body of literature related to teaching NOS (Abd-El-Khalick & Lederman, 
2023; Cofré et al., 2019; Khishfe, 2023). While it is beyond the scope of this thesis to review 
this literature in detail, insight will be offered into some of the most prominent approaches 
advocated within the research field. Thereby, consensus in the field as well as differing 
perspectives related to the underlying conceptualizations of NOS are considered.  

That is, based on the different conceptualizations of NOS, researchers propose competing 
perspectives towards its teaching. First, related to the separation or integration of nature of 
scientific knowledge (NOSK) and scientific inquiry (NOSI) in NOS conceptualizations, 
researchers might either advocate to teach NOS explicitly by confronting students with well-
demarcated activities addressing selected aspects of NOS (or NOSI) (Abd-El-Khalick, 2012a; N. 
G. Lederman, 2007) or implicitly as the longterm result of students’ engagement with 
meaningful and authentic scientific inquiry (Duschl & Grandy, 2013; Duschl & Osborne, 2002). 
Although not resented by researchers associating with the first approach, the role of 
engagement in authentic scientific practice for NOS learning has been hotly debated (Abd-El-
Khalick, 2012a; Duschl & Grandy, 2013; Hodson & Wong, 2014). However, given that an 
approach was practiced for a sufficient timespan or respectively with adequate levels of 
explication, both approaches have successfully been implemented to foster participants’ 
views about NOS. For instance, active engagement in professional science settings (Burgin & 
Sadler, 2015; Davidson et al., 2020) and longterm instructional interventions promoting 
scientific inquiry in constructivist learning settings (Smith et al., 2000) as well as explicit NOS 
teaching using tasks designed to illustrate and explicitly discuss particular NOS aspects 
(Akerson et al., 2000; Bell et al., 2011; Khishfe & Abd-El-Khalick, 2002) were found to be 
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effective in teaching aspects of NOS. However, regarding the school context, “effectiveness of 
explicit over implicit approaches has been demonstrated” (Burgin & Sadler, 2015, p. 31). 

Second, related to the consideration of consensus or alternative approaches to conceptualize 
NOS, researchers might either stress commonalities of scientific disciplines or purposefully 
embrace differences between scientific disciplines by stressing the complexity of science. NOS 
teaching based on consensus approaches, which typically stress commonalities, may tend to 
separately address demarcated aspects of NOS and use decontextualized NOS activities as 
exemplified by N. Lederman and Abd-El-Khalick (1998). In contrast, NOS teaching that is based 
on alternative approaches, which typically stress the complexity of science, may tend to use 
highly contextualized scenarios to address NOS as exemplified by Allchin (2012a, 2013). In 
general, the use and utility of historical or contemporary cases for NOS teaching is widely 
promoted by a broad range of researchers (Heering et al., 2015; McComas, 2008; Shibley, 
2003). However, the role of such contexts is different for each of the two approaches. For 
consensus approaches, the contextualization of NOS activities is optional and contexts might 
be reduced in complexity in order to focus attention on the particular NOS aspect targeted by 
a provided task. Historical or philosophical knowledge related to science is viewed as a helpful 
means in order to understand NOS. In contrast, alternative approaches to teaching NOS often 
regard the contextualization of activities and tasks as crucial. Respective contextualization 
necessarily embodies a certain level of complexity, in order to stress the variety of different 
perspectives or interpretations inherent to science. Historical or philosophical knowledge 
related to science may be considered as a part of NOS. Despite these differences between the 
approaches, Abd-El-Khalick and Lederman (2023), conclude that there is a broad consensus 
among NOS researchers on the importance of explicitly discussing NOS, in order to foster 
students’ understanding of NOS. In line with this conclusion, the active contemplation and 
reflection or discussion of NOS aspects have been regarded as very important by many 
researchers, in order to foster understanding of NOS (Elby et al., 2016; Khishfe & Abd-El-
Khalick, 2002). In order to guide and support the explicit discussion of NOS, Erduran and 
Dagher (2014) have suggested the use of graphical illustrations. Again, both decontextualized 
(Akerson et al., 2000) and contextualized (Wong et al., 2008) approaches to teaching NOS have 
been found effective.  

In an effort to characterize different approaches to teaching NOS and their strengths and 
weaknesses, Clough (2006) has suggested to regard their level of contextualization on a 
continuum from strongly decontextualized to highly contextualized approaches. He points out 
that different levels of contextualization are likely to provide different learning opportunities 
resulting from the approaches. For example, he argues that on the one hand learners that are 
new to NOS might profit from decontextualized NOS tasks, as they might be overwhelmed or 
simply distracted by the complexity of contextualized tasks. On the other hand, learners might 
benefit from the contextualization of NOS tasks as these may help learners to meaningfully 
connect the meta-perspective of NOS to scientific practice (Clough, 2006).  

This view of regarding both approaches to teaching of NOS as valid and meaningful depending 
on the educational setting and goals is also shared by Kampourakis (2016). He proposes to 
start teaching NOS by aligning with the consensus view in order to provide students with an 
initial understanding of general (possibly idealistic) characteristics of science. Based on this 
basic understanding of NOS, he suggests to increasingly include the discussion of differences 
between and within disciplines guided by the FRA. This combination might pose a promising 
integration of consensus and alternative approaches to conceptualizing and teaching NOS. 
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Regardless of debates about conceptualizations of NOS and particular approaches to NOS 
teaching, Abd-El-Khalick and Lederman (2023), with regard to the larger scale of precollege 
curricula, admonish that “the area where our knowledge continues to be dismal is the 
developmental appropriateness of NOS ideas for school students” (p. 882). Suggestions on 
how to progressively increase the complexity and depth of NOS considerations during science 
education have been made, for example, by Abd-El-Khalick (2012b), Emden (2021) and Khishfe 
(2023). Nevertheless, Abd-El-Khalick and Lederman (2023) call for the development of an 
“optimized scope and sequence [of NOS learning goals] across precollege curricula” (p. 884). 
They criticize that despite empirical reports of differential learning, conceptualizations as well 
as systematic research on the developmental appropriateness of NOS ideas are missing. 

2.3.6 Relevant characteristics of the German educational system and alignment of 
German teaching practice with aspects of Nature of Scientific Inquiry 

The first part of this subchapter provides a rough introduction to relevant characteristics of 
the German educational system regarding, for example, the integrative and/or separate 
teaching of science subjects. While the first part is preferably based on educational standards 
for German science education in general, the second part of this subchapter is primarily 
informed by the curricula of federal states5 and exemplarily reviews the extent to which 
selected aspects of NOSI are reflected in German primary and secondary school curricula. 
Considering the empirical studies reported in Chapters 3 and 4, the review focuses on curricula 
from federal states, in which studies were conducted. The last part of this subchapter reviews 
the extent to which selected aspects of NOSI are reflected in German science classrooms.  

In German primary schools, science is taught as an integrated subject (“Sachunterricht”) 
combining multiple perspectives that refer to Sociology, Science, Technology, History, and 
Geography (Gesellschaft für Didaktik des Sachunterrichts [GDSU], 2002; Steffensky et al., 
2020). The “Sachunterricht” is meant to provide students with the basic competences needed 
for science and sociology subjects taught in secondary school (Grewe & Möller, 2020; KMK, 
2015). Within German secondary schools, these competences are further elaborated. Science 
at secondary level is taught either as an integrated subject in non-academic track schools, or 
as separate discipline-specific subjects in academic track schools (Biology, Physics, and 
Chemistry). It is common that students have (had) more than one science subject when 
entering mid secondary school (e.g., grade level 7). As it becomes evident in the curricula of 
the respective, separately taught, science subjects, secondary school increasingly provides 
students with more discipline-specific learning opportunities especially in higher grade levels 
(Ministerium für Allgemeine und Berufliche Bildung, Wissenschaft, Forschung und Kultur des 
Landes Schleswig-Holstein [MBWK SH], 2023; Ministerium für Schule und Berufsbildung des 
Landes Schleswig-Holstein [MSB SH], 2014; KMK, 2020a) 

It is important to notice that in Germany, NOS(I) is not explicitly addressed within the 
educational standards and curricula. For primary school, aspects of NOS(I) may be primed 
within the context of actively exploring scientific phenomena of students’ everyday life (KMK, 
2015). Regarding secondary school, scientific literacy, which comprises aspects of NOS(I), is 
explicated as the overarching educational goal in the German educational standards for 
secondary education (KMK, 2020a, 2020b, 2020c). Accordingly, NOS(I) aspects can also be 

                                                       
5 If possible, standards compulsory for all federal states are considered. However, there are no such standards 
available for primary school and the curricula of the federal states are much more detailed and informative for 
references to particular contents taught at school. 
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aligned with the curricular content in the competence field related to scientific inquiry 
(“Erkenntnisgewinnung”) (Dittmer & Zabel, 2019; Heering & Kremer, 2018; KMK, 2020a). The 
following paragraphs are dedicated to the review of reflections of particular NOSI aspects in 
German educational standards. 

Alignment of German curricula with the NOSI aspect begin with a question 
The formulation of research questions only plays a minor role in German secondary school 
curricula, whereas the stating of hypotheses is emphasized. For instance, stating hypotheses 
is explicitly included as a possible contribution of students to lessons and should be included 
in their performance evaluation (Ministerium für Bildung, Wissenschaft und Kultur des Landes 
Schleswig-Holstein [MBWK SH], 2019a). Also, the phrase “aufstellen/ Hypothesen entwickeln” 
(stating/developing hypotheses) is included as an “Operator” in the list of words suggested 
for formulating tasks (MBWK SH, 2019a), which further emphasizes the focus on hypotheses. 
This is a major difference to the conceptualization of the NOSI aspect begin with a question 
by J. S. Lederman et al. (2014). Also, notwithstanding that a section with competences to be 
learnt in the competence field “Erkenntnisgewinnung” (knowledge acquisition) is dedicated 
to research questions as well as hypotheses, the descriptions included in subsequent sections 
(develop and apply designs of investigations, perform and document data analyses) heavily 
focus on hypotheses. That is, while the secondary school curriculum of Schleswig-Holstein 
does not explicitly emphasize the distinction between hypothesis and research question, it 
implies that the hypothesis (and not the research question) guides the research design and 
linking of conclusions to initial phases of the investigation (MBWK SH, 2019a). 

This perspective of the hypothesis guiding scientific inquiry that German secondary school 
curricula seem to be based upon, is in line with the perspective proposed by J. Mayer and 
Ziemek (2006). The authors suggest the distinction that a (scientific) question has a broader 
scope compared to a hypothesis and in addition, is not stated with respect to empirical 
verifiability or an experimental design. In contrast, the hypothesis “differs from the question 
in that it has to be empirically verifiable and must be formulated accordingly” (J. Mayer & 
Ziemek, 2006, p. 6, translated into English by the author). 

Alignment of German curricula with the NOSI aspect multiple methods 
Regarding the NOSI aspect multiple methods, the scientific methods stressed in the curricula 
and the role of experiments in relation to other methods may be considered. German primary 
school curricula describe different scientific methods and procedures, like observing, 
investigating, comparing or structuring (Ministerium für Schule und Weiterbildung des Landes 
Nordrhein-Westfalen [MSB NRW], 2008; Niedersächsisches Kultusministerium [MK], 2017). 
Scientific experiments seem to play only a minor part in primary education. The term is either 
not explicitly mentioned in the curriculum (e.g., MK, 2017) or it is mainly used non-
scientifically in the context of other subjects, like foreign language, music or art, in the sense 
of “trying something out” (e.g., MSB NRW, 2008). 

In contrast, science-specific curricula for secondary schools explicitly acknowledge the 
importance of experiments and grant them a prominent position. An overview of the 
curricular content summarized in the competence field “Erkenntnisgewinnung” (knowledge 
acquisition) is offered, which includes the aim for students to “capture the meaning of 
experiments, models and theories” (MBWK SH, 2019a, p. 15, translated into English by the 
author) and therefore, explicitly stresses the experiments’ prominent role in this domain. 
Furthermore, the description of scientific methods applied in Biology lessons also explicitly 
mentions “systematic and reflective experimentation” (MBWK SH, 2019a, p. 16, translated 
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into English by the author) and the curriculum organizes competences students should learn 
in the domain “Erkenntnisgewinnung” according to phases of an idealized inquiry cycle 
(develop questions, pose hypotheses, develop and apply designs of investigations, perform 
and document data analyses; MBWK SH, 2019a, p. 17, translated into English by the author). 
The latter as well as the explicit reference to experiments in the description of the competence 
field “Erkenntnisgewinnung” is also true for the curricula mandatory for physics, chemistry 
and science being taught as an integrative subject (MSB SH, 2014; KMK, 2020b, 2020c). It can 
be concluded that, while multiple methods are to be applied in German science education, 
experiments are emphasized and considered particularly important. 

Alignment of German curricula with the NOSI aspect conclusions consistent with data 
collected 
Referring to the NOSI aspect conclusions consistent with data collected, recommendations for 
primary school already explicitly emphasize that “critical-examining reflection” (KMK, 2015, 
p. 13, translated into English by the author) should be cultivated and aimed for. Further 
pursuing this aim, the secondary school curriculum, for example, establishes the “systematic 
and reflective experimentation” (MBWK SH, 2019a, p. 16, translated into English by the 
author) as integral part of Biology teaching. Drawing conclusions that are consistent with the 
data collected is in line with these educational goals. Furthermore, like the NOSI aspect 
explanations develop from data and prior knowledge the NOSI aspect conclusions consistent 
with data collected is closely linked to evaluation criteria for students’ achievement in 
secondary school. Not only does the “Operator” “(über)prüfen” (examine or check) require 
students to ensure internal consistency of statements and uncover possible contradictions 
(MBWK SH, 2019a), but the curriculum also includes the competence field “Bewertung” 
(evaluation). In this context the curriculum demands that secondary school students learn a 
“conclusive structure of presentations” (MBWK SH, 2019a, p. 36 and p. 68). Again, special 
emphasis is given to upper secondary school were students are supposed to extend their 
ability to “draw conclusions from evidence” (MBWK SH, 2019a, p. 39, translated into English 
by the author). Therefore, although not necessarily explicitly, this NOSI aspect can be assumed 
to be commonly targeted in German science teaching.  

Alignment of German curricula with the NOSI aspect data does not equal evidence 
The term evidence may be translated into German by either referring to it as “Evidenz” or 
“Beleg” (cf. Subchapter 4.2.3). However, it must be assumed that neither of these terms is 
frequently used in science class. Indeed, the term “Beleg” is rarely used in secondary school 
curricula. In fact, it only occurs in the biology curriculum (but not in the physics or chemistry 
curriculum) in a single isolated context in mid secondary school and a general explanation 
related to upper secondary school (MBWK SH, 2019a). Also, the term “Evidenz” (evidence) 
does not occur in the curricula at all (MBWK SH, 2019a, 2019b, 2019c; MSB SH, 2014)6. 
Consequently, it must be assumed that teachers may rarely explicitly distinguish between data 
and evidence in their teaching practice, which in turn would result in students not being 
familiar with the terms.  

Instead, the distinction between data (or observations) and their interpretation is pronounced 
in German secondary school curricula (MBWK SH, 2019a, 2019b, 2019c; MSB SH, 2014). 
Teachers are therefore much more likely to focus on this distinction, which is also 
implemented and supported by the “Operatoren” provided in the curriculum. These 
                                                       
6 This is true for the science curricula that were effective during the time of data collection (cf. Subchapter 4.2.1). 
The new, recently introduced curriculum contains two occurrences of the term evidence (MBWK SH, 2023). 
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distinguish between the terms “beschreiben” (describe) and “erklären” (explain) or 
“erläutern” (elucidate; MBWK SH, 2019a, p. 69). Furthermore, this distinction also becomes 
evident in the structure commonly used in protocols, which include section headings like 
“observation” and “analysis” (Bayrak & Ralle, 2016; Retzlaff-Fürst, 2013). However, students 
often struggle with the distinction between observations and interpretations (Gropengießer, 
2020; Vorholzer, 2017). 

Alignment of German curricula with the NOSI aspect explanations develop from data and prior 
knowledge 
Regarding the NOSI aspect explanations develop from data and prior knowledge and related 
practices, primary school curricula rather emphasize the importance of “Begegnungen” 
(encounters; MSB NRW, 2008, pp. 40–41; MK, 2017, p. 7), explorations and “Lernen durch 
Erfahrung” (learning by experience; MK, 2017, p. 6). In contrast, the secondary school 
curriculum more precisely emphasizes that “learners can gain content knowledge by using 
scientific methods of knowledge acquisition” (MBWK SH, 2019a, p. 16, translated into English 
by the author). This illustrates how the role of scientific investigations shifts from loose 
explorations in primary school towards the purposeful development of explanations in 
secondary school. Additional evidence for this shift can be found in the list of words suggested 
in the respective curricula for the formulation of tasks (“Operatoren”). For instance, the 
primary school curriculum may include terms like “erkunden” (explore), “erproben” (test or 
try out), or “nacherfinden” (re-invent; MK, 2017, p. 32). In contrast, the secondary school 
curriculum no longer includes these terms but adds further terms related to the development 
of explanations instead. For instance, the secondary school curriculum of Schleswig-Holstein 
includes terms like “ableiten” (derive), “auswerten” (analyze), “erläutern” (elucidate), 
“interpretieren” (interpret), “verallgemeinern” (generalize), or “zusammenfassen” 
(summarize; MSB SH, 2014, pp. 41–42. In summary, one may say that practices related to the 
NOSI aspect explanations develop from data and prior knowledge are primed in primary school 
and explicitly emphasized and fostered in secondary school.  

Insights into German science teaching practice and the role of scientific inquiry therein 
With regard to teaching practice in German science classrooms, video analyses of secondary 
school Biology and Chemistry lessons further suggest that the focus of science teaching lies on 
performing investigations leaving students with only limited learning opportunities, for 
example, related to the NOSI aspect begin with a question (Dorfner et al., 2018; Nehring et al., 
2016). For Biology lessons, Dorfner et al. (2018) found that hypothesis generation, which in 
the authors’ coding manual also included posing of a main research question, occurred in less 
than 20% of the analyzed lessons. In addition, the time spent in Chemistry lessons on posing 
questions and generating hypotheses amounted to less than 10% and was significantly shorter 
compared to other dimensions that were planning and performing as well as analysis and 
reflection (Nehring et al., 2016). Despite the central learning goal for students to reach an 
adequate understanding of the experimentation process, Kremer et al. (2019) reported 
students to have difficulties to generate research questions and pose alternative hypotheses. 

It has been summarized from the review of German curricula that an emphasis is put on 
practices related to the NOSI aspect explanations develop from data and prior knowledge. This 
assumption is also supported by the analyses of videotaped lessons by Egger (2022) and 
Dorfner et al. (2018). Egger (2022) analyzed lessons on scientific investigations during 
“Sachunterricht” in grade levels 3 and 4. In line with the previously exemplified focus on 
exploration, she found the primary school lessons to contain considerably more learning 
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opportunities for performing observations compared to drawing conclusions and therefore, 
developing explanations. In contrast, Dorfner et al. (2018) analyzed secondary school biology 
lessons and reported that the evaluation of evidence was a common activity performed in 
more than half of the considered lessons. Students in secondary school may thus be 
considered to have frequent learning opportunities for practices related to the NOSI aspect 
explanations develop from data and prior knowledge.  

However, considering the findings from the video analyses by Dorfner et al. (2018) it is also 
striking that the observed frequency of the assessed epistemic activities differed considerably 
in the videotaped lessons. For instance, planning of biological methods, which might be 
particularly relevant with regard to the NOSI aspects procedures guided by question, was 
vastly absent in the considered sample of 85 videos. This implies that science teaching practice 
does not equally address practices related to scientific inquiry. Accordingly, with respect to 
NOSI aspects, German secondary school education provides disparate learning opportunities 
to students. 

2.4 Integrating research on Epistemic Beliefs and Nature of Science 

The previous chapters show that research on EBs and, respectively, NOS pose two well-
established research fields within science education research with each field having its own 
history, norms, traditions and disputes. For instance, the interpretation of certain views as 
sophisticated is primarily questioned and debated in relation to EBs and EC. In contrast, 
debates about the representation of epistemic aspects in the curriculum and particular 
approaches to teaching students an understanding of these aspects are especially prominent 
in research related to NOS. After considering the research fields of EC, or particularly EBs 
(Chapter 2.2), and NOS (Chapter 2.3) with regard to their respective perspectives, research 
traditions and approaches, this chapter will focus on the relationship between research on 
EBs and NOS.  

In particular, this Chapter starts with a consideration of the overlap and differences between 
EBs and NOS in Subchapter 2.4.1. With a particular focus on science education, 
Subchapter 2.4.2 further elaborates on how the two fields of research have increasingly 
become intertwined. This review of links and relations between NOS and EBs highlights the 
benefits that an integrative perspective towards both research fields could offer. In pursuit of 
addressing this desideratum, Subchapter 2.4 offers an alternative way to characterize the 
research on EBs and NOS. An innovative two-dimensional framework is proposed that has 
specifically been designed to restructure and integrate research on EBs and NOS or – more 
generically speaking – epistemic aspects in science education. In the progression of this thesis, 
the framework will be used as a context that is mutually meaningful for the positioning of the 
thesis’s different empirical approaches (Chapters 3 and 0) and to facilitate the discussion of 
the reported empirical findings (Chapter 5).  

2.4.1 Overlap and differences between Epistemic Beliefs and Nature of Science 

In order to review the existing overlap and differences between EBs and NOS, this subchapter 
compares the two research traditions with regard to the following five aspects: First, the 
resulting body of literature; second, the historical origin of the discipline and the development 
of the discipline-specificity; third, the considered research content; fourth, the frame of 
reference with regard to the targeted epistemology; and finally, the methodological 
perspective. 
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Until today, research on EBs and NOS has produced two bodies of literature that, in spite of a 
similar research content, have mainly remained separate from each other (Elby et al., 2016; 
Neumann & Kremer, 2013; Priemer, 2006; Sandoval, 2014). This becomes visible in the use of 
different terminology or journals (Greene et al., 2016b; Maggioni & Parkinson, 2008; 
Neumann & Kremer, 2013) as well as the constitution of collective volumes primarily related 
to either EBs (e.g., Bernholt et al., 2017; Greene et al., 2016a; Hofer & Pintrich, 2002; Khine, 
2008; A.-K. Mayer & Rosman, 2016) or NOS (e.g., Abell & Lederman, 2007; Fraser et al., 2012; 
Hößle et al., 2004; Khine, 2012; N. G. Lederman & Abell, 2014; N. G. Lederman et al., 2023; 
Matthews, 2014, 2018; McComas, 1998, 2020b). This points to the existence of differences 
between NOS and EBs and/or different communities of researchers. 

Despite a shared interest in epistemic aspects of science, it is important to notice that the 
research traditions of EBs and NOS as well as their discipline-specificity have different histories 
and origins. Research on EBs has its origins in psychology (Greene et al., 2016b). Within 
research on EBs, the consideration of scientific knowledge is a subsequent adaption that 
evolved in response to debates about the discipline-specificity or -generality of EBs (cf. 
Subchapter 2.2.3). In contrast, Neumann and Kremer (2013) argue that research on NOS 
“focuses on aspects of scientific knowledge and scientific inquiry by nature” (p. 222-223; 
translated into English by the author). That is, considerations of (professional) science are 
inherent to research on NOS that has its origins in science education. In line with this 
assessment, the common practice of early discipline-specific research on EBs to adapt domain-
general instruments has been criticized (Sandoval, 2016), as the resulting instruments lacked 
representation of discipline-specific characteristics. Considering the science-specific EB 
instruments that recently are most popular (cf. Table 1, p. 17), these instruments also include 
considerations of practices and activities typically found in science, such as social negotiation 
or experiments (Conley et al., 2004; Stathopoulou & Vosniadou, 2007; Tsai & Liu, 2005). 
Nevertheless, Sandoval (2016) argues that despite the discipline-specific explications made 
within research on EBs, NOS research offers a more specific conceptualization of science, as it 
addresses scientific practices not only explicitly but also in more detail.  

Research on EBs and NOS shares a common interest regarding their research content, that is, 
epistemic aspects of science and likewise, assesses views about (scientific) knowledge and 
knowing (Priemer, 2006). In their article, Neumann and Kremer (2013) compare and outline 
the research content considered in the respective fields of EBs and NOS. The authors describe, 
for example, certainty or tentativeness of scientific knowledge as well as the justification and 
empirical inquiry process as common aspects that are targeted in both research fields. On the 
other hand, there are aspects that are exclusive to either research on EBs or NOS (Neumann, 
2011; Neumann & Kremer, 2013). For instance, Neumann and Kremer (2013) state that 
considerations of the source of knowledge is exclusive to research on EBs. In contrast, 
considerations of, for example, distinctions between data and evidence, observation and 
conclusion, theories and laws, as wells as considerations of the theory-ladenness of scientific 
knowledge are exclusive to research on NOS. Therefore, Neumann and Kremer (2013) as well 
as Neumann (2011) conclude that research on EBs and NOS, on the one hand, shares a 
considerable overlap of research content while, on the other hand, concurring with their 
historical development, additional, characteristic aspects exist for each research field, as well.  

In order to distinguish between research on EBs and NOS, researchers commonly stress the 
different frames of reference with regard to the targeted epistemology (Elby et al., 2016; Hand 
et al., 1999; Priemer, 2006; Sandoval, 2014, 2016). That is, while research on EBs traditionally 
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focusses on views about one’s own knowledge (about science), NOS commonly focusses on 
(one’s) views about scientific knowledge (Elby et al., 2016). Thus, building on the distinction 
of individual and social epistemology (Greene, 2016; Hofer, 2016; Weinstock, 2016), the frame 
of reference for research on EBs is individual epistemology, while NOS targets and refers to 
social epistemology. Further describing the epistemologies targeted in the respective fields, 
researchers dealing with EBs commonly refer to either personal epistemology or more lately 
Epistemic Cognition, while in epistemology of science is targeted by research on NOS 
(Sandoval, 2016).  

In addition to the research content and despite limitations to this generalization, researchers 
have also described differences in the methodological research approaches associated with 
EBs and NOS. For instance, assessment of individuals’ EBs is rather associated with a 
descriptive perspective that takes a bottom-up approach based on individuals’ personal 
epistemology, that is, one’s views about knowledge (in science), and compares these views to 
the individual’s views of other disciplines (Hofer, 2000; Muis, Trevors, Duffy, et al., 2016; 
Urhahne & Kremer, 2023) or the socially accepted, epistemology of science (Elby et al., 2016; 
Neumann & Kremer, 2013). On the other hand, assessment of individuals’ views towards NOS 
takes a normative, top-down approach that is based on the epistemology of science, which is 
conceptualized as a collection of socially accepted, collective views of professional science. 
Within NOS research, conceptualizations of the epistemology of science are commonly used 
as normative standards guiding instrument development as well as the interpretation of 
individuals’ views about science (Neumann & Kremer, 2013; Russ, 2014). Resulting from these 
different methodological approaches is also the considered status of the assessed views as 
either personal beliefs or pieces of content knowledge held by an individual (Neumann & 
Kremer, 2013).  

It can be concluded, that the different historical origins of research on EBs and NOS are to 
some extent reflected in all of the aforementioned five aspects that are the respective bodies 
of literature, development of discipline-specificity, research content, frame of reference 
regarding the targeted epistemology, and methodological perspective7. However, despite 
research on EBs and NOS being both established and equally valid, there is a substantial 
overlap regarding the considered research content in EB and NOS research. Consequently, 
there is a complex link between EBs about science and NOS that merits further attention. 

2.4.2 Blurry lines between Epistemic Beliefs and Nature of Science 

The previous Subchapter 2.4.1 has already outlined the blurry lines between the research 
content considered in research on EBs and NOS, respectively. After decades of research on 
epistemic aspects related to teaching and learning science, research on EBs (or more generally 
EC) as well as NOS shows a considerable variety of conceptualizations and different 
approaches that developed in response to the emerging demands within science education 
research (cf. Chapters 2.2 and 2.3). Consequently, it is not surprising that although research 
on EBs and NOS often differs with regard to the previously considered characteristics, 
distinctions between EBs and NOS are rarely clear cut (Murphy & Alexander, 2016; Neumann 
& Kremer, 2013). Focusing on research in science education, this subchapter will argue that, 
despite different historical origins and separate bodies of literature, research on EBs and NOS 

                                                       
7 For further details also confer Neumann and Kremer (2013). The article offers a detailed analysis of the 
distinction between EBs and NOS. 
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have increasingly converged and become interwoven with regard to their frame of reference 
and methodological perspective, as well.  

Considering research on EBs in the context of science education, features commonly 
associated with NOS are evident in research on EBs as well due to developments of the 
research field. As it has been described in this thesis (cf. Subchapters 2.2.3 and 2.4.1), the 
consideration of discipline-specific EBs and therefore, science-specific EBs, evolved in relation 
to and as a specification of domain-general EBs. By now, the vast majority of instruments used 
to assess science-specific EBs commonly refers to individuals’ views about professional science 
and scientific knowledge and only rarely targets individuals’ views about their own scientific 
practice or knowledge (Voitle et al., 2022). This, however, seems to contradict the common 
frame of reference used in research on EBs that should typically refer to one’s own knowledge. 
Instead, the focus on professional science in assessments of science-specific EBs seems to 
rather be in line with traditional views of NOS that use the epistemology of science as a frame 
of reference to develop instruments and interpret results. This impression is further 
emphasized by the common practice of interpretation applied in research on EBs. That is, if 
individuals’ science-specific EBs are considered separately without comparing them to EBs 
about other disciplines, researchers rely on an external reference in order to interpret 
individuals’ responses. In science education research, science-specific EBs are rarely compared 
to other discipline-specific EBs, but rather related to other variables relevant for science 
learning (e.g., Greene et al., 2018; She et al., 2019; Tsai et al., 2011) or student-related 
variables (e.g., Conley et al., 2004; Schiefer et al., 2022; Trautwein & Lüdtke, 2008). 
Instruments separately assessing science-specific EBs, therefore, rely on an external frame of 
reference for interpretation of results. Referring to established descriptions of the 
epistemology of science (originating from the research field of NOS) has become common 
practice (Conley et al., 2004; Russ, 2014; Sandoval, 2016). In doing so, research on science-
specific EBs also has adopted an increasingly normative and less descriptive methodological 
perspective. In sum, research on EBs, as it is integrated in science education research, has 
increasingly incorporated traditional NOS characteristics and is receding from features 
traditionally associated with (domain-general) EBs.  

However, considering research on NOS, there have been deviations from the features 
traditionally associated with NOS, as well. Based on the conceptualizations of the 
epistemology of science, individuals’ views about science have been assessed and interpreted 
(e.g., N. G. Lederman et al., 2002; Liang et al., 2006, April). However, instead of testing for 
content knowledge about NOS, demands have been raised within the research field of NOS to 
contextualize assessments to address students’ functional understanding of NOS (Allchin, 
2011) and proximal knowledge of NOS (Hogan, 2000), or belief-based knowledge (Schalk, 
2012). Thus, assessments of individuals’ views about NOS often not only target professional 
science and individuals’ views of the epistemology of science. Instead, research also aims to 
address individuals’ personal experiences with (doing) science in terms of targeting proximal 
knowledge (Schalk, 2012), using proximal assessments (Klosterman & Sadler, 2010), or 
promoting reflections on NOS that are related to activity-based interventions or authentic 
science experiences (Akerson et al., 2000; Burgin & Sadler, 2015). Therefore, research on NOS 
also purposefully changes the frame of reference by targeting individual epistemology in its 
pursuit to meaningfully contextualize NOS interventions and assessments. While this practice 
is certainly fruitful, it also illustrates how the convergence of research on EBs and NOS is 
facilitated by the incorporation of traditional EB features into research on NOS. 
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The diversification of theoretical conceptualizations and methodological research approaches 
has resulted in the convergence of research on EBs and NOS with traditional boundaries 
getting blurred considerably. Notwithstanding the existence of differences between those 
research traditions, the convergence of the two research traditions results in a widely 
interwoven research field within science education research. In addition to the common 
acknowledgement that the research content of EBs and NOS overlaps (Elby et al., 2016; 
Neumann & Kremer, 2013), this subchapter illustrated that a distinction of EBs and NOS based 
on the used frame of reference or methodological perspective has likewise become less clear 
and therefore, less appropriate. In conclusion, within the context of science education 
research, the convergence of the research fields now seriously challenges traditional 
distinctions of EBs and NOS. As traditional one-dimensional distinctions of EBs and NOS have 
become less appropriate, they have become increasingly impractical in terms of their limited 
potential for the distinction of research approaches related to the study of epistemic aspects 
of science. Nevertheless, considering the complexity of research in science education that is 
related to epistemic aspects of science, the research field would benefit from an integrative 
approach to describe and distinguish the respective research.  

2.4.3 A two-dimensional framework to integrate research on Epistemic Beliefs and 
Nature of Science 

This subchapter takes on the challenge to propose an integrative framework for restructuring 
research on epistemic aspects in science education8. Based on the lessons learnt from the 
previous subchapters, the proposed framework follows a strictly content-based approach 
independent of the distinction between NOS and EBs. Due to the research focus of this thesis, 
the suggested framework focusses on science education research concerned with students’ 
learning about science. Hereby, in line with Hodson (2014), learning about science summarizes 
the epistemic aspects of science learning, such as “an understanding of the characteristics of 
scientific inquiry, the role and status of the knowledge it generates” (p. 2537) as well as further 
understanding, for example, about the research environment and interactions within and 
beyond the scientific community. In addition to this notion, further research is considered by 
the framework, if it addresses epistemic aspects related to students’ learning environment 
such as, for example, the classroom climate or learning goals. The suggested framework uses 
a twofold distinction represented by two continua which results in a two-dimensional grid. 
The framework not only considers the level of generality of scientific knowledge but also the 
context this knowledge is referring to as either school or professional science. The two 
continua, that are defined in the framework, unfold between the poles of professional and 
school science as well as an individual and a collective view to describe the research. The 
framework can be applied retrospectively to the existing research landscape and offers a 
simple means to systematically review and discuss research based on similarities and 
differences of its content. Thereby, the framework contributes to a more holistic and 
comprehensive understanding of epistemic aspects in science teaching and learning that 
transcends traditional boundaries between research on EBs and NOS within the research field.  

                                                       
8 Substantial parts of the framework’s development took place during a research stay with Prof. William Sandoval 
at University of California, Los Angeles (UCLA) from January to March 2020, which was financially supported 
by the Institute for Science Education at Leibniz University Hannover and the European Science Education 
Research Association (ESERA). 
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Building on the considerations related to the problematic distinction of one’s own and general 
scientific knowledge (cf. Subchapter 2.4.2), two aspects can be identified that are related to 
but insufficiently represented in this distinction. Firstly, the applied research perspective may 
distinguish between a collective view describing an epistemology of science (cf. Chan et al., 
2018; Meyling, 1997; Sandoval, 2016) or take a perspective focused on the individual and 
assessing personal epistemology (cf. Hofer & Pintrich, 1997; Sandoval, 2016; F.-Y. Yang & Tsai, 
2012). Secondly, research on individuals’ views about science may also be distinguished with 
regard to the assessment of individuals’ views about either their own knowledge and activities 
or about scientific knowledge and activities in general (Hogan, 2000; Mason, 2016; Sandoval, 
2005). In order to explicitly address these two important distinctions, while also accounting 
for the breadth of the research field outlined in Chapters 2.2 and 2.3, a two-dimensional 
framework (see Figure 2) is suggested in this subchapter. 

 
Figure 2: The two-dimensional framework for the integration of research on EBs and NOS. 

The suggested framework is defined by two axes creating a two-dimensional grid. Each axis 
represents a continuum that is defined by two poles between which it unfolds. The poles of a 
continuum describe two opposing aspects according to which research might be 
characterized. The first continuum used within the framework unfolds between the poles of 
an individual and a collective perspective. The second continuum used within the framework 
serves to distinguish between the contexts, in which science is conducted and is defined by 
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the poles of school and professional science. By positioning both continua orthogonally across 
each other, a four-folded grid is formed. Within this grid, each of the four fields is 
characterized by the two adjacent poles. By relating research to the two continua, the 
framework allows to assign existing research within science education to one of the four fields. 
Although the definition of the continua would allow to assign research to a particular point of 
the plane, the distinction of different nuances along the continuum is often blurred and 
ambiguous due to the great variety of research objectives. Thus, it is refrained from assigning 
research to a particular point. Instead it seems more fruitful to simply assign research to one 
of the four fields of the framework.  

The following paragraphs describe the conceptualization of the proposed framework. That is, 
each of the two continua is introduced by a general description that is further illustrated by 
descriptions referring to each of the two poles. 

Description of the horizontal continuum 
The horizontal continuum included in the framework in Figure 2 accounts for the way the 
target group is addressed within the research. It unfolds between the poles of a collective 
perspective and an individual perspective. With respect to research practice, researchers 
might either investigate the characteristics of knowledge and knowing in science with respect 
to the views individuals hold (e.g., Greene et al., 2008; J. S. Lederman et al., 2019; Schwartz, 
2012) or with respect to aspects here termed as collective. Such collective aspects might either 
be a collectively shared consensus (e.g., Osborne et al., 2003) or might be the result of a 
collective effort or interaction of a community of people and their environment (e.g., Feucht, 
2010). It should be noted, that the distinction of the two poles is not made with respect to 
methodological decisions such as, for example, case studies versus large-scale assessments, 
but rather with respect to the scale of the research focus and the complexity of the considered 
relations. This is similar to the demand Sandoval (2014) expresses, for micro-, onto- and 
sociogenetic timescales to be considered. However, Sandoval (2014) introduces these three 
scales with regard to developmental processes and the respective time associated with each 
scale. In contrast, with regard to the framework’s horizontal continuum the reference is used 
in terms of the level of interaction and complexity on a social, cultural and environmental level 
that Sandoval (2014) describes for each scale. 

Description of the pole “collective perspective” 
One pole of the horizontal continuum describes the “collective perspective” towards 
knowledge and knowing in science. The collective perspective comprises a broad collection of 
the values, standards, common knowledge and practices underlying, characterizing and 
guiding science conducted in its respective contexts. In particular, ideas related to this pole 
might describe aspects or circumstances that characterize either the whole setting in which 
science is conducted or specific parts of it. 

The (collective) perspective represented by this pole has been referred to by researchers as, 
for example, the epistemology of the discipline (Greene et al., 2016b; Sandoval, 2016), or 
particularly the epistemology of science (Russ, 2014; Sandoval, 2016), nature of science 
(Khine, 2012; N. G. Lederman, 2007; McComas, 2020b). This pole represents what could also 
be referred to as social epistemology (Greene, 2016; Hofer, 2016; Weinstock, 2016). In this 
context, Hofer (2016) argues that epistemology might be viewed as “social in nature” (p. 25) 
and provides an overview of recent research currents focusing on different considerations of 
social interaction involved in shaping epistemology (i.e., interpersonal, collective and 
institutional social epistemology). With respect to learning, this idea may also be linked to 
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communities of practice (Millar et al., 2019; Wenger, 2010) and situated cognition (Brown et 
al., 1989; M. Solomon, 2007) that pose examples of how learning is facilitated within the 
context of social interaction.  

In summary, the pole “collective perspective” of the suggested framework implies some kind 
of implicit or explicit consensus that is formed, acted upon and therefore, replicated by either 
a group or community of people, scholars or others (Burgin, 2020) and creates a context for 
social interaction. Similar contexts for social interaction have, for example, been described in 
the TIDE model by Muis et al. (2006). As a consensus may also include judgments about 
practices or processes that are considered reliable within the community, Greene et al. 
(2016b) refer to these agreements as epistemic norms by which their normative character is 
emphasized. In line with this normative aspect, Russ (2014) also stresses that the 
epistemology of science inevitably guides the evaluation of the practices performed by 
individuals. Therefore, by making the various concepts and aspects included in this collective 
perspective explicit, awareness for the foundations of the respective scientific field is raised 
that can inform the field and set standards by which work in the field can be assessed. 

Description of the pole “individual perspective” 
In contrast to the collective perspective, the other pole of the horizontal continuum is termed 
the “individual perspective”. This pole describes the individual perspective of a particular 
person and comprises the variety of views this person may hold concerning knowledge and 
knowing in science. It should be noted, that this pole does not distinguish between persons’ 
views about knowledge in general or their own knowledge in particular. 

The (individual) perspective represented by this pole has been referred to by researchers as, 
for example, personal epistemology (Hofer, 2002; Hofer & Bendixen, 2012; Hofer & Pintrich, 
1997), students’ views of science (Deng et al., 2011; Songer & Linn, 1991), or (discipline-
specific) EBs (Hofer, 2001, 2006; Muis, 2007).  

This pole summarizes a range of individual views that may be viewed as prerequisites for 
learning as well as learning outcomes (Bromme, Pieschl, & Stahl, 2010; Elby et al., 2016; 
Kampa et al., 2016) and as potentially affecting a person’s information processing, meaning 
making and understanding of science (Duschl, 2008; Kuhn & Weinstock, 2002; Urhahne & 
Kremer, 2023). However, these individual views may not be fully accessible or expressible for 
an individual, so that they may at least partially remain implicit or unconscious (Klopp & Stark, 
2017; Limón, 2006; Urhahne & Hopf, 2004). Similar to the notion of folk epistemology by 
Kitchener (2002), it is most likely that every person – regardless of their explicit experience 
with or exposure to science – holds a personal set of views about science. While students’ EBs 
are developed individually, which is in line with constructivism (Riemeier, 2007; Siebert, 1999, 
2005), they are also shaped by other aspects related to their social and cultural surroundings 
(Clement, 2016; Harding, 1992; Hofer, 2004, 2016; Mason, 2016; Muis, Trevors, Chevrier, et 
al., 2016; Muis, Trevors, Duffy, et al., 2016; Trautwein & Lüdtke, 2008). Therefore, with 
exposure to academic and scientific contexts, each student develops increasingly profound 
domain-general and also discipline-specific Epistemic Beliefs (Clement, 2016; Klopp & Stark, 
2017; Muis et al., 2006).  

Description of the vertical continuum 
The vertical continuum included in the model accounts for the context of science that is 
targeted in the research. In line with E. Edmondson et al. (2020), who suggest that “NOS can 
be learned in various contexts that fall on a continuum of authenticity from traditional school 
science classrooms to professional science laboratory contexts” (p. 671), the presented 
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framework includes a continuum with the poles of professional and school science. The 
reference to professional and school science is in line with the understanding described in 
Subchapter 2.2.3. Although school science is oriented towards professional science (Brown et 
al., 1989; Furtak et al., 2009; Munby et al., 2000), there are differences between professional 
and school science that need to be considered (Christensen & Fensham, 2012; Kirch, 2012; 
Metz, 2004). A distinction of professional and school science should be made according to the 
characteristics of their respective scientific knowledge and knowing (Burgin, 2020; Lundin, 
2007; Munby et al., 2000).  

Science education stresses the relevance of science and scientific literacy for society and 
everyday life (Driver et al., 1996; McComas et al., 1998; also see Chapter 2.1). Yet, it goes 
without question that professional and school science have significantly different implications 
for everyday life and society. Society and everyday life are a relevant field for applications of 
scientific knowledge or skills, which contributes to the complex and heterogenous interactions 
between science and society (Christensen & Fensham, 2012; Sadler, 2004). In order to account 
for this relevance and interaction within the framework, the goals and implications for society 
and everyday life are regarded separately in each description of the proposed poles. This 
procedure is also used to support the description of differences between professional and 
school science as it has been demanded, for example, by Burgin (2020) and Lundin (2007). In 
doing so, the conceptualization of the framework integrates and relates three major contexts 
of conducting or applying science that are highly relevant for science education – namely 
professional and school science as well as society – while offering a simple two-dimensional 
representation of the framework.  

Description of the pole “school science” 
One pole of the vertical continuum summarizes the characteristics of “school science”. The 
term school science is used to refer to common forms of scientific endeavor conducted with 
an educational purpose in an institutional setting and to account for schools as the institution 
most commonly investigated in science education research. Scientific knowledge and knowing 
that is associated with school science is part of people’s general education. 

Society has an interest in institutionally educating and informing all citizens and equipping 
them with decent scientific literacy (Driver et al., 1996; McComas et al., 1998). The main 
arguments for scientific literacy as an educational goal are based on student-centered, societal 
or utilitarian perspectives and have been reviewed, for example, by Hodson (2008). The 
relation of epistemic aspects of science to scientific literacy as an educational goal of (science) 
education have been addressed in Chapter 2.1.  

School science has been described, for example, by Munby et al. (2000) “as a completed 
discipline in which progress was simply a matter of uncovering new facts within a stable and 
known framework” (p. 205). This notion links to the acknowledgement that, in contrast to 
differing ideals for (professional) science, questions at school do have right and wrong answers 
(Bromme, Pieschl, & Stahl, 2010). So, while the scientific knowledge considered at school 
might be new to students, its credibility has already been negotiated and agreed upon within 
the scientific and educational community (cf. the notion of social knowledge by Greene et al., 
2016b). Therefore, knowledge that is taught and learned in school science has a cultural value 
(Gräber & Nentwig, 2002; Hodson, 2008) and is commonly viewed as relatively stable and 
certain (Kirch, 2012; Maggioni & Parkinson, 2008). Science instruction needs to balance the 
particular demands arising from a scientific as well as an educational perspective in order to 
specifically address students’ needs and support their learning and understanding (Duit et al., 
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2012). A respective approach is described, for example, in the Model of Educational 
Reconstruction (“Modell der Didaktischen Rekonstruktion”) that suggests an integration of 
the perspectives focusing on science, students as well as the learning environment (Duit et al., 
2012; Gropengießer & Kattmann, 2020; Kattmann, 2007). Another characteristic of the 
content taught in school science is its exemplarity that is meant to represent fundamental 
scientific knowledge as well as practices and processes typical for science (Killermann et al., 
2020). As an often-criticized side effect, school science might present an idealized image of 
scientific knowledge that is embedded in reduced, contrived and often oversimplified contexts 
(Allchin, 2013; Christensen & Fensham, 2012) and implies a direct and straightforward 
inductive way of knowing through inquiry (Allchin, 2013; Metz, 2004).  

Description of the pole “professional science” 
The other pole of the vertical continuum summarizes the characteristics of “professional 
science”. The term professional science is used to refer to science conducted in a professional 
research setting that may include various forms of scientific practices carried out at the office 
desk, in the field, in laboratories or other settings. Professional science strives to develop 
knowledge that serves society and humanity in general. In general knowledge and knowing 
considered in this pole have an innovative character. 

Financial programs fostering professional scientific research and innovation by, for example, 
research associations, national or federal governments, emphasize the importance of 
research for society as a tool to sustain or develop a high standard of living and economic 
growth as well as to inform politics and tackle societal challenges (Herbold, 2018). As an 
associated approach, Responsible Research and Innovation further stresses the close 
relationship between professional science and society and suggests a transdisciplinary 
approach to align research and innovation efforts with the values, needs and expectations of 
society (Owen et al., 2012; Schomberg, 2013; Sutcliffe, 2011).  

Professional scientific research is driven by its overarching aim to generate new knowledge 
that provides explanations and understanding (Langlet, 2001; Vogt, 2019). The generation of 
new knowledge commonly involves meticulous research that takes consistent effort and a 
considerable amount of time that commonly exceeds the time available at school by large. In 
addition, the acquisition of new scientific knowledge may require (the development of) new 
methods or ways of knowing and specialized equipment. As this is often associated with high 
expenses, professional science is often funded by external organizations that also aim to foster 
excellent research (Erduran & Dagher, 2014; Krämer, 2018). However, scientific freedom is 
highly valued in professional science as it encourages creative and innovative research and 
significantly contributes to the independency of scientific results from industrial interests 
(Bundesministerium für Bildung und Forschung [BMBF], 2020; Henkel, 2002). Research 
findings and knowledge associated with professional science are viewed as complex and 
possessing a high degree of specificity and detail, which has also fueled discussions about the 
division of cognitive or epistemic labor (Bromme et al., 2016; Keren, 2018; Kienhues et al., 
2020). The understanding of findings from professional scientific research requires extensive 
prior knowledge, which results in a dependency of individuals on experts as this knowledge is 
not directly or easily accessible for the public (Bromme et al., 2016; Keren, 2018; Kienhues et 
al., 2020). 

It has been stressed, that professional science is also a social endeavor (Allchin, 2011, 2013; 
Erduran & Dagher, 2014; Russ, 2014). Chinn and Rinehart (2016) stress “that scientific 
advances depend on the argumentative critiques of ideas by the community” (p. 472) and 
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conclude “that new discoveries from empirical research emerge from the interactions of 
multiple workers” (p. 472). Accordingly, peer review and communication of research findings 
in scientific journals and conferences, are an important part of professional science (Erduran 
& Dagher, 2014; G. J. Kelly, 2016). This also serves the purpose of negotiating meaning in 
critical discussion and possibly eliminating errors by consistent peer review (Krämer, 2018). 
Consequently, a transparent presentation of research findings is necessary in order to allow 
other researchers to repeat, reconstruct or criticize the conducted research (Walter, 2018). 
Therefore, in contrast to scientific knowledge considered at school, knowledge newly acquired 
in professional science and novel approaches to knowing are still subject to change as 
processes of verification continue to test the validity and reliability of findings (Chinn & 
Rinehart, 2016; Conley et al., 2004; Hofer, 2000; Krämer, 2018; N. G. Lederman et al., 2002). 
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3. Assessing students’ Epistemic Beliefs related to professional and 
school science 

This chapter focusses on the comparative assessment of students’ Epistemic Beliefs related to 
professional and school science. For this purpose, an instrument with two analogous item sets 
was developed. With respect to the framework proposed in Subchapter 2.4.3, this part of the 
thesis therefore focusses on the right side of the model, namely the first and fourth quadrant 
(cf. Figure 3). The theoretical background, on which the instrument development and 
empirical study presented in this chapter are based, has been summarized in Chapter 2.2 and 
the related subchapters.  

 
Figure 3: Situating the assessment of students’ Epistemic Beliefs related to school science (1st quadrant) and Epistemic Beliefs 

related to professional science (4th quadrant) within the two-dimensional framework for the integration of research 
on EBs and NOS. 

The following article “Assessing students’ Epistemic Beliefs related to professional and school 
science” by Frauke Voitle, Benedikt Heuckmann, Nele Kampa and Kerstin Kremer in the 
International Journal of Science Education ©2022 has been reprinted, with minor adaptions 
specified below, by permission of Informa UK Limited, trading as Taylor & Taylor & Francis 
Group, http://www.tandfonline.com. Adaptions were made with respect to the numbering of 
headings, tables and figures as well as adjusting the spelling of words to align respective 
references and the style of language with this thesis. This is a post-peer-review, pre-copyedit 
version of the published article. The final authenticated version is available online at: 
https://doi.org/10.1080/09500693.2022.2059821. Inevitably, partial redundancy between 
this and previous chapters of this thesis results from the inclusion of selected paragraphs of 
the article in the previous Subchapters 2.2.2, 2.2.3 and 2.2.5. The supplemental materials of 
the original article are included in the appendix of this thesis.  
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The school context, like other influences, affects the development of students’ Epistemic 
Beliefs (EBs), with theoretical conceptualizations suggesting a distinction between EBs related 
to professional and school science. However, empirical studies rarely address this distinction, 
and instruments separately assessing these EBs are not available. We address this research 
gap by providing a new questionnaire that is based on the established instrument by Conley 
et al. (2004) and which uses pairs of analogous items referring to the contexts of professional 
and school science. We succeeded in simultaneously assessing students’ EBs with reliable 
scales that allow for direct comparisons. Cross-sectional data is reported from a cohort study 
(N = 405) in grades 6 (n = 132), 8 (n = 167) and 10 (n = 106) that showed higher agreement 
with the scales related to professional science as well as higher agreement in higher grade 
levels. We further discuss methodological aspects of scale-formation, and highlight promising 
implementations of our questionnaire that future research could benefit from. 

Keywords: assessment; epistemology; secondary/high school 

3.1 Introduction 

Epistemic Beliefs (EBs) have repeatedly been linked to students’ learning and academic 
achievement (Hofer, 2016; Lee et al., 2016; Lin & Tsai, 2017) and continue to be a meaningful 
research interest in international science education (Baytelman et al., 2020; Bernholt et al., 
2021; F.-Y. Yang et al., 2019). The inclusion of EBs in large-scale assessments, such as the 
Programme for International Student Assessment (PISA) (OECD, 2019) has helped to identify 
EBs as an important predictor for science learning (Karakolidis et al., 2019; She et al., 2019). 
Like views about the nature of science (Khishfe & Lederman, 2007), EBs have proven to be 
sensitive to science instruction (Bernholt et al., 2021; Conley et al., 2004; Schiefer et al., 2020) 
and differ between grade levels, with older students holding beliefs that are less absolute 
(Kremer & Mayer, 2013). Furthermore, in addition to their discipline-specific nature (Hofer, 
2000; Muis et al., 2006), EBs are also situated and contextualized (Mason, 2016). 

An important but often underrated aspect of EB research is concerned with dependencies 
between the specific context of school science and students’ EBs about science. Researchers 
have argued that students may develop “parallel ways of knowing” (K. M. Edmondson & 
Novak, 1993, p. 550), with students’ views about professional and school science mostly 
remaining separate from each other. However, while students’ perceptions of professional 
and school science are likely to differ, this explicit distinction remains commonly 
unacknowledged in the analyses of empirical studies (Conley et al., 2004; J. Solomon et al., 
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1996; Villanueva et al., 2019) and questionnaires separately assessing the two contexts are 
not available. 

In our paper, we aim to (a) develop an instrument that allows for simultaneous assessment of 
students’ EBs related to professional and school science and (b) investigate these EBs for 
students at different grade levels. Our newly-developed Likert-scale questionnaire is based on 
the most frequently used instrument for assessing students’ EBs about science by Conley et 
al. (2004), which follows the widely-agreed four-dimensional structure of EBs (Hofer, 2000). 
In our adaption, pairs of analogous items simultaneously assess students’ EBs related to 
professional and school science. We report a comparison of these EBs for students from 
grades 6, 8 and 10. Our study contributes to the literature by systematically describing 
students’ EBs about both professional and school science, rather than focusing on only one 
context, and by providing researchers with a questionnaire that allows for simultaneous 
elicitation and direct comparison of these EBs. 

3.2 Theoretical background 

3.2.1 The role of Epistemic Beliefs in science education 

The Handbook of Epistemic Cognition (Greene et al., 2016a) impressively summarizes the 
great variety and ramification of “epistemic ‘something’ terms” (p. 506, ff.) currently used in 
the literature. Notwithstanding the diversity of conceptualizations and intricacies, we refer to 
EBs as a multidimensional construct representing a set of personal theories and beliefs that 
one holds about the nature of knowledge and the process of knowing (Hofer & Pintrich, 1997). 
In this context, we use the term Epistemic Beliefs (e.g., Karakolidis et al., 2019; Lin & Tsai, 
2017; Muis et al., 2006) instead of epistemological beliefs (e.g., Conley et al., 2004; Hofer & 
Pintrich, 1997; Schommer et al., 1992) in order to emphasize the focus on knowledge rather 
than the theory of knowledge (Kitchener, 2002). 

With regard to science education, EBs have an important role for science learning, both as a 
prerequisite for learning and as a learning goal (Bromme, Pieschl, & Stahl, 2010; Kampa et al., 
2016). For instance, students’ EBs are related to their use of learning strategies (Lee et al., 
2016; Schommer et al., 1992; Urhahne & Hopf, 2004), their construction of arguments and 
performance in scientific reasoning (Baytelman et al., 2020; F.-Y. Yang et al., 2019) and their 
academic achievement (Schommer et al., 1992; Stathopoulou & Vosniadou, 2007). In line with 
the view of EBs as learning goals and related research on nature of science (e.g., N. G. 
Lederman et al., 2002), the view of knowledge, for example, as tentative, constructed and 
subjective is commonly considered sophisticated in EB assessment (Conley et al., 2004; Lin & 
Tsai, 2017; Nehring, 2020). However, this view of sophistication aligned with the 
interpretation of Likert-scales has been criticized as too simplistic (Elby et al., 2016; Hofer, 
2016). Regarding the school science context and its particular demands, consideration of EBs 
in terms of productivity is suggested (Elby et al., 2016). 

3.2.2 Separating professional and school science in assessment of Epistemic Beliefs 

Researchers have repeatedly argued that the school context contributes to the development 
and change of EBs (Hogan, 2000; Muis et al., 2006; Sandoval, 2005). Theoretical support for 
the impact of school science experiences on EBs is provided by Hogan (2000) and Sandoval 
(2005). The authors propose to distinguish “distal and proximal knowledge of the nature of 
science” (Hogan, 2000, p. 52) and students’ “formal epistemologies” as well as “practical 
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epistemologies” (Sandoval, 2005, p. 635). Hogan (2000) bases her distinction on the perceived 
distance of personal experiences. Sandoval (2005) focuses on the context in which science is 
conducted, as well as on students’ active part in doing science. Further support for the impact 
of school science experiences on EBs comes from the Theories of Integrated Domains in 
Epistemology (TIDE) framework (Muis et al., 2006). The framework illustrates the impact of 
different contexts, including the school or academic context, in shaping and changing EBs. To 
empirically test the framework, Muis et al. (2006) analyzed students’ rationales for their 
responses to an EB questionnaire. They found that school experiences shaped and influenced 
students’ explanations when referring to professional disciplines. Another study explored 
students’ beliefs about which sources inspired themselves or scientists to do science 
experiments (Elder, 2002). The author found that students more often reported scientists as 
actively constructing knowledge. Even though these studies show the importance of 
distinguishing and systematically assessing students’ EBs in professional and school science, 
studies explicitly comparing these two contexts are rare. 

In our paper, we build on the conceptualizations by Hogan (2000) and Sandoval (2005) in 
terms of distinguishing between two contexts but restrict the scope of the considered 
constructs to the study of EBs. Therefore, we use the terms “EBs related to professional 
science” and “EBs related to school science” in order to emphasize the respective contexts of 
conducting science. Nevertheless, our notion of EBs related to professional science is very 
similar to Hogan’s (2000) notion of distal knowledge and Sandoval’s (2005)notion of formal 
epistemologies. However, our notion of EBs related to school science entails an important 
difference. This difference becomes evident in the study conducted by Burgin and Sadler 
(2013), who investigated the relation between students’ practical and formal epistemologies. 
During the highly authentic experience of completing an internship in a laboratory, students 
acquired first-hand experience of professional science. The study found that students’ 
practical and formal epistemologies were partially consistent. However, while the experiences 
acquired during the internship are considered as part of students’ practical epistemologies (or 
proximal knowledge), we would not assume them to be part of students’ EBs related to school 
science. In line with Muis et al. (2006) and Sandoval (2016), we limit our definition of school 
science to science conducted in the educational context of institutionalized, formal science 
education in K12. Building on the use of the term by Sandoval (2005), we define professional 
science as science conducted by professional researchers in the context of for example, 
universities or private companies. In this regard, we understand and use the term ‘science’ as 
an umbrella term referring to various forms of science, including, for example, science 
conducted at school (“school science”) or in a professional setting (“professional science”). In 
particular, instead of “science” the term “professional science” is used to stress its difference 
from the school subject and emphasize its performance by scientists. 

3.2.3 The assessment of Epistemic Beliefs about science 

Several instruments assess students’ EBs about science (Elby et al., 2016; Sandoval, 2016), 
with self-reported Likert-scale questionnaires being commonly used for the assessment of 
multidimensional EBs (Mason, 2016). Despite the limitations of Likert-scales, they facilitate 
the use of sophisticated inferential statistics and representative large-scale assessments to 
investigate relationships between EBs and students’ achievement, as well as other constructs 
(Hofer, 2016; Mason, 2016). Among the most cited instruments referring to the context of 
professional science (see Table 3) are the ones by Conley et al. (2004), Stathopoulou and 
Vosniadou (2007), and Tsai and Liu (2005). These instruments differ mainly in terms of the 
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number of items, the examined EB dimensions, and their application to different study 
populations. The 26-item instrument by Conley et al. (2004) is the most established. It has 
frequently been implemented in various age groups (grade 5 and upwards) to assess EBs in 
the dimensions of Source, Certainty, Development, and Justification of knowledge.  
Table 3: Most frequently cited papers that include instruments on students’ EBs about (professional) science. 

Authors (Year) &  

(Web of Science Citations) 

Description 

Conley, Pintrich, Vekiri & 
Harrison (2004) 

(240 citations) 

• 26 items 
• 5-point Likert-scale 
• 4 dimensions: source, certainty, development, and justification 
• initially administered to fifth-grade students 
• used in various age groups 
• various translations and adaptions available. 

Stathopoulou & Vosniadou 
(2007) 

(74 citations) 

• Greek Epistemological Beliefs Evaluation Instrument for Physics (GEBEP) 
• 40 statement items and 9 debate items 
• 4 dimensions: structure, stability, source, and justification 
• validated with tenth-grade students. 

Tsai & Liu (2005) 

(68 citations) 

• 19 items 
• 5-point Likert-scale 
• 5 dimensions: role of social negotiation, invented and creative nature of science, 

theory-laden exploration, cultural impacts, and changing and tentative feature of 
science knowledge 

• validated for high school students (and their teachers) 
• 25 item version available for college students (Liu & Tsai, 2008). 

Note. Citations last updated: 03/23/2022. 

Research on EBs related to school science, however, is scarce, with mainly qualitative data 
available, such as students’ journals and laboratory write-ups (e.g., Schalk, 2012), interviews 
(e.g., Burgin & Sadler, 2013; Wu & Wu, 2011) and videotaped lessons (e.g., Hamza & Wickman, 
2013; Wu & Wu, 2011). To the best of our knowledge, the Practical Epistemology in Science 
Survey (PESS) by Villanueva et al. (2019) is the first and only questionnaire explicitly assessing 
EBs related to school science in larger sample sizes. Similar to instruments available for 
professional science, the PESS is a self-report tool which consists of 26 Likert-scale items in 
the dimensions of immersive and non-immersive inquiry, and which measures students’ views 
about their participation in school science. The items display high specificity and exclusiveness 
for the school-science context.  

3.3 Research questions 

Despite efforts to account for the differences between the school-science and professional-
science contexts in theoretical conceptualizations (Hogan, 2000; Sandoval, 2005), empirical 
studies and instruments systematically assessing this difference are rare. One the one hand, 
qualitative methods such as interviews or videotaped lessons are not designed for comparing 
students’ EBs related to professional and school science across grade levels within larger 
samples (e.g., Burgin & Sadler, 2013; Wu & Wu, 2011). On the other hand, existing instruments 
with closed-ended items that allow for quantitative assessment of larger samples (e.g., Conley 
et al., 2004; Stathopoulou & Vosniadou, 2007; Tsai & Liu, 2005; Villanueva et al., 2019) do not 
address differences between students’ EBs related to professional and school science, and 
presume different dimensionalities of EBs (Conley et al., 2004; Villanueva et al., 2019). 
Therefore, comparisons based on these questionnaires would be seriously impaired. In 
summary, science education research specifically lacks an instrument that allows for a 
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quantitative assessment of EBs in larger samples and a simultaneous separation between 
students’ EBs related to professional and school science. To address this gap, we developed a 
questionnaire that allows the separation and systematic comparison of students’ EBs related 
to professional and school science.  

The following two research questions (RQ) guided our research: 

(1) To what extent does the newly developed questionnaire measuring EBs related to 
school science and the adapted questionnaire measuring EBs to professional science study 
allow for forming reliable scales? 

(2) Do students hold differing EBs with regard to professional and school science at 
different grade levels? 

3.4 Methods 

3.4.1 Study design and procedures 

We conducted our cohort study in German academic-track schools (Gymnasium) between 
2017 and 2019 to investigate students’ EBs related to professional and school science. The 
sample comprised 405 secondary school students (female = 221, male = 178, diverse = 3, 
Mage = 13.4 years, SDage = 1.60). In our sample, 9.9% of the students initially learned a first 
language other than German and 20.7% were raised multi-lingual. The socioeconomic status 
within our sample was rather high, with 66.2% of the students having at least one parent who 
had attained the highest German educational degree A level (Abitur) and 53.6% of the 
students reporting that at least one parent studied at a university. In Germany, science 
education in academic track schools commonly teaches biology, chemistry, and physics 
separately, but not all subjects are being taught simultaneously in each school year. To 
account for different experience levels, we surveyed students from grade levels 6 (n = 132), 
8 (n = 167) and 10 (n = 106). Data collection took place in German during regular science 
classes. We obtained informed consent from all participants and their parents. No incentives 
were given. The Federal Ministry of Education, Science and Culture in Schleswig-Holstein, 
Germany, and the heads of schools approved the study protocol.  

3.4.2 Development of the questionnaire  

We developed a questionnaire with two analogous item sets which assess students’ EBs 
related to professional and school science and allow for direct comparison. Since it is the most 
frequently used instrument for assessing EBs about science and first analytical checks for the 
use of a German version by Urhahne and Hopf (2004) are available, we used the questionnaire 
by Conley et al. (2004) as the basis for this process. The questionnaire assesses students’ EBs 
about science in professional contexts. We extended its scope by adding parallel items that 
target analogous situations in school science. 

Our questionnaire development followed three steps: First, we constructed general 
descriptions of the EB dimensions Source, Certainty, Development, and Justification for the 
context of professional science and school science. We summarized descriptions for the 
context of professional science provided by Conley et al. (2004) as well as related articles and 
formulated detailed descriptions related to professional science (see Supplemental 
Material 1). In order to form school-related descriptions of the EB dimensions (see Table 4), 
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entities or situations exclusive to the context of professional science were systematically 
exchanged with phrases explicitly referring to school science.  
Table 4: Descriptions of the school-related EB dimensions. 

Dimension Description 

Source Comprises a learner’s personal relation to authorities who are relevant and important in science class 
(teachers and textbooks). The source of knowledge in science class is either located as external or 
internal.  

Certainty Refers to personal views as to whether questions in science class have always one correct and absolute 
answer. 

Development Comprises the consideration of one’s own knowledge in science class as either static or dynamic and 
subject to change. Progression and advancement of knowledge can be related to the (additive) 
extension, reorganization or qualitative, content-wise changes of knowledge. 

Justification Comprises answers to the question of how knowledge can be achieved and justified in science class. 
Focuses on the role of experiments for scientific inquiry in science class. 

Second, we constructed 26 items for the school science context that were analogous to the 
existing 26 items for the professional science context by Conley et al. (2004). However, the 
questionnaire by Conley et al. (2004) is not completely consistent in its use of terminology 
referring to the context of professional science. Some items in the dimension Source target 
school science rather than professional science. For these items we developed analogous item 
pairs with item siblings referring to one of the contexts each. We transformed the items by 
systematically exchanging phrases related to professional science with phrases referring to 
school science (see Supplemental Materials 2 and 3 for a table of analogous phrases). For 
example, the Certainty item In scientific research, scientists always agree about what is true 
that refers to professional science was transformed to the analogous school-related item In 
science class, we always agree about what is true. Analogous phrases resulted from a recursive 
process during which we checked the suitability of analogous phrases within a pair of items as 
well as across all items until we reached consistency. 

Third, we pre-piloted the newly developed items for the school-science context in a paper-
and-pencil assignment, as well as in short interviews with a focus group of eighth-graders. In 
the pre-piloting of the school-related items we checked whether referring to integrated school 
science (rather than separate school subjects) irritated students. Students commented on the 
questionnaire and provided feedback on the item formulations. Some students asked for a 
higher number of response categories (“I would like to have more possible options for 
answers”) and responses to several items showed ceiling effects or distinct peaks for example 
on the fourth response option. Therefore, in addition to minor changes of item formulations, 
pre-piloting led to usage of a 7-point Likert-scale in order to increase the sensitivity of the 
scale. Finally, a panel of experts from science education (n = 3) reviewed the revised items. All 
items were discussed and modified until consensus among experts and authors was reached. 

3.4.3 Measures 

The questionnaire administered in the present study consisted of 26 analogous item pairs (five 
item pairs on Source, six on Certainty, six on Development, and nine on Justification) assessed 
with a 7-point Likert-scale ranging from 1 do not agree at all to 7 completely agree. It is 
common to interpret students’ responses in terms of sophistication with higher agreement 
indicating higher sophistication (Conley et al., 2004). In contrast to Development and 
Justification, items on Source and Certainty were stated from a perspective referred to as less 
sophisticated by Conley et al. (2004). We randomized items on the four dimensions within the 
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item sets related to professional and school science, with the school-related item set 
presented first (see full list of items in German and English in the Supplemental Materials 2 
and 3).  

3.4.4 Psychometric properties of the questionnaire  

First, we performed confirmatory factor analyses (CFA) to assess the questionnaire’s 
dimensional structure in terms of model fit and factor loadings as well as the discriminatory 
power of the items. Separately specifying EBs related to professional and school science, we 
ran two CFAs with four factors and 26 items each. Benchmarks indicating a good model fit are 
values of at least .90 (or better .95) for Comparative Fit Index (CFI) and Tucker-Lewis Index 
(TLI) and values of .08 (or better .06) for Root Mean Square Error of Approximation (RMSEA) 
and Standardized Root Mean Square Residual (SRMR) (Schreiber et al., 2006). We further 
analyzed modification indices to identify possible sources of measurement error due to item 
formulation and considered standardized factor loadings greater .40 as acceptable. Items 
combined in a scale were selected to have a discriminatory power, that is, item-total 
correlation, rit ≥ 0.3. We calculated Cronbach’s α to measure scales’ internal consistency and 
aimed for values above α ≥ .70. Since reliability coefficients of most self-report measures 
range between α = .50 and .70 (Muis et al., 2006), we evaluated these coefficients as 
acceptable. In addition, we calculated the composite reliability (CR) and the average variance 
extracted (AVE). In line with Huang et al. (2013), we aimed for values above .70 for CR and 
higher than .40 or .50 for AVE (Fornell & Larcker, 1981). All three coefficients taken together 
give insights into the internal consistency as well as explained variance due to the construct. 
To maintain analogous item pairs, and therefore allow a direct comparison between EBs 
related to professional and school science, we excluded items and their respective siblings 
from the other context in further analyses, if they did not meet the aforementioned criteria 
(see Supplemental Material 4 for omission criteria applying to each item). We reviewed each 
excluded item pair critically for contextual support of its exclusion to ensure that scale 
formation did not impair the scope of the instrument. In total, 13 item pairs remained in the 
final instrument. An overview of the final scales’ psychometric properties is provided in Table 
5 (see Supplemental Material 5 for intercorrelations of final scales).  
Table 5: Overview of the EB scales. 

Scales 
measuring the 
EB dimensions  

Number of 
items 

Cronbach’s α Item-total correlation 
(rit) 

Composite 
reliability 

Average variance 
extracted 

School Prof. School  Prof.  School  Prof.  School  Prof.  School  Prof.  

Source 3 3 .62 .71 .39 – .46 .40 – .64 .36 .48 .36 .48 

Certainty 3 3 .58 .68 .38 – .39 .43 – .56 .31 .42 .31 .42 

Development  3 3 .55 .65 .29 – .44 .38 – .51 .32 .39 .34 .40 

Justification  4 4 .60 .69 .30 – .47 .37 – .52 .35 .44 .30 .37 

Note. School = School science context; Prof. = Professional science context. 

Second, we assessed whether EBs related to professional and school science should be 
considered as two separate constructs. For this purpose, we used CFAs to compare different 
theoretical models and analyzed the extent to which EBs related to professional and school 
science can be distinguished empirically. We used both data sets for the respective CFAs and 
due to the parallel item formulations correlated the errors of analogous items for each item 
pair.  



53 
 

Based on our conceptualization of EBs related to professional as well as school science, we 
assumed that the scales of our instrument would be best represented with a model in which 
the EB dimensions as well as the context were considered in the factor structure. Therefore, 
we theoretically defined a CFA model of eight factors, each representing one of the EB 
dimensions related either to the context of professional or school science (Model A). In 
Model A, item siblings load onto different factors. 

Alternative models were analyzed in order to compare the fit of competing models and rule 
out other theoretical conceptualizations (see Supplemental Material 6 for an overview of the 
competing models). In order to compare the competing models, we considered the Akaike 
Information Criterion (AIC) and Bayesian Information Criterion (BIC), that allow for direct 
comparison of the two models with a lower AIC and BIC representing a better model fit (Kline, 
2016). Model B was a four-factor model with each factor representing one of the four EB 
dimensions and no distinction between the contexts of professional science and school 
science. Therefore, for each item pair, both analogous item siblings load onto the same factor. 
If the distinction of the professional and school science context was negligible, Model B should 
fit better than Model A. Assuming a distinction of the contexts, we also considered three 
second-order models (Models C, D, and E). Item siblings loaded on different factors within 
each of these models. Model C had four second-order factors, which each represent one of 
the four EB dimensions and determines two first-order factors representing context-
dependent manifestations of the respective EB dimension. Model D considered the two 
contexts of professional and school science as higher-order factors with each higher-order 
factor determining four first-order factors representing context-dependent EB dimensions. 
Model E had two second-order factors with four related first-order factors each based on the 
correlation matrix of the final scales (see Supplemental Material 5). One second-order factor 
was defined to determine factors representing the context-dependent EB dimensions Source 
and Certainty, while the other second-order factor determined factors representing the 
context-dependent EB dimensions Development and Justification. Finally, we calculated two 
third-order models in which the latent variables of a second-order model correlated (Models F 
and G). Model F added two third-order factors to Model C with one of these factors 
determining the second-order factors representing the EB dimensions Source and Certainty 
and the other one determining the second-order factors representing the EB dimensions 
Development and Justification. Model G added a third-order factor to Model D that 
determined the two second-order factors of this model. 

3.4.5 Data analysis 

Since they were stated from a perspective referred to as less sophisticated, we reverse-coded 
students’ responses to items in the Source and Certainty scales and calculated descriptive 
statistics. We used one-sided t-tests to analyze differences from the midpoints of the 7-point 
Likert-scales as well as differences between students’ EBs related to professional and school 
science. The former was calculated using aggregated data from all grade levels, the latter 
separately for each grade level. To measure the effect sizes, Cohen’s d was calculated, with 
d = .20 presenting a low, d = .50 a medium, and d = .80 a large effect (Cohen, 1988). A one-
way analysis of variances (ANOVA) with post hoc comparisons using pairwise t-tests with 
pooled standard deviation and Bonferroni adjustment were used to identify age-dependent 
differences between students’ EBs related to professional as well as school science. Eta-
squared was used to report the ANOVA’s effect size, with η² = .01 presenting a low, η² = .06 a 
medium, and η² = .14 a large effect (Cohen, 1988). For statistical computing, we used the 
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software R Studio 1.3.959 (RStudio Team, 2020). For the calculation of the CFA, we utilized 
the “lavaan” 0.6–7 (Rosseel, 2012) package in R with robust maximum-likelihood estimators.  

3.5 Results 

3.5.1 Scale formation and instrument development 

In order to form the scales, we separately ran two CFAs each specifying four factors for the EB 
dimensions and using one of the item sets. Table 6 shows the respective CFA model fit indices 
for the two CFAs prior to and after scale formation. Factor loadings for the final scales are 
shown in Figure 4. Initially, the CFAs with the complete item sets containing 26 items showed 
poor model-fit for EBs related to professional as well as school science. The CFAs with the final 
scales formed from the remaining 13 analogous item pairs showed good model fit values. 
Table 6: Overview of CFA figures before and after scale formation. 

Model  df CFI TLI RMSEA SRMR AIC BIC 

Modelprof.pre 676.576*** 293 0.848 0.832 0.065 0.076 32080.530 32416.441 

Modelschool.pre 684.990*** 293 0.774 0.750 0.063 0.072 34040.789 34377.116 

Modelprof.final 92.267** 59 0.965 0.954 0.043 0.040 16242.544 16422.496 

Modelschool.final 71.670 59 0.978 0.971 0.025 0.039 17244.246 17424.421 

Note. CFI = comparative fit index; TLI = Tucker-Lewis index; RMSEA = root mean square error of approximation; 
SRMR = standardised root mean square residual; AIC = Akaike information criterion; BIC = Bayesian information 
criterion; prof. = EBs related to professional science; school. = EBs related to school science; pre: full item set with 26 
items before scale formation; final: item set after scale formation with 13 items.  
3.5.1**p<0.01; ***p<0.001. 

 

Figure 4: CFA models with factor loadings for EBs related to school science (left) and EBs related to professional science (right). 

Note. Error terms and variances of the latent variables are not shown to avoid overloading the figures. s = school science 
context, p = professional science. 

𝜒𝜒2 
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Table 7: Overview of CFA figures for competing models. 

Model  df CFI TLI RMSEA SRMR AIC BIC 

Model A 355.308*** 258 0.954 0.943 0.033 0.045 33021.222 33497.685 

Model B 555.724*** 280 0.872 0.851 0.054 0.059 33211.996 33600.373 

Model C 441.039*** 272 0.921 0.906 0.043 0.057 33091.805 33512.213 

Model D 641.247*** 277 0.830 0.801 0.062 0.099 33320.900 33721.288 

Model E 467.786*** 277 0.911 0.896 0.045 0.061 33113.838 33514.227 

Model F NA NA NA NA NA NA NA NA 

Model G 638.933*** 276 0.830 0.800 0.062 0.099 33322.900 33727.292 

Note. Model F could not be calculated after 989 iterations. CFI = comparative fit index; TLI = Tucker-Lewis index; 
RMSEA = root mean square error of approximation; SRMR = standardized root mean square residual; AIC = Akaike 
information criterion; BIC = Bayesian information criterion; NA = not applicable.  
***p<0.001.  

We compared the competing models in order to assess the underlying dimensional structure 
of EBs related to professional and school science, respectively (see Section 3.4.4 Psychometric 
properties of the questionnaire and Supplemental Material 6 for an overview of compositional 
differences of the competing models). In support of the distinction between professional and 
school science, the suggested eight factor-model (Model A) obtained the lowest values for AIC 
and BIC compared to the alternative models (cf. Table 7). Thus, Model A obtained the best fit 
with the data. In addition, Model A also showed an acceptable model fit (CFI = .95; TLI = .94; 
RMSEA = .03; SRMR = .05), whereas the other models did not or only barely meet the 
benchmarks for good model fit. Factor loadings for Model A are displayed in Figure 5. 

 
Figure 5: CFA model with factor loadings for Model A. 

Note. Correlations between errors, error terms and variances of the latent variables are not shown to avoid overloading the 
figures. s = school science context, p = professional science. 

𝜒𝜒2 
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3.5.2 Students’ Epistemic Beliefs related to professional and school science 

Table 8 provides an overview of the descriptive statistics for the four EB scales with respect to 
the contexts of professional and school science. Across the four EB dimensions Source, 
Certainty, Development, and Justification mean values were higher than the midpoint of the 
7-point Likert-scales for EBs related to school science, Tsource(402) = 21.75, p < .001; 
Tcertainty(404) = 25.18, p < .001; Tdevelopment(403) = 48.33, p < .001; Tjustification(403) = 65.76, 
p < .001, and EBs related to professional science, Tsource(398) = 24.92, p < .001; 
Tcertainty(401) = 32.75, p < .001; Tdevelopment(399) = 53.02, p < .001; Tjustification(398) = 62.77, 
p < .001. Thus, students’ beliefs are rather similar to views commonly accepted as more 
sophisticated (Conley et al., 2004; N. G. Lederman et al., 2002). Thus, higher scores on the 
scales indicate that students tend to believe more strongly in knowledge originating from 
sources other than authorities (Source), in the existence of multiple solutions for a given issue 
(Certainty), in knowledge to change over time (Development), and in experiments as an 
appropriate way of scientific inquiry (Justification). This can be observed for both contexts. 
Table 8: Findings from the ANOVA for students’ EB related to professional and school science at different grade levels. 

Scales Grade 6 Grade 8 Grade 10 ANOVA 

MSchool 
(SD) 

MProf. 

(SD) 
MSchool 
(SD) 

MProf. 

(SD) 
MSchool 
(SD) 

MProf. 

(SD) 
FSchool FProf. 

Source 4.20 
(1.09) 

4.43 
(1.19) 

4.09 
(1.14) 

4.37 
(1.19) 

4.23 
(1.16) 

4.47 
(1.12) 

4.41* 2.30  

Certainty 4.18 
(1.19) 

4.45 
(1.21) 

4.36 
(1.08) 

4.96 
(1.12) 

4.76 
(1.02) 

5.50 
(0.99) 

8.35*** 26.03*** 

Development 5.25 
(0.98) 

5.18 
(1.02) 

5.20 
(0.94) 

5.50 
(0.90) 

5.35 
(0.89) 

5.82 
(0.76) 

0.81 14.71*** 

Justification 5.90 
(0.73) 

5.56 
(0.95) 

5.57 
(0.80) 

5.62 
(0.81) 

5.41 
(0.81) 

5.70 
(0.72) 

12.22*** 0.80 

Note. M = mean; SD = standard deviation; F = F-Test statistic from analysis of variance (ANOVA); School = School science 
context; Prof. = Professional science context. 
*p<0.05; **p<0.01; ***p<0.001. 

We also found significantly different mean values for students’ EBs related to professional 
science and school science. For Source, students expressed stronger agreement with items in 
the scale referring to professional science compared to school science in all grades, 
Tgrade6(125) = -2.86, p < .05; Tgrade8(164) = -3.64, p < .001; Tgrade10(105) = -1.80, p < .05. The 
corresponding small-to-medium effect sizes ranged between dgrade6 = 0.21, dgrade8 = 0.24, and 
dgrade10 = 0.15. For Certainty, again higher agreement with items related to professional 
science existed, Tgrade6(129) = -3.02, p < .05; Tgrade8(165) = -7.32, p < .001; Tgrade10(105) = -8.85, 
p < .001, and effects were of medium and large sizes, dgrade6 = 0.22; dgrade8 = 0.55; 
dgrade10 = 1.00. For Development, we found no differences between the mean values of 
students’ EBs related to professional and school science at grade 6, Tgrade6(126) = 0.52, p > .05. 
However, at grades 8 and 10 students again expressed higher agreement with items referring 
to professional science, Tgrade8(165) = -3.89, p < .001; Tgrade10(105) = -4.62, p < .001, with 
corresponding effects of medium sizes, dgrade8 = 0.32; dgrade10 = 0.24. For Justification, higher 
agreement with items referring to professional science was found for tenth-graders, 
Tgrade10(105) = -3.42, p < .001, with medium effect size, dgrade10 = 0.37. No significant 
differences between the mean values of EBs related to professional science and school science 
were found for eighth-graders, Tgrade8(164) = -.52, p > .05. In contrast to the previous findings, 
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we found sixth-graders were in higher agreement with items in the school-related scale, 
Tgrade6(125) = 4.51, p < .001, with a corresponding medium-sized effect dgrade6 = 0.40. 

3.5.3 Differences in students’ Epistemic Beliefs related to professional and school 
science at different grade levels 

To analyze differences between grade levels, we performed two separate ANOVAs, with EBs 
related to professional and school science as dependent variables (see Table 8). For EBs 
related to professional science, we revealed significant main effects for grade levels regarding 
the Certainty and Development dimensions, Fcertainty(2, 399) = 26.03, p < .001; 
Fdevelopment(2, 397) = 14.71, p < .001, with corresponding medium-sized effects, 
η²certainty = .116; η²development = .069. Post hoc analyses revealed that students were in 
significantly higher agreement with the EB scales at higher grade levels. Differences for the 
Justification and Source dimensions were not statistically significant, Fjustification(2, 396) = 0.80, 
p = .450; Fsource(2, 396) = 2.30, p = .101.  

For EBs related to school science, we identified a significant main effect for grade levels 
regarding Source, Fsource(2, 400) = 4.41, p = .013, Certainty, Fcertainty(2, 402) = 8.35, p < .001, 
and Justification, Fjustification(2, 401) = 12.22, p < .001. The corresponding medium effect sizes 
ranged between η²source = .022, η²certainty = .040, and η²justification = .057. For Source, post hoc 
analyses revealed that significant differences in students’ agreement occurred solely between 
eighth- and tenth-graders. For Certainty, post hoc analyses revealed significantly different 
mean values between sixth- and tenth-graders as well as eighth- and tenth-graders. For 
Justification, in contrast, post hoc analyses revealed decreasing agreement with higher grade 
levels between grades 6 and 8 as well as grades 6 and 10. For Development, we found no 
significant main effect for grade levels, Fdevelopment(2, 401) = 0.81, p = .447, indicating that 
students’ agreement with the scales did not differ significantly between grade levels (see 
Table 8). 

3.6 Discussion 

In our study, we explored students’ EBs related to professional and school science in grades 6, 
8, and 10. For this purpose, we developed a questionnaire based on the instrument by Conley 
et al. (2004) that allows for simultaneous assessment of students’ EBs related to professional 
and school science. To our best knowledge, and despite recent calls within the debate on 
science EBs, our study is the first quantitative attempt to compare these two contexts, rather 
than explore only one of the contexts. First, we succeeded in forming reliable scales of EBs 
related to professional and school science. Second, data analyses revealed that the EBs can 
empirically be separated as two distinct constructs. We discuss our findings with respect to 
the research questions focusing on the comparison of EBs related to professional and school 
science (RQ 2) and the formation of EB scales (RQ 1).  

3.6.1 Comparison of Epistemic Beliefs related to professional and school science 

As one key finding of our study, we showed that EBs related to school science show similar 
characteristics to EBs related to professional science in terms of level of agreement within, as 
well as between, grade levels.  

For the four EB dimensions, the mean values were above the midpoint of the 7-point Likert-
scales. Because prior empirical studies applying the questionnaire by Conley et al. (2004) 
reported similar findings (Conley et al., 2004; Osborne et al., 2013; Urhahne & Hopf, 2004), 
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we expected these findings for EBs related to professional science. Studies investigating 
students’ EBs related to school science applied different instruments but also reported 
relatively high agreement (e.g., Villanueva et al., 2019). By applying our newly-developed 
instrument, we could show that school-related EBs seem to have similar properties to EBs 
related to professional science but nevertheless are significantly different in direct 
comparisons of the scales.  

Furthermore, for both contexts, we found differences in the expressed agreement with EB 
scales between grade levels for some of the dimensions. For EBs related to professional 
science, the differences were consistent, with significantly higher agreement occurring for 
higher grade levels. This is in line with existing related research on students’ views about 
science and scientific inquiry (Reith & Nehring, 2020; J. Solomon et al., 1996) and studies on 
EBs that mostly reported higher scores at higher grade levels, although these studies varied 
regarding the dimensions and grade levels in which significant differences occurred (Kremer 
& Mayer, 2013; Osborne et al., 2013; Urhahne et al., 2008). For EBs related to school science, 
our findings were less consistent. In particular, for the school-related Justification scale, we 
found significantly lower scores for higher grade levels compared to the score for grade 6. 
Previously, this phenomenon of younger students expressing higher agreement with 
Justification items had also occurred in German samples (Kremer & Mayer, 2013; Urhahne et 
al., 2008). The authors’ explanation referred to the German curriculum, in which considerable 
time and effort are applied, especially in early secondary education, in teaching with 
experimental practices. However, we cannot rule out other influences, as our sample was, for 
example, heterogeneous in terms of different science teachers. At least, the growing content 
knowledge in the area of science for the older students could be a factor that shapes the 
students’ view to become more skeptical about science epistemology. However, research 
indicates that there is not necessarily a linear relationship between the increase of scientific 
knowledge and a more skeptical stance towards science epistemology (Bromme et al., 2008). 

Finally, the empirical results of our study support our central assumption of substantial 
differences between EBs related to school science and EBs related to professional science. Our 
analysis within grade levels allowed us to compare students’ responses to the EB scales related 
to professional and school science. With two exceptions (Development: grade six; 
Justification: grade eight), we found significant differences between the school and 
professional contexts for all scales and grade levels in favor of professional science. The only 
exception from this pattern occurred in grade 6 for Justification, where higher mean values 
occurred for EBs related to school science. These findings can be interpreted with respect to 
the dual nature of EBs as learning goals as well as prerequisites for learning (Bromme, Pieschl, 
& Stahl, 2010; Kampa et al., 2016). If EBs are primarily considered as learning goals, stronger 
agreement with the scales of the questionnaire might be referred to as sophisticated (Kampa 
et al., 2016; N. G. Lederman et al., 2002). This interpretation in terms of sophistication is 
commonly applied for EBs related to professional science (Conley et al., 2004; Kizilgunes et al., 
2009). However, researchers have pointed out that interpretations of EBs in terms of 
sophistication fail to acknowledge the particular demands inherent to educational 
environments (Elby et al., 2016; Hofer, 2016). The separate consideration of EBs related to 
school science suggests a middle ground in this ongoing debate. While EBs, when considered 
as learning goals, might be interpreted in terms of sophistication (Conley et al., 2004), EBs 
primarily considered as prerequisites for learning might be viewed through the lens of 
productivity (Elby et al., 2016).  
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3.6.2 Formation of Epistemic Beliefs scales 

In EB research, one of the main challenges is the formation of EB scales that allow for a reliable 
assessment (Mason, 2016; Muis et al., 2006). Studies showed that high levels of Cronbach’s α 
cannot necessarily be expected and that the reported levels of internal consistency vary 
greatly between samples (Kizilgunes et al., 2009; Kremer & Mayer, 2013; Urhahne & Hopf, 
2004). In a review article, Muis et al. (2006) found that reliability coefficients of self-report 
measures on students’ EBs commonly range between α = .50 and .70. In line with these former 
results, reliability measured in our study ranged between α = .55 and .62 for EBs related to 
school science and α = .65 and .71 for EBs related to professional science. The AVE ranges 
between .30 and .36 for EBs related to school science and between .37 and .48 for EBs related 
to professional science. While according to the boundaries suggested by Huang et al. (2013) 
AVE values may be acceptable for three out of four scales for EBs related to professional 
science, AVE values were not yet satisfactory for the school science item set. For both item 
sets CR was below the aspired values ranging between CR = .31 and .36 for EBs related to 
school science and CR = .39 and .48 for EBs related to professional science. However, as these 
criteria were not reported in the publications providing the original English and German 
version of the EB questionnaire by Conley et al. (2004) and Urhahne and Hopf (2004), we are 
not able to compare our results to former studies. We therefore need to focus on 
Cronbach’s α. The reliabilities found in our study for Cronbach’s α are within the range 
commonly found and reported in other studies on EBs (Muis et al., 2006). At the same time, 
findings from our study on the fit of the model as well as the factor loadings are well within 
the cut-off criteria and thus provide support for the overall structure of the eight factor model 
(Hair et al., 2010). Regarding the scales related to professional science, we found reliabilities 
equal to or above the estimates of the German translation (Urhahne & Hopf, 2004) of the 
questionnaire by Conley et al. (2004). Regarding the scales related to school science, we 
obtained lower reliability in comparison to the two scales of the PESS (Villanueva et al., 2019). 
Although Cronbach’s α were satisfactory for all scales, consideration of AVE and CR values as 
well as the reliabilities obtained for the PESS promote the desire for further improvement of 
the questionnaire as well as future research in this regard. Also considering the amount of 
item pairs that were excluded during scale formation, it might be beneficial to develop 
additional item pairs, in order to further improve the reliability of the instrument and 
especially the scales related to school science.  

During scale formation, we had to exclude 13 of the initial 26 item pairs. The number of 
excluded items resulted primarily from the pairwise omission of items which we performed in 
favor of parallelism of the two item sets. Thus, the scale formation left us with scales that 
allow for direct comparisons between the contexts, while, at the same time, the diminishing 
number of items per dimension might have resulted in lower reliabilities. However, if we had 
refrained from pairwise item exclusion and only omitted individual items, we would have 
produced heterogeneous scales. These scales would then not have been comparable. 
However, our procedure affected the scope of the Justification dimension. In contrast to the 
original conceptualization by Conley et al. (2004), the Justification scales of our study do not 
cover the use of multiple methods in science, and solely focus on the role of experiments. 
However, this emphasis may be acceptable with respect to the important role of experiments 
in school science practice (J. C. Arnold et al., 2014b; Osborne et al., 2013).  

The comparison of competing models revealed that an eight-factor model accounting for 
both, the context and dimension of science EBs, best represented the data. This is in line with 
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our theoretical conceptualization of EBs related to school science separately from EBs related 
to professional science. Our study therefore provides empirical evidence that favors the 
distinction of EBs related to different contexts of science over their joined consideration. 
Furthermore, comparison of competing models suggests a relationship between the EB 
dimensions and the considered context that is not dominated by either of these factors. 
Finally, this finding provides empirical support for the claims of other authors, who argued for 
a distinction between the contexts of professional and school science (e.g., Hogan, 2000; 
Sandoval, 2005).  

3.6.3 Limitations 

Even though our study sheds light on a very important topic within the discussion on science 
EBs, we need to outline some limitations of our study. Firstly, differences in the reported 
degrees of freedom occurred in the reported t-tests and ANOVAs. These differences resulted 
from missing data for individual students. Secondly, our results are based on cross-sectional 
data. Therefore, our cohort study can only give first hints on longitudinal inferences regarding 
the development of EBs during secondary education. We cannot rule out bias across cohorts 
nor effects from students first answering EB scales related to school science and subsequently 
answering scales related to professional science. Therefore, higher agreement with scales for 
professional science might be due to sequential or positional effects. Future studies may 
address this limitation by longitudinally investigating EBs related to school science and EBs 
related to professional science simultaneously, using a balanced questionnaire design. Finally, 
due to the missing baseline data for the German and English versions of the original 
questionnaire regarding the AVE and CR values, reasons for our low values are difficult to 
determine. Prospectively, investigating and reporting external psychometric qualities such as 
the consideration of relations between the assessed EBs and learning related variables might 
be a promising approach to foster understanding about the relationship between EBs related 
to professional and school science.  

3.6.4 Directions for further research and conclusion 

The results and the questionnaire presented in this study lay the groundwork for future 
research on the relationship between students’ science learning and their EBs related to 
professional and school science. To our knowledge, our study differentiates for the first time 
empirically between EB concerning school and professional science. Further research has to 
elaborate specifically the interplay between instructional and learning-related effects on the 
formation of these beliefs. First, correlational studies in large and preferably representative 
samples may be conducted to assess whether students’ EBs related to professional and school 
science possess differing relevance for students’ learning. Second, since we developed parallel 
item sets for EBs related to professional and school science, differential manifestations of the 
respective EBs can be investigated. Researchers should consider if future interventional 
studies designed to foster EBs might benefit from using our questionnaire in addition to 
qualitative, procedural methods. Finally, a supplemental assessment using a mixed methods 
approach seems particularly fruitful in the light of interpreting EBs related to school science 
beyond common views of sophistication and instead through the lens of productivity as 
suggested for example, by Elby et al. (2016). In particular, using the developed instrument in 
a mixed methods approach might allow to link assessments of “practical epistemologies” 
(Sandoval, 2005, p. 635) with correlational analyses linked to prior research on 
“epistemological beliefs in science” (Conley et al., 2004, p. 187). Continued efforts are needed 
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to gain a comprehensive understanding of students’ EBs related to professional and school 
science that will provide teachers with powerful knowledge to bridge students’ “parallel ways 
of knowing” (K. M. Edmondson & Novak, 1993, p. 550) and efficiently foster students’ EBs 
about science.  

In our study, we successfully assessed students’ EBs related to professional and school science. 
Initially, we faced the question of how best to assess these EBs. We had the two options of 
either using existing but structurally and conceptually different instruments, or developing a 
new questionnaire that allows for parallel assessment and ensures comparability. We chose 
the latter and believe that our results affirm our decision. Our results indicate that we 
succeeded in separately measuring EBs related to professional and school science and provide 
empirical support for their distinction, which allows for inferences with respect to both 
contexts. 
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4. Assessing students’ views about Nature of Scientific Inquiry 
This chapter focusses on the assessment of students’ views about NOSI. The theoretical 
background underlying the empirical studies presented in this chapter has been summarized 
in Chapter 2.3 and the related subchapters. With respect to the framework described in 
Subchapter 2.4.3, this part of the thesis focusses on the fourth field (cf. Figure 6). The primary 
research aim is the assessment of students’ individual views about professional science (fourth 
field) as an important outcome but also prerequisite for science education. Therefore, this 
chapter reports and connects the findings obtained from four empirical studies that sampled 
students from primary, mid, and upper secondary school as well as pre-service teachers 
(university students). Studies with primary and secondary school students were conducted as 
part of the international VASI project.  

 
Figure 6: Situating the assessment of students’ views about NOSI within the two-dimensional framework for the integration 

of research on EBs and NOS. 

The international VASI project was initially founded by Professors Norman (†) and Judith 
Lederman, who invited researchers from diverse countries to translate and implement the 
VASI questionnaire9. The VASI project connects research teams from more than 30 nations 
from all over the world who have translated the VASI questionnaire into their mother tongue 
and/or have administered the VASI to students in their countries. As a joined research effort, 
the international VASI project aims to provide researchers with approved translations of the 
established VASI questionnaire as well as with baseline-data on the national characteristics of 
students’ views about NOSI. As procedures for the translation of the questionnaire have 
                                                       
9 For Germany, Dr. Irene Neumann, Prof. Dr. Kerstin Kremer and Frauke Voitle cooperatively conducted the 
respective research. 



63 
 

already been reported (J. S. Lederman et al., 2023; J. S. Lederman et al., 2021; J. S. Lederman 
et al., 2019), methodological issues related to the translation of the VASI questionnaire are 
not considered in closer detail within the context of this thesis. Instead, this thesis will focus 
on German students’ NOSI understanding.  

4.1. Research questions 

The publication of the VASI (J. S. Lederman et al., 2014) and the development of the VASI-E 
questionnaire (J. S. Lederman et al., 2023) have provided the community of science education 
researchers with a means to assess students’ NOSI understanding. However, data on German 
students’ NOSI understanding has yet to be reported. The respective data would provide a 
reliable basis for the assessment of students’ learning outcomes as well as their prerequisites 
for science learning with regard to NOSI. In pursuit of this aim, it is particularly fruitful to 
consider students’ NOSI understanding at different educational levels. For science education, 
educational levels that mark either critical stages or midpoints in students’ educational 
careers are most interesting and informative, in terms of deriving advice for science teaching 
and assessing the achievement of educational standards. In terms of the latter, grade levels 
preceding students’ shift to another school, for example grade level 4, which marks the end 
of primary school in most federal states10, or grade level 12, which marks the end of secondary 
school and decides about students’ access to university11, can be seen as examples for critical 
educational levels. Moreover, grade level 7 represents a midpoint in students’ educational 
careers. Therefore, data were collected and analyzed from students of the respective grades. 
In addition, pre-service Biology teachers were included in another study in order to extend 
the scope of the considered educational trajectory and also to provide additional reference 
data from a highly educated and science interested population.  

The following three research questions (RQ) guided the research reported in this thesis: 

(1) To what extent do participants of different educational levels have a sophisticated NOSI 
understanding?  

(2) How does participants’ understanding of NOSI aspects differ with respect to participants’ 
educational level? 

(3) How does participants’ reasoning on poorly understood NOSI aspects compare for 
different educational levels with respect to the potential for prospective learning? 

4.2. Methods 

This chapter’s structure is analogously to Chapter 3.4 and reports the theoretical and 
methodological underpinnings of the empirical study conducted to assess and interpret 
students’ NOSI understanding. Starting with Subchapter 4.2.1, the different samples 
                                                       
10 In Germany, each of the 16 federal states decides on the educational system and the respective standards. The 
assembly of representatives of the educational ministries of the federal states (“Kultusministerkonferenz”) agrees 
on compulsory educational standards (“Bildungsstandards”). However, these standards are interpreted and refined 
by the federal states respectively resulting in more detailed, compulsory standards (e.g., “Fachanforderungen” in 
Schleswig-Holstein). In order to establish comparable levels of education and standards for access to universities, 
the degree obtained at the end of secondary school (“Abitur”) is (in parts) a central exam in Germany. Depending 
on the federal state, primary school takes four or six years. 
11 Recently, there have been several changes in the educational systems of several federal states in Germany. 
Depending on the federal state and the school, secondary school ends after grade twelve or thirteen.  
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comprised in this part of the thesis and the study designs are described. Subchapter 4.2.3 
reports the translation processes of the VASI and VASI-E questionnaires. Additional measures 
used within the reported studies and their psychometric properties are described in 
Subchapter 4.2.2. The last Subchapter 4.2.3 summarizes the decisions regarding the data 
analysis. 

4.2.1. Study design and procedures 

In order to assess students’ NOSI understanding, a series of studies was conducted in German 
primary and secondary schools between 2015 and 2020 as part of the international VASI 
project (cf. introduction to Chapter 4). Students’ data were collected and analyzed in three 
separate studies and was supplemented with a convenience sample of pre-service teachers. 
This convenience sample comprised a small sample of university students and was added post 
hoc. While data from primary and secondary school students were collected in terms of the 
international VASI project, data from pre-service teachers were independently collected for 
two reasons: Firstly, discussions of the previously collected data from primary and secondary 
school students should be informed. Secondly, the range of cross-sectional insights into 
students’ NOSI understanding at different stages within the German educational system 
should be enlarged further. In summary, four educational stages are reflected within the 
reported data: the last year of primary school (grade level 4), mid secondary school (grade 
level 7), the last year of secondary school (grade level 12), and university level (pre-service 
teachers in their Bachelor or Master studies12). If not stated differently, no incentives were 
given to the participants or their parents and data collection took place in German during 
regular classes using a paper-pencil questionnaire with supervision by a previously instructed 
researcher and a teacher. Deviations from this procedure occurred for the following 
(sub-)samples: With the heads of schools it was agreed upon that a donation would be given 
to students from grade level 12 or the school’s “Förderverein”13, if a critical share of enrolled 
students took part in the study. The amount of the donation was defined previously to the 
study. For one subsample of students from grade level 12 (n = 37) data collection took place 
at school but after regular classes and without additional supervision of a teacher. One 
subsample of primary school students (n = 37) was collected shortly before the first lockdown 
was ordered as a reaction to the COVID-19 pandemic. As no researcher could supervise this 
data collection, the supervising teachers, like supervising researchers, were provided with a 
written instruction to ensure comparable conditions. Data from the sample of pre-service 
teachers were collected during an online seminar using a digital questionnaire. All students 
and pre-service teachers, who participated in the reported studies, participated voluntarily. 
Informed consent was obtained from all participants and, in case students were not of legal 
age, their parents as well. In the following paragraphs, further information is provided for each 
sample. For the purposes of this thesis, the data on students’ general verbal as well as 
cognitive abilities was obtained solely in order to check for sufficient proficiency to understand 
and respond to the VASI items. That is, if students scored considerably low on the VASI, the 
respective data were considered in order to check, if the respective students lacked 
proficiency to complete the assessment. However, these comparisons did not indicate any 
critical cases that would have led to omission of data. 

                                                       
12 This depends on pre-service teachers’ choice of Biology as their first or second subject, respectively.  
13 Registered association that among other things provides financial support for families or students for school 
activities or purchases. 
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Sample 1: Late primary school (grade level 4) 
Data from primary school students in grade level 4 was collected in the school year 2019/20 
in North-Rhine Westphalia and Lower Saxony. The data summarized in this sample was 
collected at the beginning and halfway through grade level 4 from six different classes in three 
elementary schools (Grundschule). Two schools were located in suburban and rather rural 
areas and one school located in a bigger city (>500,000 inhabitants). One school was a catholic 
school, while the other two schools were public schools that also offered support for students’ 
learning of German as a second language. The elementary school sample consists of N = 99 
students (female = 42, male = 57, Mage = 9.4 years, SDage = 0.63).  

Teachers were asked to rate and describe their classes concerning their general cognitive and 
verbal abilities, reading ability, socioeconomic status, and immigrational background (cf. 
Subchapter 4.2.2). Teachers at the two public schools reported a rather low socioeconomic 
status of their students’ families. All classes held students speaking multiple languages and 
having various cultural and immigrational backgrounds related predominantly to countries in 
Eastern Europe and the Middle East (e.g., Iraq, Iran, Russia, Syria, Turkey, as well as 16 other 
countries). However, across classes, the share of students with an immigrational background 
ranged widely from less than 20% to more than 80%. Concerning the general verbal abilities 
and reading comprehension, all teachers reported rather low to average skills for their 
students, although they often described students’ reading comprehension to vary rather 
strongly within their classes. Students’ cognitive abilities were generally regarded as average 
or rather low. Classes with a lower social status were generally reported to have a higher 
variability within students’ cognitive abilities that ranged from students with special needs to 
very high achieving students. 

The study protocol was approved by the responsible federal government agency the 
Niedersächsische Landesschulbehörde in Lower Saxony, Germany, by the ethics committee of 
the Leibniz Institute for Science and Mathematics Education (IPN)14, Kiel, and by the heads of 
schools. 

Sample 2: Mid secondary school (grade level 7) 
Data from secondary school students in grade level 7 was collected in the school year 2015/16 
in Schleswig-Holstein. The data summarized in this sample was collected in three academic 
track schools (Gymnasium) and a mixed track school (Gemeinschaftsschule) that were located 
within a city (>200,000 inhabitants) and its environs. Two of the academic track schools had a 
focus on STEM education and one of these two schools also presented itself as a particular 
center for highly gifted students. The mid secondary school sample consists of N = 95 students 
(female = 51, male = 44, Mage = 12.6 years, SDage = 0.59). 

Students’ general cognitive as well as verbal abilities and socioeconomic status were obtained 
from questionnaire data (cf. Subchapter 4.2.2). As expected, comparison of students’ 
socioeconomic status, general cognitive abilities, and general verbal abilities showed that 
students from the mixed track school generally scored lower than students from the academic 
track schools. However, general verbal abilities also varied between the academic track 
schools. Overall, students’ scores raised no concerns regarding their general ability to 
understand the questionnaire. 

                                                       
14 The ethics committee of the Leibniz Institute for Science and Mathematics Education (IPN) has been 
implemented in 2019. Therefore, approval could not be requested for studies conducted in previous school years. 
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The study protocol was approved by the Federal Ministry of Education, Science and Culture in 
Schleswig-Holstein, Germany, and by the heads of schools. 

Sample 3: Upper secondary school (grade level 12) 
Data from secondary school students in grade level 12 was collected in the school year 
2016/17 in Schleswig-Holstein and North-Rhine Westphalia. The data summarized in this 
sample was collected at the end of the school year shortly before students’ final exams in two 
academic track schools (Gymnasium). The schools were located within a city (>200,000 
inhabitants) and a suburban area and one of the schools focused on STEM education and 
presents itself as a particular center for highly gifted students. The upper secondary school 
sample consists of N = 88 students (female = 39, male = 49, Mage = 17.8 years, SDage = 0.61).  

Students’ general cognitive as well as verbal abilities and socioeconomic status were obtained 
from questionnaire data (cf. Subchapter 4.2.2). In comparison, students’ socioeconomic status 
and general verbal abilities were a little higher for one of the schools. Overall, students’ scores 
raised no concerns regarding their general ability to understand the questionnaire. 

The study protocol was approved by the Federal Ministry of Education, Science and Culture in 
Schleswig-Holstein, Germany, and by the heads of schools. 

Sample 4: University level (pre-service teachers) 
Data from pre-service teachers at university was collected in the winter semester 2020/21 in 
Lower Saxony. The university level sample was a convenience sample from a seminar on NOS 
taught by the author. Due to the exceptional circumstances of the COVID-19 pandemic, the 
entire seminar was taught online. Therefore, the data collection also differed from the paper-
pencil setting used with the other samples, as pre-service teachers answered the VASI 
questions at their given workplaces either digitally, for example, on their laptops and tablets 
or analogously on a print out without direct supervision. Data were collected in the first lesson 
before students received further information about NOS. This sample consists of N = 25 
university students (female = 18, male = 7, Mage = 25.0 years, SDage = 3.01). All university 
students studied Biology to become teachers with all but one student already in their Masters’ 
studies. Four students reported to study two scientific subjects by indicating Chemistry or 
Physics as their other subject. 

4.2.2. Measures 

Apart from general demographic information, all constructs that were assessed in the context 
of this thesis are summarized in Table 9. The table lists the respectively applied measures 
along with exemplary items to provide an overview of the scales used in each sample.  

The Views about Scientific Inquiry questionnaire (VASI) and data on its validation have been 
published by J. S. Lederman et al. (2014). The VASI was developed based on a consensus 
approach to conceptualize NOS(I) with the aim to assess students’ understanding of the eight 
NOSI aspects (cf. Subchapter 2.3.2; J. S. Lederman et al., 2014). The VASI consists of seven 
questions with up to three sub-questions that can each be attributed to at least one of the 
NOSI aspects (cf. J. S. Lederman et al., 2014). The VASI uses an open-ended response format 
and encourages students to explain and elaborate their views about scientific inquiry. 
Questions of the VASI are often incorporated in short, narrative sequences that contextualize 
situations that students are asked to take a stand on (see Figure 7). However, the questions 
range from decontextualized questions (“Please explain if ‘data’ and ‘evidence’ are different 
from one another”) to purposefully contextualized questions (“The data table below shows  
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Table 9: Overview of constructs and respective measures as well as exemplary items used for assessment in four samples of pre-service teachers, primary and secondary school students. 

Construct Measure  Grade 
level 4 

Grade 
level 7 

Grade 
level 12 

Pre-service 
teachers Exemplary item 

Views about 
scientific inquiry 

VASI-E (VASI for elementary school; provided 
by the research group of Norman (†) and 
Judith Lederman) 

x    
See Figure 8 

VASI (J. S. Lederman et al., 2014)  x x x See Figure 7 
General cognitive 
abilities 

“Kognitive Fähigkeiten Test” (KFT), verbal 
and non-verbal scale (Heller & Perleth, 2000)  x x  No permission to reprint items. 

Self-developed teacher questionnaire 

x    

How do you, in average, gauge the general cognitive abilities of your students? / How 
great do you gauge the differences within your class regarding the cognitive abilities 
of your students?1 
(5-point Likert-scale; 1: very low, 5: very high; optional open response)  

General verbal 
abilities 

Self-developed teacher questionnaire 

x    

How do you gauge the general verbal abilities of your students regarding the German 
language? / How great do you gauge the differences within your class regarding the 
verbal abilities of your students regarding the German language? 1 
(5-point Likert-scale; 1: very low, 5: very high; optional open response) 

General reading 
abilities 

Cloze-deletion speed test “Hobby” 
(Baur et al., 2006)  x   Read the text and add the missing letters. 

Claudia has been learning the guitar for o__ year. 1 
Self-developed cloze-deletion speed test 
“Sport”   x  Read the text and add the missing letters. 

_____rt should also _____lp you to _____trate better.1 
Self-developed teacher questionnaire 

x    
How do you gauge the reading ability of your students? / How great do you gauge the 
differences within your class regarding the reading ability? 1 
(5-point Likert-scale; 1: very low, 5: very high; optional open response) 

Socio-economic 
status 

Parents’ occupation and educational level  
(Frey et al., 2009; selected Item-IDs ST05Qc, 
ST05Qd, ST06N01, ST08Qc, ST08Qd, 
ST09N01) 

 x x  

What is your mother’s main job? (e.g., school teacher, kitchen-hand, sales manager)2 
(open response) 

 Resources at home  
(Hertel et al., 2014; selected Item-IDs 
ST20Q01 - ST20Q17, ST20N01) 

 x x  
Which of the following are in your home?  
A desk to study at2 
(multiple choice; yes, no) 

 Number of books at home 
(Hertel et al., 2014; selected Item-IDs 
ST22Q01) 

 x x  
How many books are there in your home? 2 
(multiple-choice; 0-10 books, 11-25 books, 26-100 books, 101-200 books, 201-500 
books, more than 500 books) 

 Self-developed teacher questionnaire 

x  

 
 

 

 

 

The term "socio-economic status" is used to summarize various characteristics of the 
current living conditions. In particular, these include the occupation, income and level 
of education of your students' parents. How do you gauge the socioeconomic status 
of your students’ families? / How great do you gauge the differences within your class 
regarding the socioeconomic status of your students’ families? 1 
(5-point Likert-scale; 1: very low, 5: very high; optional open response) 

Immigrational 
background 

Self-developed teacher questionnaire 

x    

How high is the immigrational background within your class? 1 
(5 equidistant categories; <20% to 80%-100%) 
Which countries/regions do the families of your students come from, approximately? 1 
(open response) 

Note. 1 translations provided by the author; 2 translations obtained from (OECD, 2009)
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the relationship between plant growth in a week and the number of minutes of light received 
each day. Given this data, explain which one of the following conclusions you agree with and 
why. […]”; items retrieved from online supplemental materials of J. S. Lederman et al., 2014). 
It took students approximately 45 minutes to respond to the VASI.  

To account for primary school students level of cognitive development, the Views about 
Scientific Inquiry – Elementary (VASI-E) was developed and provided to the researchers 
collaborating in the international VASI project in an English version (J. S. Lederman et al., 
2023). Compared to the original VASI, the VASI-E utilizes more familiar contexts from young 
students’ everyday life as well as shorter instructions that also use a less complex language 
(see Figure 8). Moreover, the amount of questions was reduced in order to limit the test time 
to approximately 30 minutes and thereby accounting for students’ shorter attention span. The 
VASI-E comprises four questions with up to two sub-questions that target five of the original 
eight NOSI aspects. The aspects same procedures may not get same results, procedures 
influence results, and data does not equal evidence are not explicitly targeted with the VASI-
E. Furthermore, in close consultation with the teachers in the presented primary school 
sample, each question of the VASI was read together in class before each student responded 
individually to the questions. By doing so, students, despite the sample’s great heterogeneity 
regarding students’ general verbal abilities, were provided with equal opportunities. 
Additionally, students were explicitly instructed that instead of writing they were also allowed 
to draw their answers. However, very few students did so. Scoring of students’ responses was 
conducted analogously to the previously described approach for the VASI. 

Figure 7: Item 5 of the VASI that relates to the NOSI aspect “inquiry procedures are guided by the question asked”. 

Figure 8: Item 3 of the VASI-E that relates to the NOSI aspect “inquiry procedures are guided by the question asked”. 

In addition to translated versions of the VASI (cf. Subchapter 4.2.3), further measures were 
used in the student-samples in order to ensure sufficient proficiency to understand and 
respond to the VASI items and to describe the samples with regard to socioeconomic status 
and general verbal as well as cognitive abilities. For the sample of pre-service teachers 
(Sample 4; cf. Subchapter 4.2.1), it was refrained from the administration of respective 

Two teams of scientists were walking to their lab one day and they saw a car 
pulled over with a flat tire. They all wondered, “Are certain brands of tires more 
likely to get a flat?” 

Team A went back to the lab and tested various tires’ performance on 
                      one type of road surface. 

Team B went back to the lab and tested one tire brand on three types  
                      of road surfaces. 
Explain why one team’s procedure is better than the other one. 

Two groups of students wanted to see if different colored crayons melted faster 
than other colors.

Group A put 3 different colored crayons under one type of hot light. 
Group B put red crayons under 3 different types of hot lights. 

Which group has the better plan? Explain why. 
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measures. Since the “Abitur” (German equivalent to A-level or high-school diploma) or an 
equivalent degree is needed to study at German universities, it was assumed that all pre-
service teachers have sufficient proficiency to understand and respond to the VASI items.  

For the late primary school sample (cf. Sample 1 in Subchapter 4.2.1), teachers were asked to 
rate and describe their classes regarding these aspects. Concerning the classes’ general 
cognitive abilities, general verbal abilities, reading ability, and socioeconomic status, teachers 
were asked to provide a general estimate of these aspects for their classes as well as an 
estimate of the range of differences within their classes on a 5-point Likert-scale ranging from 
1 very low to 5 very high. In addition, teachers had the opportunity for further remarks. 
Regarding students’ immigrational background, teachers were asked to report the percentage 
of students with an immigrational background on a scale comprising five equidistant 
categories ranging from 0 - 20 % to 80 % - 100 % and to comment on the countries their 
students’ families immigrated from. 

For the mid secondary school sample (cf. Sample 2 in Subchapter 4.2.1), self-reports were 
used to assess students’ socioeconomic status and established tests were used to objectively 
assess students’ general cognitive and reading abilities. Regarding the socioeconomic status, 
measures from PISA 2006 and PISA 2009 were adapted (Frey et al., 2009; Hertel et al., 2014). 
Students were asked to report their parents’ job and highest educational degree, domestic 
properties (e.g., desk to study, art or music instruments) as well as the number of books that 
were available at home. General cognitive abilities were assessed by two scales from the 
standardized speed test “Kognitive Fähigkeiten Test” (KFT; Heller & Perleth, 2000). The verbal 
scale referred to word classifications, the non-verbal scale to figural analogies. Each scale 
included 35 multiple-choice single-select items. Students general reading abilities were 
assessed by a cloze-deletion speed test (“Hobby”, Baur et al., 2006). Students were asked to 
read a text including 20 words with the last letters deleted and to complete the words. 
Students’ responses were coded either right or wrong. Answers were coded as correct, if they 
were both grammatically and orthographically correct. 

For the upper secondary school sample (cf. Sample 3 in Subchapter 4.2.1), the same KFT scales 
as well as self-reports that were used in Sample 2 were also used in Sample 3 to assess 
students’ general cognitive abilities and socioeconomic status. Due to ceiling effects in 
Sample 2, a self-developed cloze-deletion speed test was used. The test was comparable in 
length and amount of incomplete words but differed by deletion of the first instead of the last 
letters of words in order to increase the tests difficulty (Köberl & Sigott, 1994; Sigott & Köberl, 
1996). Coding of the cloze-test was equivalent to the cloze-deletion speed test used in the mid 
secondary school sample. 

4.2.3. Translation of the instrument 

As part of collaboration within the international VASI project, the VASI and VASI-E 
questionnaire were translated into German. However, the translation was not a central part 
of this thesis. Therefore, this subchapter briefly summarizes the general procedure of the 
translation and back translation process by referring to respective publications from the 
international VASI project and reports further relevant characteristics of the German 
translation process. 

The translation process of the VASI questionnaire is described in J. S. Lederman et al. (2019) 
as follows:  
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“One researcher in each country was responsible for doing the translations. The translated 
version of the VASI was then translated back into English by another member of the local 
team who had proficiency in reading and writing English. The back-translated version was 
evaluated and compared with the original VASI questionnaire by one of the authors of the 
instrument in order to check if the new version maintained the same meanings as the original 
version. In some cases, it was necessary to contact the local teams to clarify some words used 
in the new local version of the VASI to double check if those words maintained the same 
meaning or were able to capture the answers in the same way as the original questionnaire. 
[…] The process used in this research project directly followed the well-established standards 
in the field (Grisay, 2003; Guillemin et al., 1993; Hambleton, 2002; Hambleton & Patsula, 
1998; Maneesriwongul & Dixon, 2004; OECD, 2017).” (J. S. Lederman et al., 2019, p. 494) 

In terms of clarification of particular words used in the German version of the VASI and similar 
to discussions reported by J. S. Lederman et al. (2019) with colleagues from Sweden, an 
appropriate translation of the word “evidence” was discussed. Common German translations 
are the terms “Beleg” and “Beweis”. The final German translation of the VASI uses the term 
“Beleg”, although it was discussed, whether it is a frequently used term. However, it was 
agreed that the term “Beweis” would rather imply a reference to a mathematical proof and 
was not well suited to capture the essence of scientific evidence. Also, requesting alternative 
terms from teachers during a conference for teachers, where the results of the study with 
students from grade level 7 were presented, did not yield any more adept alternative.  

As studies were conducted with students of significantly different age levels, different versions 
of the VASI were used. The German VASI version was originally translated for the use with 
students in grade level 7. In order to appropriately address students at the end of secondary 
school the German VASI translation was adapted to the use of the more formal “Sie” instead 
of “du”. Both terms translate into the English “you” but are used differently in German 
depending on people’s age and the level of formality. The translation of the VASI-E was 
performed simultaneously to the translation of the VASI and used the informal “du” and easy 
language in general to address students from grade level 4. 

4.2.4. Data analysis 

Responses to the VASI are scored deductively based on their alignment with the perspective 
of the NOSI aspects described in the NOSI aspects (cf. Table 2 in Subchapter 2.3.2). In order to 
ensure that scoring of participants’ written responses adequately represented their NOSI 
understanding, interpretations of their written responses were complemented with additional 
interview data for approximately 20% of students from all primary and secondary school 
samples. The three scoring categories “naïve”, “mixed” and “informed” are used to score 
students’ responses. Like the labels suggest, the scoring categories are aligned with the level 
of sophistication that is evident from students’ responses. The category “informed” marks 
responses with the highest level of sophistication, while the least sophisticated responses are 
labeled as “naïve”. Responses that show aspects of adequate as well as inadequate views are 
coded as “mixed”. Descriptions of students’ level of understanding associated with each score 
and exemplary responses of students obtained from the samples presented in this thesis are 
summarized in Table 10. For each NOSI aspect, further characteristic examples that illustrate 
the coding of students’ responses can be found in J. S. Lederman et al. (2014) as well as J. S. 
Lederman et al. (2019). Notwithstanding that students’ responses are primarily scored on 
NOSI aspects aligned with the respective VASI questions, the coding of students’ responses is 
conducted holistically. Therefore, depending on students’ responses and their relation to the 
NOSI aspects, students’ responses can be scored on more than one NOSI aspect. Finally, for 
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each student, overall scores are determined for each NOSI aspect based on the scores 
acquired in the different VASI questions.  

To compare students’ level of sophistication between NOSI aspects, the shares of naïve and 
informed views within the sample are considered in particular. Sophistication is characterized 
by proximity of students’ views with views that represent the consensus within the scientific 
community (cf. Table 2, p. 24). To facilitate perception and interpretation of the results, all 
NOSI aspects are labeled and addressed according to the perspective that is considered as 
scientifically adequate and therefore, sophisticated. Regarding the interpretation of the 
results obtained for students’ understanding of scientific inquiry, sophistication of students’ 
views can be expressed in low shares of naïve views as well as high shares of informed views 
for the respective NOSI aspects. However, there are no cut off values available that would 
serve as indicators for reaching a defined level of sophistication. Therefore, the sophistication 
of NOSI aspects is described in relation to the other NOSI aspects within the sample or in 
comparison to shares reported for other samples rather than providing absolute statements 
on the sophistication of a particular NOSI aspect.  

Further quantitative analyses applied in this thesis 
In order to analyze whether differences in students’ NOSI understanding exist between the 
samples, a one-way analysis of variance should be conducted to compare the four samples 
included in this empirical part of the thesis. The scoring of students’ NOSI understanding as 
“naïve”, “mixed” or “informed” is designed to describe increasing levels of students’ NOSI 
understanding and therefore sophistication. Thus, the dependent variable, namely students’ 
understanding of scientific inquiry, is ordinally scaled. Consequently, Kruskal Wallis tests are 
chosen as a non-parametric method to separately investigate the existence of differences 
between the samples for each NOSI aspect. In line with the hypothesis that students’ NOSI 
understanding would increase with higher educational levels, one-sided post hoc Dunn tests 
were performed to identify samples that differed significantly (α = .05) from each other. To 
account for cumulation of Type I error, Bonferroni adjustment was applied in all Dunn tests. 
Due to the small sample of pre-service teachers and the resulting considerable differences in 
sample sizes, Cohens d was used to report effect sizes of performed Dunn tests, with d = .20 
presenting a low, d = .50 a medium, and d = .80 a large effect (Cohen, 1988). Statistical 
analyses were performed using R Statistical Software (v4.3.1; R Core Team, 2023). Dunn tests 
were performed using the rstatix R package (v0.7.2; Kassambara, 2023). 

Further qualitative analyses applied in this thesis 
Subsequent to quantitative analyses, qualitative analyses were conducted for previously 
selected NOSI aspects. Based on the results from quantitative analyses, the NOSI aspects same 
procedures may not get same results, procedures influence results and begin with a question 
were selected for qualitative analyses of participants’ responses15. Qualitative analyses aimed 
to first describe reasoning that was typically applied by participants in each of the four samples 
and second to identify differences between samples regarding characteristic reasoning. 
Findings of the qualitative analyses should provide further implications and informed advice 
for science teaching. As scoring of participants’ responses was based on alignment with 
predefined descriptions of the NOSI aspects, the range of differences in participants’ 
reasoning is expected to be pretty narrow for informed responses. The greatest variety of 
participants reasoning, and especially such reasoning that might impede an inadequate NOSI  
 

                                                       
15 A rationale for the selection of these NOSI aspects is provided in Subchapter 4.3.3 
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Table 10: Overview of possible scores obtained in the VASI aligned with descriptions of students’ level of understanding and exemplary responses from students to the VASI-E and VASI for each score. 

Score Level of students’ understanding about a 
respective NOSI aspect 

Exemplary responses from students to item 3 of the VASI-E  
(Sample 1) 

Exemplary responses from students to item 5 of the VASI 
(Sample 2) 

naïve ● poorly elaborated, inadequate 
understanding 

● responses without explanation 

● central (NOSI) aspects are displayed 
incorrectly 

„Group A.“ 

„I think that B has the better plan, because three lamps are more than 
one lamp.” 

„Group B has the better idea because the red color conserves heat.” 

„Team B has the better procedure, because then you know on 
which surface the tire break.”  

mixed ● partially elaborated understanding 

● no technical mistakes (regarding 
aspects of NOSI) 

● explanations lack reference to central 
(NOSI) aspects 

● alternative explanations provided 

„Group A, because with group B there are three lamps. Under each 
lamp is a crayon.” 

„Team A is smarter, because the tires break down more quickly 
on a particular surface.” 

informed ● elaborated understanding that is 
technically mostly adequate 

● technically correct explanation with 
reference to central (NOSI) aspects 

„Group A, because they took three different crayons [and] not three 
identical ones as group B.” 

„Group A has the better plan, because the different colored crayons 
have the same conditions.” 

„Group A, because they did not investigate the temperature but the 
color.” 

„Team A is better, because they use different tires, whereas 
team B [only uses] one tire brand. The point is, which [tire brand] 
more often has a flat tire not how they get a flat tire.” 

“The procedure of team A is better, because team A tests 
different tire brands on one surface and team B [tests] just one 
tire brand. Therefore, team A can say, which tires go flat more 
quickly and team B can only say on which surface this tire goes 
flat more quickly. However, the question was, whether there is 
a particular tire [brand], that goes flat more often than others. 
Team B has thus answered another question, namely on which 
surface does this tire go flat more quickly.” 
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understanding, is expected to show in participants’ naïve responses. Therefore, qualitative 
analyses focused on participants naïve responses. Qualitative content analysis with inductive 
development of categories was performed separately for each NOSI aspect. As participants’ 
responses were often short and rarely comprised more than one or two sentences, responses 
were considered and scored as one unit. However, this resulted in the possibility of multiple 
coding of students’ responses, if their reasoning was based on more than one idea. In order 
to illustrate and support the reported results with exemplary quotes from participants’ 
responses, selected responses were translated as close to the original as possible while 
focusing on preserving the original meaning. In order to provide a frame of reference for the 
data analyses reported in Subchapter 4.3.3, the following paragraphs provide further details 
on the initial scoring of participants’ responses related to the three NOSI aspects same 
procedures may not get same results, procedures influence results and begin with a question. 

For the NOSI aspect same procedures may not get same results, scoring of participants’ 
responses was mainly based on the first part of the third VASI question (J. S. Lederman et al., 
2014). The question asked students whether researchers would come to the same 
conclusions, if they asked the same research question and followed the same procedures. 
According to J. S. Lederman et al. (2014), participants with an informed understanding of this 
aspect would refer to the subjectivity of researchers, who may interpret the obtained data 
differently due to, for example, different prior knowledge or varying consideration of 
anomalous data. Therefore, participants’ responses to this question were coded as naïve 
(because they represent a “poorly elaborated, inadequate understanding”, cf. Table 10), if 
they provided other reasons for researchers to get differing results or suggested that 
researchers should obtain the same results. 

For the NOSI aspect procedures influence results, scoring of participants’ responses was mainly 
based on the second part of the third VASI question (J. S. Lederman et al., 2014). The second 
part of the question altered the described situation of the two researchers by assuming that 
they asked the same question but followed different procedures. According to J. S. Lederman 
et al. (2014), participants with an informed understanding of this aspect would refer to ways 
in which the procedures affect the (type of) data collected. Such references could be “the 
operationalization of variables, the methods of data collection, and how variables are 
measured and analyzed” (J. S. Lederman et al., 2014, p. 69). Therefore, participants’ responses 
to this question were again coded as naïve, if they provided other reasons for researchers to 
get differing results or suggested that researchers should obtain the same results. 

The NOSI aspect begin with a question was not directly addressed in the VASI-E. Instead, 
primary school students’ responses to the first question, which was concerned with the 
woman observing birds, and to the last question, which asked students to describe a scientific 
investigation using three different balls, were assessed as to whether students referred to or 
actively posed a question in their responses. Therefore, if students’ responses did not explicitly 
refer to a question posed to start a scientific investigation and in particular did not include a 
question in their description of an investigation conducted with balls, their understanding of 
the aspect begin with a question was coded as naïve. In contrast, for the secondary school and 
pre-service teachers’ samples, who responded to the VASI, the NOSI aspect begin with a 
question was mainly coded based on students’ responses to the second question. This 
question asked participants, whether they agreed with a student who said that scientific 
investigations always begin with a scientific question or if they agreed with a student who 
objected to this statement. Based on the NOSI aspect’s description provided by J. S. Lederman 
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et al. (2014), participants with an informed understanding of this aspect should agree with the 
first student, who agreed that scientific investigations always begin with a scientific question. 
In particular, participants should be able to distinguish between a research question and a 
hypothesis and avoid mixing the two. J. S. Lederman et al. (2014) explicitly state that scientific 
investigations begin with a research question but do not necessarily test a hypothesis. 
Therefore, students’ responses to this question were coded as naïve, if they mixed up between 
research question and hypothesis or ignored posing a scientific question prior to an 
investigation. In summary, while the VASI explicitly asked participants to comment on and 
explain the beginning of scientific investigations, the VASI-E did not contain such an explicit 
prompt. Consequently, the students’ responses to the VASI-E do not contain explicit reasoning 
on the beginning of scientific investigations, which is required for the purpose of the described 
qualitative analysis. Due to the considerable differences in the assessment of the NOSI aspect 
in the VASI and VASI-E and their consequences for the reasoning in participants’ responses, 
the primary school sample was excluded from the qualitative analysis and will not be reported 
in the following chapter. 

4.3. Results 

This chapter summarizes the baseline data from the administration of the German translations 
of the VASI and the VASI-E within four samples from primary school to tertiary school. 
Reporting of the results is structured in three subchapters aligned with the research questions 
posed in Chapter 4.1. The three research questions are:  

(1) To what extent do participants of different educational levels have a sophisticated NOSI 
understanding?  

(2) How does participants’ understanding of NOSI aspects differ with respect to participants’ 
educational level? 

(3) How does participants’ reasoning on poorly understood NOSI aspects compare for 
different educational levels with respect to the potential for prospective learning? 

Referring to the first research question, Subchapter 4.3.1 reports descriptive data of 
participants’ NOSI understanding. Subchapter 4.3.2 refers to the second research question 
and provides an overview of the findings from statistical analyses of differences between 
samples. Finally, Subchapter 4.3.3 addresses the third research question and reports the 
results of qualitative analyses of responses to NOSI aspects that were found to be particularly 
challenging for students.  

4.3.1. Sophistication of students’ and pre-service teachers’ Nature of Scientific Inquiry 
understanding 

In order to assess the extent to which participants from samples with different educational 
levels have an adequate or inadequate understanding of the eight NOSI aspects, the VASI and 
VASI-E questionnaire were administered in samples of students from grade levels 4, 7 and 12 
as well as a sample of pre-service teachers. To describe the extent of the adequacy of 
participants’ understanding of NOSI aspects, participants’ understanding was coded and 
categorized as either naïve, mixed or informed (cf. Table 10, p. 72). Figure 9 displays the 
descriptive results obtained from coding of participants’ written questionnaire responses. The 
data is organized with regard to the NOSI aspects as well as the educational level associated 
with the respective samples. For each NOSI aspect, results are grouped by the four samples 
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and the shares (i.e., relative frequencies) of students’ responses coded as naïve, mixed and 
informed as well as missing values are displayed in stacked bars. Higher sophistication may be 
reflected in higher shares of informed and/or less naïve responses. 

Focusing on the results obtained from the primary school sample, students’ views about 
scientific inquiry are predominantly naïve. However, the NOSI aspect conclusions consistent 
with data collected sticks out from the other four aspects. This aspect shows not only the 
lowest share of naïve answers (17.0%) but also a remarkably high share of 55.0% of informed 
answers. This is a strong contrast to the other NOSI aspects that are all characterized by high 
shares of naïve views exceeding 50% and even ranging up to 80.0% for multiple methods. The 
only other NOSI aspect having informed views of considerably high share of 27.0% is 
procedures guided by question. 

The results obtained for students from secondary school are more heterogeneous compared 
to the primary school and also pre-service teachers’ sample. For the mid secondary school 
sample with students from grade level 7, the aspects procedures guided by question, 
conclusions consistent with data collected and explanations develop from data and prior 
knowledge show considerably high shares of informed views ranging between 40.0% and 
52.6%. For the latter, the remarkably low share of naïve views of less than 10% should be 
noted. In contrast, the aspects begin with a question, procedures guided by question, same 
procedures may not get same results and procedures influence results show rather high shares 
of naïve views, ranging from 38.9% to 62.1%. In addition, compared to the other NOSI aspects, 
these aspects have rather low shares of informed views that range between 9.5% and 26.3%. 
Also notable are the high share of mixed views for multiple methods with 64.2% as well as the 
high share of 9.5% missing values for data does not equal evidence.  

The upper secondary school sample (grade level 12) also shows heterogeneous results for the 
eight NOSI aspects. Again, the NOSI aspects procedures guided by question, conclusions 
consistent with data collected and explanations develop from data and prior knowledge show 
considerably sophisticated views. This sophistication shows in remarkably high shares of 
informed views ranging between 67.0% and 78.4% and the simultaneous absence or low 
shares of naïve views (not exceeding 13.6%). However, for begin with a question and same 
procedures may not get same results the sample, like the sample from grade 7, shows high 
shares of naïve views that account for approximately 50% of students’ responses. For multiple 
methods and in this sample also for data does not equal evidence comparatively high shares 
of mixed views (62.5% and 46.6%) are reported. Finally, for the aspect procedures influence 
results, there is a more or less balanced occurrence of naïve (35.2%), mixed (28.4%) and 
informed (36.4%) views. 

The results obtained for the pre-service teachers’ sample show mainly sophisticated views 
with high shares of informed views for most NOSI aspects. That is, begin with a question, 
procedures guided by question, conclusions consistent with data collected, data does not equal 
evidence and explanations develop from data and prior knowledge all show shares of at least 
60% of informed views. In contrast, the aspect procedures influence results has a considerably 
low share of informed views (12.0%) accompanied by the highest share of mixed views 
(52.0%). However, like it was also the case for the secondary school samples, the highest share 
of naïve views (32.0%) was found for the aspect same procedures may not get same results. 
In this sample, missing values occur for procedures influence results (8.0%) and conclusions 
consistent with data (12.0%). 
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Figure 9. Overview of students’ and pre-service teachers’ NOSI understanding and significant differences between samples.  

Note. 4th = Primary school sample (4th grade), 7th = Mid secondary school sample (7th grade), 12th = Upper secondary school 
sample (12th grade), Uni = Pre-service teachers’ sample (university students). *=p<0,05, **=p<0,01, ***=p<0,001. 
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In summary, within each sample the NOSI aspects conclusions consistent with data collected, 
procedures guided by question and for the secondary school and pre-service teachers’ sample 
also the aspect explanations develop from data and prior knowledge were associated with the 
highest shares of informed views. Particularly noticeable is the first-mentioned aspect 
conclusions consistent with data collected as it has eminently high shares of more than 50% of 
informed views in each of the four samples. In contrast, the NOSI aspects begin with a question 
and same procedures may not get same results were commonly associated with high shares 
of naïve responses and thus, seem to pose areas of insufficient NOSI understanding. For 
participants in the reported samples, these aspects seem to be and also partially remain to be 
particularly challenging. However, qualitative analyses of participants’ responses are needed, 
in order to describe possible sources of difficulty for students and pre-service teachers (cf. 
Subchapter 4.3.3).  

In general, comparison of results obtained for the four samples suggests that samples with a 
higher educational level indeed tended to obtain higher VASI scores and therefore, a more 
sophisticated NOSI understanding. However, considerable differences occurred in the 
reported descriptive data for the assessed NOSI aspects. For example, few differences 
between samples seem to occur for the aspects begin with a question and procedures 
influence results. Therefore, the following Subchapter 4.3.2 reports further analyses to 
elucidate the significance of differences between samples and NOSI aspects in more detail.  

4.3.2. Quantitative differences in the Nature of Scientific Inquiry understanding of 
students and pre-service teachers with different educational levels 

Considering the progression regarding the educational level represented in the four samples 
included in this part of the thesis, the association of higher educational level with higher scores 
and therefore, a more sophisticated NOSI understanding was investigated using Kruskal Wallis 
and post hoc Dunn tests. With regard to the second research question (cf. Subchapter 4.1), 
Figure 9 summarizes respective differences, where samples of higher educational level also 
had significantly higher NOSI understanding and Table 11 and Table 12 provide more detailed 
results of the performed tests.  
Table 11: Findings from Kruskal Wallis tests for differences between participants’ understanding of each NOSI aspect in the 
four samples from grade level 4, 7, 12 and pre-service teachers. 

NOSI aspect H df p 

Begin with a question 26.265 3 <.0001 

Multiple methods 122.800 3 <.0001 

Procedures guided by question 55.909 3 <.0001 

Same procedures may not get same results 9.493 2 .009 

Procedures influence results 1.803 2 .405 

Conclusions consistent with data collected 21.219 3 <.0001 

Data does not equal evidence 42.827 2 <.0001 

Explanations develop from data and prior knowledge 153.71 3 <.0001 

Note: H = H-Test statistic from Kruskal Wallis test; p = Bonferroni adjusted p-values. NOSI aspects same procedures may not 
get same results, procedures influence results and data does not equal evidence were not assessed in grade level 4, resulting 
in comparison of only three instead of four groups. 
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For each NOSI aspect, results of the Kruskal Wallis test (see Table 11) indicate whether 
differences between samples existed. For all but one NOSI aspect, significant differences were 
found between the samples of differing educational levels. No significant differences were 
found for the NOSI aspect procedures influence results. However, the differences found for 
the other NOSI aspects were highly significant with p-values all below .01 (NOSI aspect same 
procedures may not get same results) or .001.  

In order to further investigate which samples differed significantly, one-sided post hoc Dunn 
tests were performed separately for each NOSI aspect, that was previously found to have 
significant differences between samples (see Table 12). For all but one NOSI aspect, namely 
conclusions consistent with data collected, at least two-thirds of the pairwise comparisons 
indicated significant differences between samples. It is noteworthy, that for the NOSI aspect 
data does not equal evidence, all pairwise comparisons showed significant differences 
between samples. Furthermore, more than 75% of all significant differences can be described 
as medium or strong effects, with strong effects already making up for approximately half of 
the significant differences. In particular, all pairwise comparisons of primary and secondary 
school samples for the NOSI aspect explanations develop from data and prior knowledge 
found differences to be highly significant and of large effect. Overall, pairwise comparisons 
yielded less significant differences with increasing educational level of the sample. That is, 
most significant differences were found for comparisons of the primary school sample with 
other samples (86,7%). In contrast, the sample of pre-service teachers was found to have the 
fewest significant differences showing in 52,6% of the conducted pairwise comparisons. 

It was hypothesized that higher educational levels would be associated with higher VASI test-
scores and therefore a more sophisticated NOSI understanding. Referring to the post hoc test 
results displayed in Table 12 and Figure 9, two things can be concluded: First, the respective 
differences between samples are not uniformly distributed across the NOSI aspects. Second, 
the significance and effect size of the observed differences varies considerably between the 
NOSI aspects. Therefore, significant differences of medium and large effects will now be 
considered with regard to the educational levels and NOSI aspects they are associated with. 
Regarding the comparison of samples from grade 4 and 7 and therefore, the educational level 
of late primary and mid secondary school, large effects occurred for NOSI aspects multiple 
methods (z = 7.70, p < .001, d = 1.49) and explanations develop from data and prior knowledge 
(z = 7.57, p < .001, d = 1.50). Comparing the educational levels of mid secondary and end of 
upper secondary school, large effects were found for the differences between the samples 
from grade levels 7 and 12 for NOSI aspects data does not equal evidence (z = 4.79, p < .001, 
d = 0.81) and explanations develop from data and prior knowledge (z = 4.25, p < .001, 
d = 0.86). In addition, differences of a medium effect between these samples were found for 
NOSI aspects procedures guided by question (z = 3.69, p < .001, d = 0.60) and conclusions 
consistent with data collected (z = 4.36, p < .001, d = 0.69). Finally, for the comparison of the 
pre-service teachers sample with students from grade 12, medium effects were found for the 
differences occurring for NOSI aspects begin with a question (z = 3.31, p = .003, d = 0.70) and 
data does not equal evidence (z = 2.68, p = .011, d = 0.70). 

For the NOSI aspect begin with a question, this finding is particularly interesting, as medium 
and large effects were found exclusively for differences between the pre-service teachers’ 
sample and students’ samples, namely for students from grade level 4 (z = 4.98, p < .001, 
d = 1.40), grade level 7 (z = 3.29, p = .003, d = .75) and grade level 12 (z = 3.31, p = .003, 
d = .70). Considering the high shares of naïve views (41.1% - 53%) reported in the previous  
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Table 12: Findings from post hoc Dunn tests for pairwise analyses of differences between samples regarding participants’ understanding of each NOSI aspect. 

 

Table 12 continued 

Compared samples 
Procedures influence results 

 Conclusions consistent with data 
collected 

 
Data does not equal evidence 

 Explanations develop from data and 
prior knowledge 

z p Cohen’s d  z p Cohen’s d  z p Cohen’s d  z p Cohen’s d 

Grade 4 Grade 7  –   –   –   -0.93 1.000  –    –   –   –   7.57 <0.001 1.50 

Grade 4 Grade 12  –   –   –   3.46 0.002 0.57   –   –   –   11.80 <0.001 2.88 

Grade 4 Pre-teachers  –   –   –   0.99 0.969  –    –   –   –   7.13 <0.001 2.50 

Grade 7 Grade 12 –  –   –   4.36 <0.001 0.69  4.79 <0.001 0.81  4.25 <0.001 0.86 

Grade 7 Pre-teachers –  –   –   1.56 0.360  –   5.88 <0.001 1.60  2.20 0.082  –  

Grade 12 Pre-teachers –  –   –   -1.16 0.737  –   2.68 0.011 0.70  -0.60 1.000  –  

Note. z = z statistic from Dunn test; p = Bonferroni adjusted one-sided p-values. No Dunn tests were performed for the NOSI aspect procedures influence results, since Kruskal 
Wallis tests did not yield a significant result. 

Compared samples 
Begin with a question  Multiple methods  Procedures guided by question  

Same procedures may not get same 
results 

z p Cohen’s d  z p Cohen’s d  z p Cohen’s d  z p Cohen’s d 

Grade 4 Grade 7 2.56 0.032 0.42  7.70 <0.001 1.49  3.29 0.003 0.49   –   –   –  

Grade 4 Grade 12 2.47 0.041 0.38  10.50 <0.001 2.24  6.59 <0.001 1.16   –   –   –  

Grade 4 Pre-teachers 4.98 <0.001 1.40  5.75 <0.001 1.74  4.72 <0.001 1.16   –   –   –  

Grade 7 Grade 12 -0.06 1.000  –   2.90 0.011 0.54  3.69 <0.001 0.60  2.49 0.019 0.37 

Grade 7 Pre-teachers 3.29 0.003 0.75  0.77 1.00  –   2.59 0.029 0.62  2.51 0.018 0.63 

Grade 12 Pre-teachers 3.31 0.003 0.70  -1.13 0.78  –   0.15 1.000  –   0.86 0.583  –  
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Subchapter4.3.1 4.3.1 for primary and secondary school students, it does not come as a 
surprise that higher sophistication in students’ NOSI understanding after primary school was 
of low effect size in grade level 7 (d = .42) and grade level 12(d = .38). Also, the comparison of 
samples from grade levels 7 and 12 suggests no change (z = -0.06, p = 1.000). 

4.3.3. Qualitative differences in students’ and pre-service teachers’ Nature of Scientific 
Inquiry understanding 

With regard to the third research question, the NOSI aspects same procedures may not get 
same results, begin with a question and procedures influence results were chosen for 
qualitative analyses of participants’ responses. These aspects were selected, as the first two 
aspects were identified to be particularly challenging for participants (cf. Subchapter 4.3.1). 
For all three samples, in which the aspect same procedures may not get same results was 
assessed, it had the highest share of naïve responses. In addition, for the aspect begin with a 
question not only high shares of naïve responses were obtained in the samples from primary 
to the end of secondary school (41.1% - 52.5%), but the results were also found to not differ 
significantly between these samples (cf. Subchapter 4.3.2). Similarly, no differences at all were 
found between samples of students and pre-service teachers for the aspect procedures 
influence results (cf. Subchapter 4.3.2). Therefore, these aspects were selected for separately 
performed inductive content analysis, in order to analyze possible characteristics and 
differences in participants’ reasoning associated with particular levels of education.  

Considering results obtained for the NOSI aspect same procedures may not get same results 
In order to assess participants’ understanding of the NOSI aspect same procedures may not 
get same results, participants were asked to explain whether researchers having the same 
research question and performing the same procedures would also get the same results. 
Categories were inductively derived from participants’ naïve responses (n = 110) and are 
illustrated with exemplary quotes in Table 13. As participants’ responses were often short but 
nevertheless, included more than one idea, it is possible that one response is assigned to more 
than one category (cf. Subchapter 4.2.4). Figure 10 summarizes findings from the analysis. 

 
Figure 10: Participants reasoning in naïve responses to NOSI aspect same procedures may not get same results (n = 110). 

Note. Multiple assignment of participants’ responses to the categories may occur, as responses were coded as one unit.  
(-) marks categories with technically or functionally inadequate reasoning. 

In their naïve responses, participants’ explanations most frequently implied or referred to 
differences in the collected data as sources for differing results. Often (i.e., in approximately 
10% of the overall naïve responses) participants also referred to the existence of one correct 
answer or emphasized that the same procedures had to get the same results. If participants 
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specified the reason for differences within researchers’ data, they attributed differences to 
one of the following three reasons. The first reason used primarily by students from grade 
level 7 referred to the individuality of the object of study. In this case, students commonly 
referred to investigations conducted with living organisms (cf. category differences due to 
object of study, Table 13). The second reason was frequently cited by students from both 
secondary school samples (grade level 7 and 12) and attributed differing data to inaccurate 
measurement or researchers’ reasoning and data analysis, as well as to imprecise execution 
of research methods and laboratory procedures. This category was titled differences due to 
inaccurate measurement. Finally, the third reason for differences in the data were exclusively 
provided by students from grade level 12 and referred to an uncontrolled environment or 
hidden influences that were inherent to the circumstances of the investigation (cf. category 
differences due to uncontrolled environment, Table 13). Comparing the reasoning applied to 
explain differences in collected data, students from grade level 7 rather referred to proximal 
sources of variance (such as the object of study, technical equipment or the researcher) 
whereas students from grade level 12 also and more frequently included more latent, distal 
sources of variance (such as environmental conditions). 
Table 13: Inductively derived categories characterizing participants’ ideas applied in naïve reasoning regarding the NOSI 
aspect “same procedures may not get same results”. 

Category Exemplary responses from participants 

Yes, due to same procedure 
(-) 

„Yes, they will [get the same results], because if they pose the same question each 
time and proceed identically each time, the same will come out each time.” 

Only one correct answer 
(-) 

“Yes, because there is just one answer.”  

“I think rather not, because it could be that person 1 has done it in more detail than 
person 2. But they will come to the same conclusion only one person has it in 
greater detail.” 

“If there is just one correct result, probably yes. Except someone made a mistake.“ 

Differences are exceptions 
(-) 

„This probably depends on various factors, for example, where and when the 
examinations are carried out or what technical equipment is available. In general, 
however, the results are likely to be similar.“  

Differences due to inaccurate 
measurement 

“Not always. Deviations can always occur, because for example mistakes can be 
made or devices are not sufficiently clean.“ 

„No, because there can be several sources of error: human errors, inaccuracy of 
measurement, mechanical errors.” 

„This probably depends on various factors, for example, where and when the 
examinations are carried out or what technical equipment is available. In general, 
however, the results are likely to be similar.“ 

Differences due to uncontrolled 
environment 

“No, this does not have to be the case because different factors/environmental 
conditions like location and time influence the observations.” 

„This probably depends on various factors, for example, where and when the 
examinations are carried out or what technical equipment is available. In general, 
however, the results are likely to be similar.“ 

Differences due to object of study “No, not necessarily. For example, when they [two researchers] study a bird (same 
species), the birds can behave differently.” 

Different data in general “No, not necessarily, as the data or results may differ even if they use the same 
method.” 

Note. Multiple assignment of participants’ responses to the categories are possible, as responses were coded as one unit.  
(-) marks categories with technically or functionally inadequate reasoning. 

Responses from students in grade 7 also often implied that there was one correct answer so 
that either researchers would inevitably reach the same conclusions or one of the researchers 
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must have gotten something wrong or made an error (cf. category only one correct answer, 
Table 13). In line with this finding, there was also a considerably high share of students in 
grade 7 (18.6%), who emphasized that researchers would get the same results simply because 
they conducted the exact same investigation (cf. category yes, due to same procedure, Table 
13). Both of these argumentations have to be reviewed critically, as it is technically and 
functionally inadequate to assume that scientific investigations had only one correct and 
possibly predefined outcome. In contrast, reasoning in naïve responses from pre-service 
teachers, was often based on the reproducibility or objectivity of scientific investigations or 
references to quality criteria of scientific research but seemed to lack a reflected 
contextualization. For example, one student wrote “They should [get the same results], 
because the procedure should be reproduceable and not dependent on the person conducting 
it. Of course, it depends how often it [the investigation] is conducted and if, therefore, it is an 
empirically significant investigation”. Due to the small subsample these responses, were 
summarized in the category other. Summarizing the findings of the qualitative analysis 
conducted for the NOSI aspect same procedures may not get same results, technically or 
functionally inadequate reasoning more often occurred for the sample from grade 7. 
Furthermore, participants’ reasoning was found to also include unobservable environmental 
aspects and a higher level of abstraction in samples with a higher educational level. 

Considering results obtained for the NOSI aspect procedures influence results 
Further elaborating on the previous example of the two researchers, the VASI uses the altered 
situation of two researchers asking the same question but using different procedures in order 
to assess the NOSI aspect procedures influence results. In their naïve responses (n = 72), 
participants often referred to their previous answer where the two researchers also used the 
same procedures. Therefore, responses were often particularly short or poorly elaborated. 
However, the derived categories are summarized in Table 14 and findings of the qualitative 
analysis are displayed in Figure 11.  

 
Figure 11: Participants reasoning in naïve responses to NOSI aspect procedures influence results (n = 72). 

Note. Multiple assignment of participants’ responses to the categories may occur, as responses were coded as one unit.  
(-) marks categories with technically or functionally inadequate reasoning. 
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Table 14: Inductively derived categories characterizing participants’ ideas applied in naïve reasoning regarding the NOSI 
aspect “procedures influence results”. 

Category Exemplary responses from participants 

Adequacy of procedures 
(-) 

“No, not necessarily because one approach may not work.” 

Only one correct answer 
(-) 

“Yes, they will [come to the same conclusion], because at the end, if you did it 
correctly, the same will always come out” 

“Yes, one can use different ways to get to the result, but everybody has to have the 
same result in the end” 

“No, [researchers don’t come to the same conclusion], because human errors can 
lead to differences. Yes [researchers would come to the same conclusion], because 
laws of nature do not change except for other planets, change of parameters, etc.” 

Several ways possible “Yes, one can use different ways to get to the result, but everybody has to have the 
same result in the end” 

Differences due to environment “No, because they get different results because nature is not always the same.” 

Differences due to the researchers’ 
individuality 

“Inevitably, scientists do not come to the same conclusions. Here too, the same 
results may be received, but interpreted differently.“ 

“I think the same as with a), because everyone still has their own opinion.” 

Note. Multiple assignment of participants’ responses to the categories are possible, as responses were coded as one unit.  
(-) marks categories with technically or functionally inadequate reasoning. 

The critical prevalence (occurring in 50% of the overall naïve responses) of the assumption 
that a single correct answer existed became very obvious in the analysis. The inadequate 
assumption of only one correct answer occurred frequently and regardless of the educational 
level in all samples. However, for older participants the references to “the correct answer” 
were more implicit and coding of responses within this category was often also based on the 
statement that various forms of error would lead to different more or less correct or precise 
results (cf. third quote in the category only one correct answer in Table 14). This critical issue 
was further expanded by the also technically and functionally inadequate shortcoming that 
only one procedure was adequate to address the research question (category adequacy of 
procedures; in 11.1% of the overall naïve responses). Some students, especially from grade 
level 7, argued that there were several possible ways to conduct an investigation (category 
several ways possible). While this particular response was also coded in the category “only 
one correct answer”, the category “several ways possible” was not per se considered 
technically or functionally inadequate, as students’ reasoning might provide fruitful links with 
regard to the NOSI aspect multiple methods. Further promising links to the NOSI aspect 
multiple methods are also subsumed in the category “Others”. Some students for example 
suggested a combination of procedures used by the two researchers in the task: “I think it is 
good [that researchers used different procedures], because then both have different things 
and can put them together”. 

Compared to the NOSI aspect same procedures may not get same results differences between 
samples are much less pronounced and associations between a particular sample and type of 
reasoning remain indefinite. However, awareness is raised for students reasoning related to 
the existence of a single correct answer.  
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Considering results obtained for the NOSI aspect begin with a question 
Participants were asked to state and explain whether they agreed with the statement that 
scientific investigations always (or not necessarily) start with a scientific question. Table 15 
provides an overview of the inductively derived categories. The analysis of responses that 
were coded as naïve with regard to the respective NOSI aspect begin with a question (n = 85) 
is summarized in Figure 12. The results show that participants, who rejected the necessity of 
a scientific question, frequently (34.1% of overall naïve responses) stated that the question 
might alternatively originate or be stated in another domain (cf. category question from 
another domain, Table 15). In addition, the synonymous, undifferentiated or incorrect use of 
the terms research question and hypothesis was the most frequent reason for naïve scores in 
grade level 12 (32.6%). This pitfall exclusively occurred in responses from students in grade 
level 12 and pre-service teachers and therefore, in samples of a higher educational level. 
Participants confused the terms scientific question and hypothesis or used these terms 
synonymously (cf. category confusion of hypothesis and question, Table 15). Both, however, 
are technically and functionally inadequate. Participants also often (in 10.6% of overall naïve 
responses) rejected the necessity of a scientific question by naming a hypothesis as an 
alternative (category begin with hypothesis). Although this reasoning also sometimes occurred 
in combination with confusion of the terminology, it was not regarded as technically or 
functionally wrong, as it might still provide fruitful ideas in terms of guiding the investigation 
(cf. NOSI aspect procedures guided by question). Other origins for scientific investigations 
stated by participants were observations (category begin with observation) or incidental 
findings (category begin with coincidence). However, these responses often raised questions 
about students’ understanding of scientific investigations. 

 
Figure 12: Participants reasoning in naïve responses to NOSI aspect begin with a question (n = 85). 

Note. Multiple assignment of participants’ responses to the categories may occur, as responses were coded as one unit.  
(-) marks categories with technically or functionally inadequate reasoning. 

Further naïve reasoning applied by participants, suggested that the position of the research 
question was flexible (category question can have any position). Another technically and 
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summarized in the category question is not necessary. For this category, it was common that 
students from grade 7 objected the notion that scientific investigations always start with a 
scientific question but did not provide an explanation or remained vague, like “I think that it 
is not always like this [scientific investigations beginning with a scientific question] but 
sometimes. Therefore, I agree with ‘no’”. Summarized as “Other” are several responses 
exclusively occurring in grade 7, in which students naïve reasoning refers to multiple things. 
For instance, two students stated that an exclamation (“Ausruf”) instead of a scientific 
question might also initiate a scientific investigation (“I agree with ‘no’, because the 
investigation can also begin with an exclamation”). Further questioning would be needed, in 
order to determine, whether students’ conceptions of exclamations links to the concept of a 
hypothesis. Additional, examples for students’ responses summarized in this category were 
references to the school context (“I agree, because teachers probably will ask a question to 
know, whether you remember/recall something from the last science lesson”), and 
functionally inadequate conceptualizations of the term scientific. That is, students often 
derived the meaning of the term scientific from the word nature16: “’No’, because this student 
knows that, for example, water has also something to do with Chemistry and not always with 
living organisms in it [the water]”. Reasoning applied in pre-service teachers’ naïve responses 
varied. In summary and except for confusion of the terms scientific question and hypothesis, 
samples did not show pronounced differences regarding the attribution of naïve scores.  
Table 15: Inductively derived categories characterizing participants’ ideas applied in naïve reasoning regarding the NOSI 
aspect “begin with a question”. 

Category Exemplary responses from participants 

Question is not necessary 
(-) 

“No, sometimes you don’t have any expectations and ‘what will happen’ is not a 
scientific question.” 

“I think that it is not always like this [scientific investigations beginning with a 
scientific question] but sometimes. Therefore, I agree with ‘no’” 

Question can have any position  
(-) 

“No. You can also unconsciously start to collect data and develop a question much 
later. Sometimes it [the question] also just comes up by this observation.” 

“No, because you can also just investigate something and pose the question later.” 

Confusion of hypothesis and 
question  

(-) 

“I agree with the person saying ‘yes’. Because scientific investigations are always 
conducted to test an hypothesis. Based on the hypothesis or question investigations 
are conducted in order to answer the question.” 

“Both are correct. It is a matter of hypotheses. They can be phrased as questions or 
not.” 

Begin with coincidence „No, because Newton has discovered gravity by chance.” 

Begin with hypothesis “No, because a thesis can also be investigated.“  

Begin with observation ”I agree with the one saying no, because when you, for example, are in the forest 
and something attracts your attention and you investigate it, it [the scientific 
investigation]does not start with a scientific question.” 

Question from another domain “I would say ‘no’, because even the question ‘Did god create the world?’, a religious 
question, could be proven wrong by a scientist and be answered in a pure manner” 

Note. Multiple assignment of participants’ responses to the categories are possible, as responses were coded as one unit.  
(-) marks categories with technically or functionally inadequate reasoning. 

                                                       
16In German the adjective scientific is translated into the general term “wissenschaftlich” or in the case of the 
VASI “naturwissenschaftlich”, as this term more adequately captures the context of the questionnaire. However, 
the adjective “naturwissenschaftlich” is compounded of the words “Natur” (nature) and “Wissenschaft” (science). 
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4.4. Discussion 

This chapter is dedicated to the discussion of the previously reported results. It is structured 
according to the research questions stated in Chapter 4.1. That is, Subchapter 4.4.1 discusses 
the reported results with regard to the sophistication of the NOSI understanding obtained for 
samples representing different educational levels. For selected NOSI aspects, 
Subchapter 4.4.2 explicitly discusses significant differences found between samples of 
different educational levels. In Subchapter 4.4.3, the discussion focusses on NOSI aspects with 
poor understanding by participants and the analysis of their reasoning in naïve responses with 
regard to potentials and challenges for science learning. Finally, Subchapters 4.4.4 and 4.4.5 
address limitations of and implications from the presented study.  

4.4.1 Sophistication of Nature of Scientific Inquiry understanding at different 
educational levels 

In order to discuss the sophistication of participants NOSI understanding, the subchapter is 
divided into three parts that separately address different educational levels represented in 
this study. In line with an increasing educational level, the first part addresses the level of 
primary school education, followed by the level of secondary school education in part two and 
finally, the level of tertiary education represented by the sample of university students (pre-
service teachers). In summary, this subchapter refers to the first research question “To what 
extent do students of different educational levels have a sophisticated NOSI understanding?” 
(cf. Subchapter 4.1). 

Considering results obtained for primary school 
For primary school students, the NOSI understanding reported in the previous Chapter 4.3 
was mostly naïve. However, this finding is in line with results obtained by previous studies 
conducted, for example, by Schellinger et al. (2017), who administered the VOSI-E in grade 
levels 4 and 5, and Bartels and Lederman (2022), who collected data using the YCVS in grade 
levels 1, 3 and 5. Although these instruments differ from the VASI-E used in the study reported 
in this thesis, relation of research findings to one another seems suitable, since cross 
references between the instruments can be found in the respective publications. 
Furthermore, the VOSI-E and the YCVS were developed in collaboration with researchers, who 
later also contributed to the VASI and VASI-E. Also, considering descriptions of the included 
NOSI aspects, substantial overlap and sufficient comparability concerning the assessed NOSI 
aspects can be assumed. For the NOSI aspects begin with a question and multiple methods 
both studies found that students held mostly naïve views with only few, if any, views scored 
as informed (Bartels & Lederman, 2022; Schellinger et al., 2017). As the share of informed 
responses obtained in the study presented in this thesis are compared, results for the NOSI 
aspects begin with a question (4%) and multiple methods (1%) seem to fit well with the 
established range.  

Regarding the NOSI aspect explanations develop from data and prior knowledge, the pre-
intervention results reported by Schellinger et al. (2017) for the aspects “developing scientific 
explanations” and “support explanations” might be considered. Certainly, the aspects cannot 
be directly compared, as they only partly assess the same aspects (J. S. Lederman et al., 2014). 
However, they share a certain overlap, as both deal with the development of explanations for 
which data and prior knowledge are used. Prior to their intervention, Schellinger et al. (2017) 
reported more than 80% of naïve views for their sample. Although the share of naïve 
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responses reported in the study presented in this thesis was lower (57%), both findings stress 
the difficulties students had to understand this NOSI aspect. 

Considering results obtained for secondary school 
In line with previous reports for German students’ NOS beliefs and inquiry skills in biology 
(Kremer et al., 2014), the upper secondary school sample (grade level 12) reported in this 
thesis was generally associated with a more sophisticated NOSI understanding compared to 
the mid secondary school sample (grade level 7). That is, for six out of the eight NOSI aspects, 
the reported secondary school data supports the initially stated hypothesis that a higher NOSI 
understanding is associated with samples from higher educational levels. Due to the efforts 
of the international VASI project, the reported results for the NOSI understanding of students 
in the secondary school samples of this thesis can be considered in the context of findings 
from multiple studies from countries worldwide. Similar to the differences reported for the 
German secondary school samples in Chapter 4.3, J. S. Lederman et al. (2021) report higher 
levels of sophistication for students’ NOSI understanding with regard to the worldwide 
average findings as well as national samples. 

Overall, the German samples do not stand out in a particularly positive or negative way with 
respect to the worldwide average findings (J. S. Lederman et al., 2021). However, in the light 
of the results reported from other countries (J. S. Lederman et al., 2021; J. S. Lederman et al., 
2019), the high shares of informed responses, as well as low shares of naïve responses, found 
in the reported German samples for the aspects conclusions consistent with data collected and 
explanations develop from data and prior knowledge are remarkable. However, some studies 
have recently used the threshold value of 50% informed views to judge, if the NOSI 
understanding of a sample was adequate for the respective NOSI aspect (Bartels & Lederman, 
2022; Gyllenpalm et al., 2022). Applying this benchmark to the reported results, the mid 
secondary school sample (grade level 7) achieved an adequate NOSI understanding for only 
one out of eighth NOSI aspects, whereas the upper secondary school sample (grade level 12) 
did so for three out of eight NOSI aspects. These findings provide support for Kremer et al. 
(2019), who based their proposal to purposefully promote competences defined in the 
competence field “Erkenntnisgewinnung” (knowledge acquisition), which refers to scientific 
inquiry competences, on the assumption that German students often do not meet the 
expected level of competence.  

Considering results obtained for pre-service teachers 
Overall, the NOSI understanding of pre-service teachers in the presented study was found to 
be mainly sophisticated. However, considerable differences were found between NOSI 
aspects. Similarly but with regard to NOS, differences have also been reported for teachers’ 
views on aspects of NOS and their respective development (Mahler et al., 2021; Roehrig & 
Luft, 2004). These findings suggest that the understanding of NOSI aspects might have a 
similar nature to the understanding of NOS aspects. 

Furthermore, the results obtained in this thesis are in line with findings reported by Khan and 
Krell (2021), who found that pre-service teachers performed better on tasks related to data 
analysis and drawing conclusion compared to tasks that involved the formulation of research 
questions and generation of hypotheses. Analysis of pre-service teachers’ responses in this 
thesis likewise showed a higher share of naïve responses for the NOSI aspect begin with a 
question (16%) compared to the NOSI aspects conclusions consistent with data (0%) and 
explanations develop from data and prior knowledge (4%). 
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4.4.2 Differences in Nature of Scientific Inquiry understanding associated with NOSI 
aspects and educational levels  

This subchapter addresses the second research question on how participants’ understanding 
of NOSI aspects differs with respect to participants’ educational level. Methods chosen for 
data analysis were selected to test the hypothesis that samples with higher educational levels 
were associated with more sophisticated NOSI understanding. Results obtained from the 
respective non-parametric versions of the analysis of variance largely supported this 
hypothesis and were further backed up by middle and large effects found for the majority of 
pairwise comparisons between samples. Over the course of this subchapter, the results 
obtained for the NOSI aspects in the four samples will be considered further. However, this 
structure of this subchapter is primarily guided by the comparison of educational levels. In this 
regard, it should be noted that the conducted studies did not provide longitudinal data. 
However, the data collected over a course of six years offers insight into the NOSI 
understanding of students and pre-service teachers at four different educational levels. 
Furthermore, data collection and scoring were conducted with high consistency regarding the 
researchers engaged in these processes. Therefore, the presented data offers a profound 
basis for comparisons between samples.  

It seems reasonable, to cautiously interpret the high frequency and large effects of significant 
differences occurring in pairwise comparisons between samples of different grade levels (cf. 
Subchapter 4.3.2) in terms of a development of students’ NOSI understanding across time 
spent at school. Considering the higher number of significant differences found for 
comparisons involving samples of lower educational level, it might further be presumed that 
earlier years in secondary school are associated with greater increases in students’ NOSI 
understanding. The higher association of lower grade levels with significant differences in 
pairwise comparisons of samples and the presumption of considerable gains in students’ NOSI 
understanding during the first years of secondary school is in line with the reasoning by Bartels 
and Lederman (2022) that students’ NOSI understanding might shift due to teaching by “a 
dedicated science teacher instead of a more broadly focused primary classroom teacher” 
(p. 644). Considering characteristics described for the German educational system with regard 
to students’ exposure to discipline-specific science instruction and increasing learning 
opportunities for higher grade levels (MBWK SH, 2023; MSB SH, 2014; KMK, 2020a), secondary 
school students’ achievement of higher scores is plausible for secondary school samples. 
However, considering the differences reported for the eight NOSI aspects, it should be 
assumed that increases in NOSI understanding depend on multiple factors and might not 
happen uniformly across all NOSI aspects. Closely related to the conceptualization of NOSI, 
this assumption aligns with similar conclusions and findings reported for the development of 
students’ as well as pre-service teachers’ conceptions of NOS aspects (Cofré et al., 2019; 
Mahler et al., 2021; Mesci & Schwartz, 2017). As the results of significant differences between 
grade levels presented in this thesis might serve as indicators pointing to possible phases that 
are particularly sensitive for the development of respective NOSI aspects. Therefore, the 
following paragraphs focus on the discussion of selected NOSI aspects that were particularly 
noticeable for the respective phases. 

Significant differences between samples from grades 4 and 7 
Within this thesis, an increase in NOSI understanding between grade levels 4 and 7 was 
reported with large effect sizes for the NOSI aspects multiple methods and explanations 
develop from data and prior knowledge. Within the VASI and VASI-E questionnaire, the NOSI 
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aspect multiple methods was mainly assessed with two questions, in which participants were 
asked to judge whether a described situation (a scientific observation) was first, a scientific 
investigation and second, an experiment. Considering this task with respect to the content 
taught in primary school, it is likely that primary students were not familiar with the explicit 
distinction between scientific investigations and experiments (cf. Subchapter 2.3.6). I. Yang et 
al. (2017), who have reported extremely high naïve shares for the NOSI aspect multiple 
methods, criticized the imprecise use and confusion of the term experiment in Korean primary 
schools. With regard to the absence of the term experiment in primary school curricula, or at 
least its use in a scientific understanding, the term will probably not be explicitly introduced 
to most primary school students in Germany as well. Thus, students’ responses are likely to 
regard the described observation as an experiment and thus, be scored naïve. However, 
secondary school curricula particularly emphasize the importance of experiments as a 
scientific method (cf. Subchapter 2.3.6). This major difference concerning the role of 
experiments in primary and secondary school curricula may explain the significant difference 
found between samples from grade levels 4 and 7 regarding the sophistication of students’ 
understanding of the NOSI aspect multiple methods. Furthermore, the fact, that secondary 
school curricula include but rarely explicate or differentiate alternative scientific methods and 
procedures, suggests that these aspects are less present in science lessons. This, in turn, might 
contribute to the high number of responses scored as mixed. Referring to results reported by 
other researchers, high frequencies of naïve and mixed responses have also been reported 
(Gai et al., 2022; Senler, 2015; I. Yang et al., 2017). Similarly, difficulties were reported from 
the assessment of NOS aspects for the aspect “the scientific method” as well (Bugingo et al., 
2022; Cofré et al., 2019), which shares a great overlap with the NOSI aspect multiple methods. 
In Germany, the idealized inquiry cycle provides a continuous means to guide and structure 
not only educational standard documents (MBWK SH, 2019a, 2019b, 2019c; MSB SH, 2014) 
but also approaches to teaching scientific inquiry in primary (Egger, 2022) as well as secondary 
school (J. C. Arnold et al., 2014a; Bruckermann et al., 2017). Consequently, the translation of 
this focus into students’ inquiry learning at school might manifest or even intensify students’ 
idea of “the scientific method” and therefore, impair students’ understanding of the NOSI 
aspect multiple methods.  

Regarding the NOSI aspect explanations develop from data and prior knowledge, the role of 
scientific investigations has been described to shift from loose explorations towards the 
purposeful development of explanations with the start of secondary school (cf. 
Subchapter 2.3.6). In addition, the secondary school curriculum provides teachers with a 
range of verbs (“Operatoren”) to guide the formulation of unambiguous, purposeful tasks 
(MBWK SH, 2019a). Consequently, students in secondary school are assumed to have more 
learning opportunities with respect to the NOSI aspect explanations develop from data and 
prior knowledge. This, in turn, might contribute to explaining the significant difference found 
for students’ understanding of this NOSI aspect between samples from grade levels 4 and 7. 

This assumption is also supported by the analyses of videotaped lessons by Egger (2022) and 
Dorfner et al. (2018), whose results indicate that learning opportunities related to the NOSI 
aspect explanations develop from data and prior knowledge may be much more frequent in 
secondary school. The significant difference reported between the samples from grade 
levels 4 and 7 in this thesis further supports this assumption. 
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Significant differences between samples from grades 7 and 12 
Continuing to focus on the NOSI aspect explanations develop from data and prior knowledge 
and the large effect also found for the significant difference between the two secondary 
school samples, further factors related to secondary education are considered. First, the large 
effects found for the differences between students’ samples might also be associated with 
students’ cognitive development. To achieve a sophisticated understanding of this NOSI 
aspect, students need to combine and integrate two different sources of evidence into one 
conclusive argument to explain a phenomenon. This is a complex task and requires a certain 
level of cognitive development. With regard to students’ Ability to draw conclusions, Egger 
(2022) also points to the role of the capacity of students’ working memory and their ability 
regarding inhibition (e.g., with regard to irrelevant information). Consequently, a higher level 
of cognitive development, which can be assumed for older students, is likely to reduce the 
difficulty of this task and might explain higher performance of upper secondary school 
students. Second, in secondary school this NOSI aspect serves as an important criterium for 
evaluating students’ performance. For instance, the description of the “Operator” 
“beurteilen” (assess or evaluate) explicitly addresses the integration of prior knowledge and 
data, as it states that students are expected to “formulate and justify an independent 
judgment on a subject matter using content knowledge and subject-specific methods” (MBWK 
SH, 2019a, p. 69). As students progress through secondary school, usage of this “Operator”, 
among others, is practiced (MBWK SH, 2019a) and students become increasingly familiar with 
the demand and expectation to integrate different sources of evidence in their responses. 
Especially students in grade level 12, who are preparing for their “Abitur” (A-levels), are likely 
to have practiced developing explanations by integrating prior knowledge and evidence 
obtained from data.  

Another NOSI aspect, for which a difference of large effect size was found between samples 
from grade levels 7 and 12, and a medium effect for the difference between the samples from 
grade level 12 and the pre-service teachers, is the NOSI aspect data does not equal evidence. 
The high share of missing data for the sample from grade level 7, as well as students’ written 
responses and oral explanations in the interviews, suggested that the younger students were 
not familiar with the term “Beleg” (evidence) used in the context of science. For example, one 
student wrote “However, ‘Belege’ are proven theses for me. Such a ‘Beleg’ (i.e., cash register 
bong) likewise serves to prove the purchase” to explain what a “Beleg” is17, while another 
stated to not know what “Beleg” means. These responses are in line with theminiscule role of 
this term in the secondary school curriculum and the assumption that it seems unlikely for 
most teachers to emphasize this aspect in their science teaching or to purposefully refer to 
(the generation of) evidence (cf. Subchapter 2.3.6). In this context, it seems plausible that 
most students are not familiar with the scientific use of the word “Beleg” (evidence). In 
addition, similar findings of high naïve shares and students’ struggle to contextualize and 
distinguish the terms data and evidence have also been reported for a Swedish sample 
(Gyllenpalm et al., 2022). The authors stated that students’ poor understanding of the 
distinction between data and evidence among possible issues of contextualization or 
translation “more likely reflects the situation that this distinction is not common or 
emphasized at any level of schooling in Sweden” (Gyllenpalm et al., 2022, p. 349). Similarly, 
instead of distinguishing between data and evidence German curricula focus on the distinction 
                                                       
17 In German the term „Beleg“ may also be used in the context of shopping as for example in “Einkaufsbeleg”, 
which translates into cash register bong. Depending on the context, the term “Beleg” may therefore be translated 
into evidence or receipt.  
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between data (or observations) and their interpretation (MBWK SH, 2019a, 2019b, 2019c; 
MSB SH, 2014). Students, however, often have difficulties to distinguish between observations 
and interpretations (Gropengießer, 2020; Vorholzer, 2017). This could lead to teachers 
purposefully addressing this issue in their teaching. Summarizing these considerations, the 
results obtained for students in grade levels 7 and 12 seem reasonable. While younger 
students might struggle with the unfamiliar term “Beleg” (evidence), older students have 
much more experience with use of formal language and conducting investigations. Thus, some 
of the students might be able to derive at least partially correct explanations of the terms data 
and evidence by, for example, linking the term data to the description of observations and 
relating the term evidence to explanations resulting from the interpretation of data.  

Further considering significant differences of medium effect between samples from grade 
levels 7 and 12 suggests discussion of the NOSI aspects procedures guided by question and 
conclusions consistent with data collected. For the first NOSI aspect, the secondary school 
curriculum suggests that students in upper secondary school are likely to more frequently 
have learning opportunities. That is, while the selection of research methods and the design 
of an investigation are competences that should be taught throughout secondary school 
(MBWK SH, 2019a), an increase of students’ autonomy can be expected for higher grade 
levels. For teaching in upper secondary school, the curriculum explicitly states that “the 
independent handling of biological thinking and working methods must be aimed at and made 
possible in the lessons” (MBWK SH, 2019a, p. 39). In this regard, higher levels of autonomy 
provided for students in upper secondary school might also raise their awareness for the NOSI 
aspect procedures guided by question. 

As it has been described in Subchapter 2.3.6, it is to be expected, that upper secondary school 
students are provided with more frequent learning opportunities to improve their 
understanding of the NOSI aspect conclusions consistent with data collected. Moreover, with 
regard to the “Abitur” (A-levels), it is also likely that teachers will emphasize evaluation criteria 
linked to the “Operator” “(über)prüfen” (examine or check) as well as the competence field 
“Bewertung” (evaluation), which are both based on this NOSI aspect as well. Students at the 
end of secondary school are thus, particularly likely to be highly aware of the importance to 
draw consistent conclusions.  

This assumption is also supported by the responses coded as not applicable in the sample 
from grade level 12 and pre-service teachers. Missing data in these samples is due to the fact 
that participants did not answer the question of the VASI, but criticized the task by arguing 
that the demanded conclusion could not be drawn based on the provided data. The respective 
VASI question provided participants with a table of data on growth of a plant depending on 
the daily duration of light exposure and asked them to draw a conclusion concerning the 
relationship between plant growth and the amount of sunlight based on the data provided in 
a table. Some participants argued that the data would not allow conclusions and refused from 
concluding. For example, one pre-service teacher wrote “The data table does not yet show a 
relationship that can be generalized, since only one plant was used. In addition, it is not 
specified under which conditions the plant was exposed to light, therefore, statements about 
the sunlight cannot be made. Furthermore, it is not clear whether other factors, for example, 
watering were kept constant. The statement that plants grow higher is also not clear. Does 
this refer to the maximum height of the plant or to the time period of one week”. While those 
participants established that they were aware of the risk of over-generalizing results and 
refused to do so, it was not possible to assess, how they would actually handle data. That is, 
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as these participants did not draw a conclusion, it was impossible to assess the consistency 
between their conclusions and the provided data. Therefore, their responses were excluded 
from the analysis for this NOSI aspect.  

Significant differences between samples from grade 12 and pre-service teachers 
Apart from the already discussed NOSI aspect data does not equal evidence, significant 
differences of medium effect size were found for the NOSI aspect begin with a question 
between the upper secondary school and pre-service teachers’ sample. Considering the role 
of questions and especially hypotheses in German secondary school curricula (cf. 
Subchapter 2.3.6), the high share of naïve views is hardly surprising. Compared to hypotheses, 
research questions only play a minor role in the curricula. In fact, from the perspective of the 
definition provided for the NOSI aspect in J. S. Lederman et al. (2014), even some of the 
competence descriptions in the curricula would be scored as naïve. One example is the 
expectation that students should “develop a research design (experiment, observation 
process, etc.) based on a hypothesis” (MBWK SH, 2019a, p. 17 and p. 42). Furthermore, the 
curriculum does not explicitly emphasize the distinction between research questions and 
hypotheses. Therefore, it is likely that teachers will not address this issue in their teaching and 
that students will not be aware of the explicit differentiation between research questions and 
hypotheses, either. Furthermore, video analyses of secondary school Biology and Chemistry 
lessons further suggest that the focus of science teaching lies on performing investigations 
leaving students with only limited learning opportunities related to the NOSI aspect begin with 
a question (Dorfner et al., 2018; Nehring et al., 2016). The high shares of naïve views reported 
in this thesis are also in line with findings by Kremer et al. (2019), who reported students to 
have difficulties to generate research questions. Taken together, the considerably low NOSI 
understanding reported in this thesis for the NOSI aspect begin with a question, as well as the 
problematic reasoning found in the respective naïve responses, corresponds to previous 
findings reported in the literature.  

In contrast to secondary school students, the pre-service teachers showed significantly more 
sophisticated NOSI understanding. In the reported sample, all pre-service teachers were in 
their master studies and had already completed their bachelor’s thesis. It is likely, that during 
the process of writing their thesis, pre-service teachers were confronted with questions 
targeting their research questions and how their design and conclusions linked to them as 
these are also major evaluation criteria for reviewing academic work. It can also be expected, 
that the pre-service teachers were confronted with scientific publications during their 
university studies. In scientific publications, research questions commonly take a more 
prominent role than hypotheses. In addition to being a positive selection of individuals highly 
interested in biology, pre-service teachers were likely to have had additional learning 
opportunities during tertiary education, in which the role of the research question was 
illustrated. Both might contribute to the significant differences found between the samples of 
grade level 12 students and pre-service teachers.  

4.4.3 Qualitative analyses of naïve responses with regard to students’ prerequisites for 
learning 

In addition to the quantitative analyses of participants’ NOSI understanding, qualitative 
analyses were conducted to answer the third research question that asked: “How does 
students’ reasoning on challenging NOSI aspects compare for different educational levels and 
with respect to prerequisites for prospective learning?” (cf. Chapter 4.1). The analyses showed 
that problematic reasoning possibly impeding a sophisticated NOSI understanding occurred 
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repeatedly across samples for the NOSI aspects begin with a question and procedures 
influence results but also that qualitative differences existed between naïve responses in the 
four samples for the NOSI aspect same procedures may not get same results. All three NOSI 
aspects were selected for further analyses due to high shares of naïve responses across 
samples or because of not existing differences between samples. However, it is important to 
consider that responses scored as naïve might not necessarily be completely inadequate or 
inappropriate. Scoring in this thesis was strictly related to and based on descriptions of the 
NOSI aspects by J. S. Lederman et al. (2014). These descriptions are substantially based on 
educational standards for science teaching in the U.S. (J. S. Lederman et al., 2014). However, 
as it has already been illustrated for the NOSI aspects begin with a question and data does not 
equal evidence in the previous Subchapter 4.4.2, the perspective of the German educational 
standards partially differs from the one advocated in the U.S. (e.g., with regard to the role of 
scientific questions and hypotheses) with emphasis put to different aspects of scientific 
inquiry (e.g., the distinction of observation and interpretation). Therefore, what is considered 
naïve in terms of the applied research framework based on J. S. Lederman et al. (2014) might 
not necessarily be considered naïve in terms of the German national science education 
standards. Furthermore, although a participant’s response might not have met the standards 
set for an informed NOSI understanding, the response might nevertheless provide further 
information on the participant’s understanding of scientific inquiry and also more or less 
viable ideas for the participant’s prospective science learning. Therefore, qualitative analyses 
were performed to elucidate these aspects.  

Participants’ reasoning related to the role of questions for scientific investigations 
Regarding the NOSI aspect begin with a question the issue of a differing perspective advocated 
in the German science education curricula seems to be most pressuring. The discussion of the 
qualitative results therefore will focus, on the one hand, on relating participants’ responses to 
the standards set in the German curricula and, on the other hand, on the potential of 
participants’ reasoning to be extended to a more adequate NOSI understanding. German 
secondary school curricula postulate the hypothesis to guide the scientific investigation 
(MBWK SH, 2019a, 2019b, 2019c; MSB SH, 2014). In contrast, the NOSI aspect begin with a 
question in its elaborated formulation contains the addition “and do not necessarily test a 
hypothesis” (J. S. Lederman et al., 2014, p. 68). Consequently, in the context of this NOSI 
description, it has to be a scientific question (and not a hypothesis as stated in the German 
curricula) that begins and guides the scientific investigation. Following the perspective 
outlined in German curricula and the prominent role of experiments, it might be considered 
less important, or even contradictory, for students to state that it is not necessary to state a 
hypothesis.  

As it has been elaborated in the previous Subchapter 4.4.2, it is likely that teachers will not 
address the distinction between hypotheses and scientific questions in their teaching. This 
assumption could contribute to explaining the reported qualitative findings of high shares of 
confusions between the terms hypothesis and scientific question. Moreover, it could also 
explain the responses that stated a hypothesis as a starting point for scientific investigations 
(cf. Subchapter 4.3.3). Considered from the perspective of German educational standards, the 
later might not necessarily be considered as a naïve understanding but probably be considered 
as a mixed understanding. That is, according to, for example, the Biology curriculum in 
Schleswig-Holstein, hypotheses are formulated in relation to a given (scientific) question and 
pose the basis for planning, conducting and interpreting scientific investigations (MBWK SH, 
2019a). Participants, who stated that scientific investigations began with a hypothesis, would 
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therefore also not be scored as informed, as they did not consider the development of 
hypotheses. However, their responses would probably be scored as mixed, as they 
acknowledge the hypothesis’s fundamental role for the investigation. From the perspective of 
the German educational standards, confusions of the terms hypothesis and scientific question 
are certainly not desired but might rather be regarded as a minor issue.  

Nevertheless, following the VASI’s underlying theoretical conceptualization of NOSI aspects 
(cf. Subchapter 2.3.2), participants’ responses that confused hypotheses and scientific 
questions, or that stated a hypothesis as starting point for scientific investigations, need to be 
scored naïve. This difference between the perspective advocated by German educational 
standards and the scientific conceptualization becomes even more clear, when these 
responses are considered as prerequisites for learning. From the scientific perspective, the 
response that confuses hypotheses and scientific questions seems especially problematic, as 
it neglects the distinction of these terms and thus, impairs an adequate NOSI understanding 
by lacking a basis to comparatively assess the role of hypotheses and scientific questions. In 
comparison, the response stating a hypothesis as starting point is less problematic for the 
development of an adequate NOSI understanding, as it does not have to be fundamentally 
changed but may be extended further to reach an adequate NOSI understanding. In order to 
do so, teachers might encourage students to question their understanding by contrasting their 
response with the definition and development of hypothesis, which is by nature related to an 
initially posed scientific question.  

Similarly, naïve responses that stated other origins for scientific investigations, like 
observations or incidental findings, might also provide a fruitful basis for the extension to a 
more adequate NOSI understanding. Notwithstanding the emphasis on questions being the 
starting point of scientific investigations, J. S. Lederman et al. (2014) acknowledge that 
“questions may originate through a variety of means” (p. 68) in their description of the NOSI 
aspect begin with a question. In order for students to understand this, teachers might provide 
them with a catchy example, like watching a baseball game (J. S. Lederman et al., 2014), to 
discuss the distinctions between commonly made unsystematic, everyday observations and 
systematic, scientific observations. As the latter are guided by a scientific question, the 
question has to be stated first to provide criteria for scientific observations to be made (Egger, 
2022; Wellnitz & Mayer, 2013). These considerations might provide a basis to delineate 
criteria for scientific investigations, while simultaneously demarcating their starting and end 
point. Schellinger et al. (2017) have described naïve understandings of what a scientific 
investigation actually is for primary school students, who provided reasoning like “because 
she talked about the bird” (p. 4642). However, very similar arguments also occurred in the 
mid secondary school sample (grade level 7) reported in this thesis for several students, which 
raised serious questions about their understanding of what can be considered as a scientific 
investigation. Therefore, it seems to be particularly reasonable to include the delineation and 
demarcation of scientific investigations into science teaching. 

Furthermore, the previously described activity might also provide the opportunity to discuss 
and extend participants’ ideas that were categorized and reported as “questions from another 
domain” in the qualitative analysis. Considering the epistemic activities performed in 
secondary school Biology lessons, participants’ responses may be related to their experiences 
in science class. According to the coding manual and examples provided by Dorfner et al. 
(2018), the questioning commonly observed in Biology lessons might be rather general (“How 
does the body react?”, p. 238) and occurred in at least one out of three lessons. In comparison, 
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the activity of hypothesis generation, which might also include posing a more precise research 
question that participants might more likely regard as a scientific question (e.g., “What 
happened in your body […] when you hit on the knee area?”; Dorfner et al., 2018, p. 238, 
parentheses taken from original), was observed in less than 20% of the lessons and therefore, 
much less frequent. As participants’ written responses were rather short, further 
investigations might be needed to understand how participants distinguish between scientific 
and non-scientific questions and especially, if they regard questions arising from the activity 
Dorfner et al. (2018) described as “questioning” to also be scientific questions or not. Either 
way, it might be fruitful for teachers to build on the distinction of scientific and non-scientific 
questions by J. Mayer and Ziemek (2006). The authors suggested to distinguish between the 
two types of questions by assessing if the question can or cannot be answered by a scientific 
investigation. This discussion might be easily linked to the previously used example of the 
baseball game and might help students to reach a more sophisticated NOSI understanding by 
focusing on scientific questions only.  

Finally, there were two more categories for participants’ reasoning, namely “question is not 
necessary” and “question can have any position”, that should be considered problematic, as 
they are functionally inadequate. Both kinds of reasoning must also be considered 
problematic in terms of the German educational standards for science teaching, as they 
neglect the role of the scientific question for hypothesis generation (MBWK SH, 2019a). A 
possible explanation for students’ functionally inadequate reasoning might be that students 
often do not reflect on the reasoning behind different steps of an experiment or scientific 
investigation, if they are provided with a manual or narrowly defined instructions (J. Arnold et 
al., 2017). Khishfe (2023) with regard to Khishfe and Abd-El-Khalick (2002) summarizes this 
problematic issue as follows: “During inquiry activities, students may understand the steps of 
an experimentation but lack the ability to comprehend the logical reasoning that drives these 
experiments” (p. 1891). German students might be in a situation similar to that of their 
Swedish peers, for whom Gyllenpalm et al. (2022) constitute that they “may have 
opportunities to do inquiry to some extent but without learning about scientific inquiry” 
(p. 348). This assumption seems to be supported by the observation that teachers frequently 
focus on fostering students’ content knowledge instead of methodological knowledge or 
competence, when including experiments in their lessons (J. S. Lederman et al., 2019; Sannert 
et al., accepted manuscript).  

Participants’ reasoning related to differing results obtained in scientific investigations 
For the NOSI aspect same procedures may not get same results, the qualitative analysis of 
participants’ naïve responses revealed fruitful ideas in students’ responses regarding possible 
sources of error or bias in scientific investigations that were also found to differ between the 
four samples. The high shares of naïve responses across all samples reported in this thesis 
provide further support to the repeatedly reported difficulties of students with subjective 
aspects of NOS (Cofré et al., 2019; Mesci & Schwartz, 2017). That is, participants’ responses 
that were scored naïve lacked a reference to the role of the individual researcher during data 
interpretation. Instead, participants frequently reported different sources of error to explain 
why researchers might reach different conclusions despite performing the same procedures. 
Considering the German curricula and the scientific culture, this is an adequate approach as 
students, like researchers, are expected to judge the precision of the applied procedures in 
terms of a discussion of possible errors (Langlet, 2020; MBWK SH, 2019a). Participants’ 
reasoning in samples with higher educational level was commonly associated with higher 
levels of abstraction for the considered sources of error and inclusion of unobservable factors 
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influencing data collection. Therefore, participants’ reasoning seemed to improve in terms of 
methodological knowledge and complexity documenting a certain ability to reflect on data 
quality and confounding variables for most participants.  

However, further considering participants’ reasoning on the NOSI aspect same procedures 
may not get same results and especially the NOSI aspect procedures influence results, several 
responses seemed to be based on the problematic idea of only one correct answer. This is also 
stressed by the category “adequacy of procedures”, where students attributed differing 
results to researchers’ poor choice of procedures. Again, in line with inadequate views of 
students towards science (Höttecke, 2004; Neumann, 2011), this reasoning implicitly suggests 
that researchers would have reached “the correct answer” if they had chosen the correct 
method. In general, this kind of reasoning seems to be connected to participants’ “idealistic 
view of scientists as objective seekers of truth” (Howitt & Wilson, 2018, p. 585), which has 
already been reported to occur in reasoning of German students three decades ago (Meyling, 
1990). Science might be considered to differ from everyday reasoning by its relentless 
endeavor to eliminate individual beliefs and sources of error (Langlet, 2001). It seems that 
participants not only internalized this idea, but tend to overestimate the reliability and validity 
of scientific claims. With regard to the importance of this issue in terms of scientific literacy 
and possible consequences of such an inadequate reasoning, the poor NOSI understanding 
obtained, also in the pre-service teachers’ sample, is troubling as this finding suggests little 
hope for their future students to reach a sophisticated NOSI understanding with regard to 
these aspects.  

In addition, naïve responses of several participants, particularly from samples of higher 
educational levels, contained references to quality criteria (e.g., objectivity) as well as 
scientific principles (e.g., replicability of studies, repetition of measurements). However, it was 
particularly interesting, and worrying, that these terms were used in support for an 
inadequate reasoning by participants. These participants often seemed remarkably certain of 
their answer and sometimes provided considerably more detailed explanations compared to 
their peers. In the light of the increasing threat of fake news and conspiracy theories, this 
observation raises an urgent need for effective instructional approaches but simultaneously 
raises serious concerns about their long-term success in changing students’ (and teachers’) 
inadequate conceptions.  

4.4.4 Limitations 

While this assembly of studies conducted with the VASI and VASI-E provides unique insights 
into students’ and pre-service teachers’ NOSI understanding for educational levels ranging 
from primary to tertiary education, there are also two kinds of limitations that have to be 
considered. First, methodological limitations connected to the instruments and their use, and 
second, limitations resulting from sample characteristics and the samples’ integration within 
the context of this thesis.  

Part of the methodological challenges faced regarding comparability of obtained results are 
rooted in the nature of using age-appropriate instruments. In the context of this thesis, two 
versions of the VASI questionnaire were used with primary school, secondary school, and pre-
service teachers. In order to accommodate students in primary school, the VASI-E targeted 
only a selection of NOSI aspects. Also, in addition to changing the context of several tasks used 
in the VASI (e.g., for NOSI aspect conclusions consistent with data collected), assessment 
approaches were adapted for some of the NOSI aspects. For instance, for the assessment of 
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the NOSI aspect begin with a question primarily an indirect, highly contextualized instead of a 
direct, less contextualized approach was used. Thus, it cannot be ruled out that part of the 
differences in students’ NOSI understanding may also be linked to methodological premises.  

However, different assessment approaches were also used within the VASI, as contextualized 
or decontextualized tasks were used for different NOSI aspects to assess participants’ 
understanding. For instance, the NOSI aspects begin with a question and same procedures 
may not get same results were assessed using tasks that were predominantly 
decontextualized. In contrast, the NOSI aspects conclusions consistent with data collected and 
explanations develop from data and prior knowledge were primarily assessed using 
contextualized tasks. Considering the reported results, it is striking that participants’ NOSI 
understanding was found to be particularly poor for the first two NOSI aspects, for which the 
assessment was decontextualized, but particularly informed (in comparison to the other 
aspects) for the last two NOSI aspects, for which the assessment was contextualized. However, 
considering the reported worldwide average findings obtained in the international VASI 
project, this effect seems to be rather characteristic for the German samples (J. S. Lederman 
et al., 2021). Unfortunately, within the context of this thesis, there was no way to determine, 
whether the German participants’ differing performance was solely due to varying levels of 
understanding for the respective NOSI aspects or to what extent it might also be influenced 
by methodological disparities of the instrument. 

Finally, another methodological challenge arises for the relation of the VASI findings reported 
in this thesis to those of other researchers from the international VASI project and beyond. 
While scoring of the VASI results is related and guided by the NOSI aspects’ descriptions by J. 
S. Lederman et al. (2014), each team of researchers may discuss and amend their scoring 
decisions for characteristic reasoning repeatedly occurring in their sample. For collaboration 
in the international VASI project and respective publications (J. S. Lederman et al., 2023; J. S. 
Lederman et al., 2021; J. S. Lederman et al., 2019), exemplary scorings of each research team 
were discussed and, if necessary, amended in close cooperation with the project leaders to 
establish scoring consistency. However, obtained results may be related to those of other 
research teams with modesty and particular care. For instance, comparing the scoring applied 
in this thesis for the NOSI aspect begin with a question to those exemplarily illustrated by, for 
example, Gai et al. (2022) or I. Yang et al. (2017), reveals differences in the applied scoring 
decisions. That is, most of the exemplary quotes provided for mixed responses in the 
respective publications would have been regarded as naïve responses from the perspective 
applied in this thesis. Therefore, despite carefully reviewing the work of colleagues, relations 
to results obtained by other research teams may be left with some uncertainty regarding the 
comparability of the applied scoring. 

A second kind of limitations arises from the integration of four samples, namely from primary 
and secondary school as well as university level, to provide insights into multiple stages of 
students’ trajectory in the German educational system. Obviously, it has to be refrained from 
drawing direct conclusions regarding the educational development of individual students, as 
the data collected in terms of this thesis was obtained in four separate cross-sectional studies. 
Therefore, each participant’s NOSI understanding was only assessed once, resulting in 
completely disjunct samples. Furthermore, despite careful sampling and efforts to include, for 
example, academic as well as non-academic track schools, the samples are not representative 
for Germany, particular federal states or locations. This is especially true for the sample of 
pre-service teachers. This sample consisted of studying pre-service Biology teachers from one 
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university, only. Assuming a high level of interest and knowledge in science, this sample should 
be regarded as a positive selection, compared to the other samples. However, as it is 
considerably smaller, there is an increased risk for bias, for example, due to outliers. Overall, 
differences between the four samples may not exclusively be caused by the educational level 
of participants. In particular, other aspects affecting differences reported in this thesis might 
be related, for example, to the educational systems of the three Federal States, in which data 
were collected. Between as well as within samples, conditions differed with respect to the 
federal and school-specific curricula. However, for the secondary school level, nationwide 
science education standards exist that suggest a general level of consistency regarding, for 
example, the focus on developing students’ competences in various domains across federal 
states.  

Finally, considering the comparability of the four samples concerning the scoring of 
participants’ responses, full consistency of the involved researchers could not be established 
across all samples. However, new team members were provided with a detailed introduction 
to the scoring of the VASI responses and extensive comparison and discussion of the scoring 
of a small subsample was part of the scoring process. In addition, at least one or two 
experienced researchers, who had already scored at least one of the previous samples, was 
directly involved in the scoring of each sample in order to ensure consistency in scoring across 
samples. Also, if new members were included in the scoring process, experienced researchers, 
who were not directly scoring the responses for the respective sample but were involved in 
the scoring of previous studies, were available for consultation. Experienced researchers were 
contacted for the discussion of the initial sub-sample as well as controversial responses 
identified in the subsequent scoring process. Therefore, a high consistency was established 
for the scoring process despite unavoidable changes in the team of researchers directly 
involved in scoring participants’ results. 

4.4.5 Implications 

Considering the findings reported in this part of the thesis referring to students’ NOSI 
understanding, this subchapter proposes two main implications. The first implication refers to 
the consequences the results of this study should have for science education in Germany and 
an outline of reasonable next steps is provided. The second implication more generally refers 
to do’s and don’ts for consuming and communicating research on participants NOSI 
understanding. 

Firstly, acknowledgement of the different sophistication of students’ NOSI understanding 
found between different NOSI aspects as well as between samples of different educational 
levels leads to a simple yet complex conclusion: Differences in NOSI understanding demand 
differences in NOSI teaching. This conclusion is in line with the demand stated by Abd-El-
Khalick and Lederman (2023), who stress the need for research on how, namely, in which 
sequence and at which grade level, NOS(I) aspects should be taught in science education. In 
addition, the consideration of different results obtained from worldwide samples (J. S. 
Lederman et al., 2023; J. S. Lederman et al., 2021; J. S. Lederman et al., 2019) as well as the 
close alignment of differences found between samples in this thesis with characteristics of the 
German curricula (cf. Subchapter 4.4.2), demands prospectively suggested sequences for 
teaching NOS(I) aspects to allow for nation-centered specifications. That is, notwithstanding 
general assessments of appropriateness of certain NOS(I) aspects with regard to age and, for 
example, associated cognitive development of students, nation-specific developments should 
also consider national curricula and educational goals. In order to derive a nation-specific 
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sequence for teaching NOS(I) aspects, it seems reasonable and particularly fruitful to build on 
the knowledge of sensible phases that are associated with substantial increases in students’ 
NOS(I) understanding between educational levels (cf. Subchapter 4.3.2). The cross-sectional 
data reported in this thesis already suggests that certain phases during students’ trajectory in 
science education might be more or less sensible and therefore, potentially important for the 
development of particular NOSI aspects. Prospectively, conducting longitudinal studies to 
assess and identify sensible phases in the development of the different NOSI aspects may be 
an effective means to inform nation-specific development of teaching sequences. In order to 
account for curricular differences, different federal states may be purposefully selected to 
allow for meaningful comparisons and identify sensible phases. The respective results should 
be carefully reviewed with regard to national curricula, in order to develop purposeful 
instructional materials and professional development programs to support teachers. 
Emphasis may be put on the development of NOSI aspects fundamental for or strongly in line 
with the achievement of important learning goals (e.g., in Germany this could be the NOSI 
aspect conclusions consistent with data collected, cf. Subchapter 4.4.2). In contrast, NOSI 
aspects that are not explicitly included in the national science curricula should be critically 
reviewed with regard to their relevance and importance for the achievement of the primary 
learning goals. The subsequent development of teaching materials and professional 
development programs should build on and include approaches that have proven successful 
in fostering students’ NOS(I) understanding (e.g., explicit instruction and careful reflection of 
scientific inquiry; Abd-El-Khalick & Lederman, 2023). Qualitative analyses, similar to the 
assessment reported in Subchapter 4.3.2 might further inform development of respective 
materials and programs by highlighting characteristic misconceptions held by students. This 
knowledge also needs to be communicated to teachers during professional development, as 
it is an important component of their NOS(I)-specific pedagogical-content knowledge and 
thus, critical for high quality of teaching NOS (Faikhamta, 2013; Hanuscin et al., 2011; 
Malhotra & Masih, 2022). In this regard, it is important to rise teachers’ awareness for naïve 
reasoning that is likely to occur in their classes and impede students’ successful science 
learning. Additionally, providing teachers with materials and instructional activities to 
challenge students’ inadequate ideas and create cognitive conflicts further addresses 
teachers’ needs (Malhotra & Masih, 2022) and might increase the implementation of teaching 
effective in fostering students’ NOSI understanding. In summary, the suggested procedure 
combines critical phases in students’ development of NOSI understanding, with lessons learnt 
from teacher education, and instructional approaches found potent in fostering students’ 
NOS(I) understanding. Therefore, this innovative procedure has a profound potential to 
improve science education and further enhance students’ learning outcomes.  

Secondly, regarding the discourse of researchers on assessments of participants’ NOSI 
understanding, some basic yet important principles should be considered. The results and 
outlined limitations for relations to other studies reported in this thesis’s fourth chapter 
support and emphasize the restrictions and restraints tied to comparisons across nations or 
research teams. Before relating and comparing their findings to those obtained by colleagues, 
researchers should critically check for comparability of samples, educational context and 
scoring methodology. Researchers communicating their findings should therefore carefully 
link their interpretation of participants’ NOSI understanding to national science curricula and 
learning opportunities in science instruction. Furthermore, the inclusion of tables with 
characteristic scoring examples might further enable researchers to make meaningful 
connections. Also, reviewers can facilitate this practice by, for example, holding researchers 
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accountable to include the information necessary for making the presented as well as 
prospective comparisons in their manuscripts.  

Finally, regarding the observation that differences between samples’ sophistication of NOSI 
understanding became less pronounced with increasing educational level (cf. 
Subchapter 4.3.2), questions on the interpretation and comparability of interventional studies 
arise. If this finding can also be replicated in other cross-sectional or longitudinal studies, 
higher increases in students’ NOSI understanding can be expected for younger students with 
lower levels of NOSI understanding prior to instruction. The age and educational level of 
participants should therefore be considered as a factor of potential bias for the comparison 
of interventions’ effectiveness. However, investigating participants educational level as a 
predictor of individual increases in NOSI understanding and more generally interventional 
success might be an interesting objective for future research.   
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5. Discussion of this thesis’s contribution to science education 
research 

The previous chapters have described the empirical research conducted in the context of this 
thesis. This chapter has a twofold objective. Firstly, it is dedicated to summarizing 
contributions of this thesis’s individual parts to the research field of science education. 
Insights and findings provided in previous sections of this thesis are integrated to form a more 
comprehensive picture of students’ views about science. Secondly, implications for science 
education research and practice are derived with relation to the work presented in this thesis.  

5.1. Summarizing contributions from individual parts of this thesis 

 

 
Figure 13: Positioning the research conducted in this thesis within the two-dimensional framework for the integration of 

research on EBs and NOS. Arrows connecting quadrants indicate relations of the respective quadrants’ content in 
terms of interpreting students’ views about science in Chapter 3 (vertical arrow) and Chapter 4 (horizontal arrow).  

Two perspectives, one goal. The overarching goal of this thesis is to enhance understanding 
of students’ views about science by advancing their assessment. This thesis combines two 
perspectives prominent in science education research, EBs and NOS(I), with each perspective 
guiding one strand of empirical assessment. Each perspective provides distinguished findings 
that contribute to the respective strand of research and also science education research in 
general. Performing the tightrope act of navigating across the blurry lines of research 
traditions, the desire for and desideratum of an integration of the two perspectives arose in 
the early phases preceding this thesis. Much later, the integrated framework for epistemic 
aspects in science education research (see Figure 1 and Subchapter 2.4.3) originated from the 
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effort to propose a joint frame of reference. This was done for the purpose of positioning 
research findings related to the two research perspectives combined in this thesis within the 
research field of science education and to pinpoint prospective research gaps. Summarizing 
the empirical contributions of this thesis to the field of science education research is done 
with respect to the framework. 

The integrative framework for restructuring research on epistemic aspects in science 
education has been introduced in Subchapter 2.4.3 as a simple model that provides a new 
perspective to the research field and allows for a non-competitive integration of NOS and EC 
research traditions. The model is based on two continua that inherently underlie research on 
epistemic aspects in science education and uses these continua to form a two-dimensional 
grid. The grid unfolds between the poles of a collective versus individual view (horizontal 
continuum) and professional versus school science (vertical continuum), respectively. The 
application of the framework offers a new perspective to the research field of epistemic 
aspects in science education by serving as a guideline to review and restructure the respective 
research field. Thereby, exceeding the context of this thesis, the proposed framework has also 
merit for science education research as it suggests an integrative approach to structure the 
vast research field that is traditionally informed but merely integrated by NOS and EC 
research. 

The first strand of empirical research included in this thesis is informed by research on EC and 
EBs, in particular, and focuses on the right side of the framework. The empirical research 
reported in Chapter 3 addresses the research gap of empirical studies rarely explicitly 
considering the distinction between professional and school science and the lack of 
instruments for the separate assessment of related EBs. The respective paper (Voitle et al., 
2022) documents the successful development and application of an instrument with 
analogous item pairs referring to the contexts of professional and school science that is based 
on the established instrument by Conley et al. (2004). With regard to the integrative 
framework, the instrument allows the contrasting assessment of the grid’s first quadrant 
(individual views about school science) and fourth quadrant (individual views about 
professional science). In total, 405 secondary school students from grades 6, 8 and 10 were 
included in the empirical study. Reliable scales for each context have been formed and EBs 
related to professional and school science were found to be empirically distinguishable. This 
finding also supports the theoretical conception of the framework. Regarding students’ EBs 
related to the two contexts, it was found that higher agreement was associated with the scales 
related to professional science as well as higher grade levels. Considering interpretations 
suggested by Conley et al. (2004), it would be anticipated to separately interpret students’ 
responses to the two contexts in terms of sophistication. However, sophistication, especially 
regarding the context of school science, seems to strongly depend on the situation and specific 
instructional context, which poses difficulties for the interpretation of responses. In general, 
previously suggested interpretations of students’ views in terms of sophistication or 
productivity can be depicted as horizontal relations within the integrative framework. That is, 
interpreting students’ views in terms of sophistication means taking a stand in the third 
quadrant (collective view of professional science), and applying that lens to the right side of 
the model (students’ views about science). Alternatively, interpreting students’ views in terms 
of productivity may be viewed as taking a stand in the right side of the model (students’ views 
about science) and applying that lens to the left side of the model (collective view of science). 
In contrast, the newly developed instrument introduces a different approach. Instead of 
separately interpreting students’ responses by establishing horizontal relations, students’ 
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responses on the school-science scale are interpreted in relation to their responses on the 
professional-science scale (see Figure 13, p. 101). With regard to science education research, 
this vertical approach, illustrated by the application of the developed instrument, might add 
another perspective to the debate of interpreting students’ views about science. Furthermore, 
the instrument and new method of interpreting the obtained results may also offer additional 
options for researchers to, for example, evaluate outcomes of interventions designed to foster 
students’ views about science. 

The second strand of empirical research included in this thesis builds on the research tradition 
of NOS and NOSI, in particular, and focuses on the fourth quadrant of the framework 
(individual views about professional science). The empirical research is reported in Chapter 4 
and addresses the research gap of descriptions of students’ NOSI understanding along the 
trajectory of their educational career. A cross-sectional study was conducted with a total of 
307 participants and educational levels spanning primary (grade 4) and secondary school 
(grades 7 and 12; J. S. Lederman et al., 2021; J. S. Lederman et al., 2019) as well as 
postgraduate university level (pre-service teachers). The reported findings suggest that, while 
differences between NOSI aspects occur, higher educational levels are associated with higher 
levels of sophistication. Furthermore, it was found that participants’ NOSI understanding was 
mostly sophisticated for NOSI aspects conclusions consistent with data collected and 
explanations develop from data and prior knowledge. In contrast, participants’ NOSI 
understanding was particularly naïve for the NOSI aspects begin with a question and same 
procedures may not get same results. Additionally, qualitative analyses of naïve responses 
revealed reasoning repeatedly related to dominant conceptions of objectivity and truth that 
neglected subjective aspects inherent to science. With regard to the framework, this empirical 
study is a good example for the traditional interpretation of participants’ views in terms of 
sophistication that is based on horizontal relations (see Figure 13, p. 101). Conceptualizations 
of the NOSI aspects that are used for scoring participants’ responses primarily refer to 
professional science as a benchmark. With respect to science education research, this 
evaluative approach seems particularly helpful, when participants NOSI understanding is 
interpreted in terms of reaching learning goals. Implications for further research arise from 
the cross-sectional study that stress the need to further assess and support the development 
of students’ NOSI understanding across their educational trajectory, individually. 
Furthermore, relating the reported findings to those of international studies, it is obvious that 
specifications are needed with regard to national curricula, in order to develop 
recommendations for sequences, in which the NOSI aspects should be systematically taught 
to students.  

5.2. Integrating empirical contributions to describe students’ views about science 

The right side of the integrative framework for epistemic aspects in science education 
research describes students’ views about science. Both empirical parts included in this thesis 
have individually contributed to this subject of research (see Figure 13, p. 101). By combining 
the findings of both research strands prevalent characteristics in students’ views about 
science are emphasized.  

Considering the differences found between EB dimensions as well as NOSI aspects and 
especially the differences in these constructs between grade levels, the multifaceted nature 
of students’ views about science is strongly supported. In addition, comparisons of research 
findings provide some coherence on strengths and weaknesses regarding the adequacy of 
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students’ views about science. That is, in average, high agreement with Justification scales of 
the EB instrument (cf. Table 8, p. 56) as well as high scores obtained for the NOSI aspects 
conclusions consistent with data collected and explanations develop from data and prior 
knowledge (cf. Figure 9, p. 76) are in line with German curricula stressing the role of scientific 
investigations and especially experiments in terms of acquiring knowledge (cf. 
Subchapter 2.3.6). However, both lines of research also revealed students’ difficulties with 
adequately addressing issues of truth, objectivity and subjectivity in science. Regarding the 
assessment of students’ EBs, the lowest mean values were obtained for the dimension Source 
indicating that students were highly reluctant in questioning or disagreeing with authorities, 
such as scientists and science teachers. This links to the idea of accurate scientific procedures 
and scientists being objective in conducting investigations and analyzing data (cf. analyses of 
the NOSI aspects procedures influence results and same procedures may not get same results 
in Subchapters 4.3.1 and 4.3.3). More than 50% of secondary school students expressed a 
naïve understanding of the NOSI aspect same procedures may not get same results and did 
not show any adequate considerations on how subjectivity and individuality of scientists may 
influence their work. Likewise, further findings from the analyses of students’ naïve reasoning 
reveal frequent relations to the ideas of truth or one correct answer in science, which 
corresponds with low mean values for the EB dimension Certainty. In terms of scientific 
literacy and informed decision making, these shortcomings in some students’ views may pose 
the risk of them either being susceptible for pseudoscience or also to lose their trust in science 
once, for example, aspects of uncertainty or subjectivity become visible in public discourse 
about interpretations or implications drawn from scientific results. Therefore, findings from 
both stands of empirical research combined in this thesis stress the need for science education 
to prevent this kind of naïve reasoning.  

As both empirical parts of this thesis contributed to elucidate the right side of the framework, 
one might ask about the integration and relevance of the framework’s left side for this thesis. 
Despite not being a research objective in itself, the left side of the framework substantially 
informs the theoretical conceptualization underlying this thesis’s research objectives and 
provides an indispensable foundation for interpretation and/or discussion of the obtained 
results. Due to the double role of epistemic aspects as learning goals as well as prerequisites 
for learning, there is an interdependency of (each of) the framework’s two halves. Considering 
the assessment of students’ NOSI understanding that is strongly oriented towards the 
achievement of learning goals, the left side of the framework and particularly the third 
quadrant (collective view of professional science) serve as benchmarks for the interpretation 
and evaluation of students’ responses. Then again, comparative assessment of students’ EBs 
related to professional and school science is more likely to be considered in terms of students’ 
prerequisites for learning. Consequently, it does not necessarily depend on the framework’s 
left side, where normative descriptions of (professional) science may be positioned that are 
commonly used as benchmarks for interpreting students’ responses. However, the 
framework’s left side still provides an important frame of reference and should be considered 
in the discussion of results, as both quadrants, or students’ perception thereof, are an integral 
part of the professional and school science contexts. Finally, these considerations stress the 
interdependency of all four quadrants in science education, as well as related research, and 
therefore, emphasize that all four quadrants should be acknowledged in science education 
and respective research. Consequently, after considering limitations to the integration of this 
thesis’s research (Subchapter 5.3), possible implications are reviewed for science teaching 
(Subchapter 5.4.1) as well as science education research (Subchapter 5.4.2). 
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5.3. Limitations 

In addition to the limitation resulting from the cross-sectional instead of longitudinal data 
collected and discussed in both empirical parts of this thesis, comparison and integration of 
empirical findings is limited by the differences in grade levels selected for assessment. 
Moreover, the samples of both empirical studies were disjunct, meaning that EBs and NOSI 
understanding was assessed for different student populations and no direct comparisons or 
links can be established for individual students. In particular, no propositions or predictions 
can be made about students’ performance on an instrument based on data obtained with the 
other instrument. That is, a students’ high (or low) NOSI understanding cannot be used to 
propose a high (or low) mean score for this student on EB scales, or vice versa.  

Furthermore, while the methodology applied in this thesis yielded qualitative as well as 
quantitative data, these were obtained in separate studies. The methodology applied in this 
thesis was purposefully selected to explore particular aspects of students’ views about science 
and its assessment. That is, Chapter 3, which is based on quantitative data, focused on 
exploring and assessing the relationship between students’ EBs related to professional and 
school science and Chapter 4, which is based on qualitative data, focused on understanding 
students’ views about NOSI. However, the focus on one assessment approach in each 
empirical part of the study limits the integration of research findings as well as the depth and 
scope of implications derived from this integration.  

With regard to the proposed integrative framework for epistemic aspects in science education 
research, an important limitation results from its retrospective application to the existing body 
of literature. Especially the retrospective application of the model to categorize and 
restructure research on epistemic aspects in science education makes it unlikely that each and 
every piece of research can unambiguously be assigned to one of the quadrants. However, 
given the conceptualization of the two axes as continua (cf. Subchapter 2.4.3) as well as the 
interdependency of the four quadrants, strict distinctions of the quadrants seem 
inappropriate anyway. 

5.4. Implications 

Concluding from the contributions consolidated in this thesis, implications for science 
education research and practice are derived in this chapter. Subchapter 5.4.1 discusses the 
transfer of this thesis’s contributions into science teaching practice. Therefore, the subchapter 
takes a look at challenges and potentials related to the teaching of epistemic aspects in 
German secondary school. It discusses, how shortcomings in students’ views about science 
can be addressed in science teaching, how the differences between school and professional 
science can purposefully be included into science class, how to develop adequate and 
accepted teaching materials and how to prepare and support teachers in different phases of 
their professional development with regard to teaching epistemic aspects of science. Focusing 
on science education research instead of teaching practice, Subchapter 5.4.2 discusses 
implications this thesis holds with regard to extending and improving the understanding and 
assessment of epistemic aspects in science education. 
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5.4.1. Implications for science teaching practice 

The previous Chapter 5.2 among others summarized the empirical findings of this thesis with 
regard to students’ views about science and thereby, raised awareness for severe 
shortcomings regarding the relation of subjectivity and objectivity in science. With regard to 
German secondary education, it can be concluded that science teaching should explicitly focus 
on establishing a profound understanding of this relation. Science education should stress the 
pursuit of objective measurement, description and explanation of the world’s phenomena, 
without neglecting aspects of subjectivity that inevitably affect scientific endeavors. Students 
need to be aware of this and learn, firstly, how subjectivity is minimized in science (e.g., by 
standardized measurement) but still affects the reliability and certainty of scientific 
knowledge (e.g., by decisions on included data) and secondly, how to deal with these aspects 
in terms of critical but not adverse thinking. In order to reach this goal and contribute to the 
education of scientifically literate students, several means and approaches targeting different 
key elements of the educational system are suggested in this subchapter. 

Before focusing on the system’s levels of science teaching and teacher education, the 
curriculum level should be considered, as it sets the obligatory frame of reference for science 
teaching and guarantees the ongoing integration of science content into science instruction. 
Therefore, to stress the importance of teaching epistemic aspects in science class and their 
obligatory integration into science teaching, for example, in terms of including concepts 
related to subject-specific methodology (“fachmethodische Konzepte”), teaching materials 
and accepted instructional approaches should be exemplarily included and referenced in the 
supplementing guidelines of German science curricula (e.g., MSB SH, 2017). 

Implications for transferring this thesis’s contributions to science teaching 
Considering that “[…] what we see is influenced by what we know and by how we ‘look’” 
(Duschl, 2008, p. 276), teaching materials easily come to mind as science teaching needs to 
offer opportunities for students to reflect and express their NOSI understanding and related 
views about science. Therefore, this section targets the level of science teaching and more 
specifically science content and classroom practice in order to facilitate the transfer of this 
thesis’s findings into teaching practice.  

Previous international as well as German studies found that NOS content, especially in its 
conceptualization by consensus approaches, is rarely and primarily implicitly included in 
science textbooks (Abd-El-Khalick et al., 2016; Fricke & Reinisch, 2023; Marniok & Reiners, 
2016). Consequently, teachers need to be deliberately supported by providing adequate 
teaching materials that include textbooks or texts but also worksheets and exemplary lesson 
plans. The developed teaching materials should challenge students’ conceptions of science, 
while also offering strong alignment with curricular content and options for flexible adaption 
to different experience or grade levels. Considering teachers’ daily workload and often limited 
experience with epistemology of science, the additional task of developing respective 
teaching materials should, for the most part, be taken off individual teachers. However, 
considering that teachers are experts for the development and implementation of teaching 
materials, it seems most fruitful to combine their practical experience with researchers’ 
knowledge and resources in terms of theoretical foundation, empirical evidence and 
evaluative methodology. Therefore, the co-constructive development of teaching materials 
that address epistemic aspects of science may serve as a promising gateway to prospectively 
challenging students’ conceptions of science. 
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Another innovative impulse for a more holistic and student-centered approach to teaching 
epistemic aspects of science may be derived from the integrative framework for epistemic 
aspects in science education research suggested in Subchapter 2.4.3. Traditionally, teaching 
epistemic aspects of science focuses on fostering students’ views about professional science 
(fourth quadrant) in order to reach learning goals based on collective views about professional 
science (third quadrant). Therefore, by focusing on professional science, science teaching 
concentrates on the lower half of the grid and refrains from addressing the framework’s upper 
half that is concerned with the characteristics of school science. However, most certainly, 
students and teachers are both aware of school science being different from professional 
science. Using the framework to guide science teaching practice, a more holistic approach to 
teaching epistemic aspects of science should acknowledge students’ and teachers’ reality of 
navigating their views about school science, as well. That is, the particular influences of 
collective views about epistemic aspects of school science (second quadrant) and students’ 
views about school science (first quadrant) should be purposefully considered and utilized as 
an additional resource to discuss, develop and refine students’ views about professional 
science (fourth quadrant).  

Considering existing approaches to include epistemic aspects into science teaching, it seems 
much more likely that commonalities instead of differences between professional and school 
science are addressed. For instance, teaching approaches have focused on providing students 
with authentic experiences of scientific inquiry (Burgin & Sadler, 2013; Duschl & Grandy, 2008) 
and have in parts succeeded in thereby fostering students’ understanding of epistemic aspects 
of science or scientific inquiry. However, while these approaches pose a desirable ideal for 
science teaching, they require a great effort and are difficult to apply to all students. Following 
the idea of the integrative framework advocates an alternative perspective that suggests to 
stress not only commonalities but also to explicitly acknowledge and address differences 
between professional and school science. The empirical findings reported in Voitle et al. 
(2022) suggest that students are already conscious of differences between the two contexts 
of conducting science. If science educators fear students to perceive school science to be 
independent from professional science by not only stressing commonalities but addressing 
differences as well, they patronize their students and neglect the reality and complexity of 
their perception of school science. Therefore, instead of trying to prevent students from 
developing different epistemologies for professional and school science, science education 
should work towards the development of a reflected and linked understanding of the different 
epistemologies of professional and school science. 

Additionally, in order to develop a reflected understanding, students need to be supported 
and challenged to link their personal school-science experiences of, for example, uncertainty 
and subjectivity to practices and developments in professional science. The remainder of this 
subchapter illustrates some ideas to address this challenge during different phases of 
secondary education by including references to NOSI aspects as well as the relation between 
professional and school science. 

Considering the empirical findings obtained from the contrasting assessment of EBs related to 
professional and school science, significantly lower agreement occurred for school-related 
Justification in grade 8 compared to grade 6 (Voitle et al., 2022). Although further research is 
needed to replicate and support this finding, lower secondary or early mid secondary school 
could be a sensible phase for students to become aware of differences between scientific 
inquiry conducted in professional and school science, respectively. Following this assumption, 
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it is important to support and monitor students in navigating this phase. Instead of letting 
students figure out differences and commonalities between professional and school science 
on their own and risk students to come out of this phase with the pragmatic but fatal solution 
of “parallel ways of knowing” (K. M. Edmondson & Novak, 1993, p. 550), science education 
should capitalize of this precious phase. This could be achieved by explicitly contrasting 
differences and commonalities between epistemic aspects of justification in professional as 
well as school science for example, during or after phases of inquiry-based learning. Teachers 
might ask students to comment on questions like “Why did you perform this investigation?” 
or “Would a researcher perform the same investigation?” and affirm students to express their 
ideas about professional as well as school science. This might pose an opportunity to discuss 
and explain different purposes of investigations performed in professional and school science 
and to express the educational and practical value of students’ school-science experiences.  

In lower secondary school, the NOSI aspect multiple methods might serve as a fruitful context 
to repeatedly initiate these explicit comparisons, while also laying the groundwork for 
students’ inquiry competences. By fostering students’ understanding of the NOSI aspect 
multiple methods, students are likely to benefit from a more sophisticated understanding of 
this NOSI aspect, as various scientific methods are used in subsequent phases of secondary 
education. A meaningful instructional approach that also fosters understanding of the NOSI 
aspect multiple methods could for example be the preparation and continuous maintenance 
of a card index with scientific methods. While this approach would visualize the variety of 
scientific methods, each card could also include different criteria to characterize the 
respective method. Besides summarizing commonalities and differences between 
professional and school science, the card index could also include references to other NOSI 
aspects, such as procedures influence results. Depending on the criteria included on the cards, 
this would also offer opportunities for supporting students by suggesting cross references 
during phases of inquiry-based learning. For instance, teachers might request students to 
draw on or revisit the card index for support on the planning of an investigation or to 
adequately scaffold the conduction of an investigation or the discussion of obtained findings. 
Considering the teaching content in German science curricula for lower secondary school, they 
offer a variety of opportunities for the inclusion of different scientific methods that could be 
included in a card index. For example, with respect to Biology teaching, comparing and sorting 
(“vergleichen und ordnen”) may be practiced with different items of foods during health 
education, experiments may be conducted with models of the spinal column, and 
observations may be conducted in terms of mobility of a peer’s joints.  

Besides the idea of the card index, the NOSI aspect conclusions consistent with data collected 
might serve as an additional link between the NOSI aspects multiple methods and procedures 
influence results during mid secondary school. As it has been discussed earlier (cf. 
Chapter 4.4), teachers are likely to explicitly stress and repeatedly practice the importance of 
consistency between data and conclusions drawn. In addition to their common teaching 
practice, teachers might also address this consistency as another commonality that 
characterizes scientific data analysis and is an important feature of various scientific methods, 
while also initiating discussions, about how the chosen procedures have influenced the 
collected data. 

Compared to lower and mid secondary school, epistemic aspects can be addressed, discussed 
and reflected on a more abstract level during upper secondary school. Considering students’ 
rather sophisticated understanding of the NOSI aspects procedures guided by question, 
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conclusions consistent with data collected and explanations develop from data and prior 
knowledge by the end of upper secondary school (cf. Subchapter 4.3.1), these aspects might 
pose a good basis to introduce students to a less contextualized and more abstract meta level 
of discussion about epistemic aspects of science. Teachers might initiate discussions by 
provocative statements, references to personal experiences from school science or other 
impulses that create cognitive conflicts and challenge students to explicate and reflect their 
views about science. By referring to the relation between professional and school science, 
teachers may challenge students to scrutinize and question both of their (implicit) views 
towards these contexts of conducting science. To best capitalize on the arising discussions, 
teachers should not only aim for a meta level of discussion and reflection of each student’s 
individual beliefs but also to explicitly discuss aspects of objectivity and subjectivity in science.  

Implications for transferring this thesis’s contributions to teachers’ professional development 
After targeting the level of science teaching, this section focuses on implications for the 
transfer of this thesis’s contributions to teachers’ professional development. Previous studies 
on pre- and in-service teachers’ understanding of NOS (Abd-El-Khalick & Lederman, 2023; 
Welter et al., 2023), as well as the empirical findings reported in Subchapter 4.3.1 for pre-
service teachers’ understanding of NOSI aspects, suggest that many teachers lack a sufficient 
understanding of the epistemology of science. Therefore, in addition to teaching materials 
and related instructional approaches, teachers need to be provided with basic theoretical 
knowledge about epistemic aspects of science, frequent misconceptions held by students and 
insights into how students’ views may positively or negatively affect their performance in 
science class. Because again, recalling the quote preceding this thesis, “[…] what we see is 
influenced by what we know and by how we ‘look’” (Duschl, 2008, p. 276), leads to the 
conclusion that there is a need to foster teachers’ topic-specific content knowledge (CK) as 
well as pedagogical content knowledge (PCK) on epistemic aspects of science. Considering the 
conceptualization of PCK18, its two most central components are knowledge of students’ 
understanding (KSU) and knowledge of instructional strategies and representations (KISR; 
Alonzo et al., 2012; Park & Chen, 2012; J. H. van Driel et al., 2023). Therefore, teacher 
education should focus on addressing and explicitly including the following three topic-specific 
components and their interaction: Firstly, knowledge of the epistemology of science (i.e., CK), 
secondly, knowledge of students’ views about science (i.e., KSU) and finally, knowledge of 
effective instructional approaches (i.e., KISR).  

In Germany, teacher education is divided into three phases that are: pre-service teachers’ 
studies at university (first phase), pre-service teachers’ in-service teacher training (second 
phase), and in-service teachers’ professional development (third phase). For the long-term 
perspective of including elements of CK and PCK on epistemic aspects of science into teacher 
education, it seems most effective to address topic-specific CK and PCK, with KSU and KISR in 
particular, during the first phase of teacher education and to further elaborate and intensify 
PCK during in-service teacher training (second phase; J. van Driel & Berry, 2019) by putting 
instructional approaches to test and reflection. During the third phase of teacher education 
professional development programs might be offered to communicate new instructional 
approaches or teaching materials and to develop coherent concepts for effective learning 
trajectories or teaching sequences.  

                                                       
18 Following the definition of Gess-Newsome (2015), PCK may be defined as “the knowledge of, reasoning 
behind, and planning for teaching a particular topic in a particular way for a particular purpose to particular 
students for enhanced student outcomes” (p. 36). 
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In the first phase of teacher education, topic-specific CK and PCK of epistemic aspects of 
science should be included in pre-service teachers’ subject-specific education 
(“fachwissenschaftliche Ausbildung”) as well as their education about subject-specific 
didactics (“fachdidaktische Ausbildung”). The former should provide explicit learning 
opportunities for topic-specific CK to pre-service teachers by facilitating discussions and 
reflection that link students’ practical experiences (e.g., from laboratory work) to epistemic 
aspects of science. Pre-service teachers’ education about subject-specific didactics should 
include elements that relate to pre-service teachers’ experiences and reflections from their 
subject-specific education. For instance, pre-service teachers should acquire knowledge of 
frequent (mis)conceptions held by students (KSU), instructional approaches to teach 
epistemic aspects of science (KISR), and also, to identify, prevent and address students’ 
misconceptions (interaction of KSU and KISR) (Faikhamta, 2013; Hanuscin et al., 2011; 
Malhotra & Masih, 2022). 

The second phase of teacher education provides pre-service teachers with learning 
opportunities and explicit impulses for reflection that are directly linked to their teaching 
practice. These are ideal conditions for pre-service teachers to extend and deepen their 
knowledge and practical experience with regard to topic-specific KISR with regard to epistemic 
aspects of science. Supervisors and mentors should explicitly include epistemic aspects of 
science into pre-service teachers’ education. In doing so, they should also make sure that 
epistemic aspects are included as learning goals that are explicitly addressed during science 
class. This phase of teacher education should offer pre-service teachers’ opportunities for 
putting different teaching approaches to test and for exploring different impulses to challenge 
students’ views about science.  

In addition to enhancing pre-service teachers’ PCK during the second phase of teacher 
education, already experienced in-service teachers may also benefit from explicitly including 
PCK related to epistemic aspects of science in the second phase of teacher education. That is, 
if pre-service teachers test and improve teaching approaches as well as develop teaching 
materials to foster students’ understanding of epistemic aspects of science, they may also 
report about new empirical findings and teaching materials to their more experienced 
colleagues. Therefore, the communication and distribution of new empirical findings and 
teaching materials related to epistemic aspects of science across schools can be facilitated, as 
pre-service teachers act as messengers. 

In order to reach all teachers independently of their schools’ engagement in the second phase 
of teacher education, professional development programs are need to systematically foster 
in-service teachers’ PCK related to epistemic aspects of science (Malhotra & Masih, 2022). 
Therefore, the previously suggested addition of the curricula’s supplemental guidelines should 
be accompanied by professional development programs. These programs should provide 
experienced in-service teachers with support to adequately adjust their teaching to explicitly 
address epistemic aspects of science in their classes. As the supplemental guidelines are 
edited, selected teachers from each school should attend a professional development 
program that introduces them to the included changes. Completing the professional 
development program qualifies the respective teachers to act as multipliers, who contribute 
to an efficient communication and distribution of information among the population of 
teachers, by informing and reporting to their colleagues in subject meetings at school 
(“Fachkonferenz”).  
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In addition to this kind of acute professional development program, further programs should 
on the one hand, facilitate the long-term establishment of epistemic aspects in science 
teaching. Professional development programs should support the development of coherent 
concepts for effective learning trajectories or teaching sequences which teachers may work 
on during subject meetings (“Fachkonferenz”) in order to integrate this information into their 
school-specific curricula. Including agreements upon the teaching of epistemic aspects into 
school-specific curricula would offer consistency regarding the development of students’ 
understanding of science, which in turn might also allow for more comprehensive discussions. 
On the other hand, additional professional development programs should be offered that 
allow interested teachers to intensify their knowledge about teaching epistemic aspects in 
science. These programs could cover the communication and introduction of empirically 
based new instructional approaches or teaching materials as well as offering impulses that 
teachers can easily integrate into their teaching routine.  

These last two paragraphs offer two examples for impulses that teachers could easily integrate 
into their routines of science teaching. First, the analysis of students’ reasoning in 
Subchapter 4.3.3 suggested that students have frequent learning opportunities with regard to 
discussions of sources of measurement error during secondary school. However, it is also 
common that students hold the misconception of there being only one correct solution and 
absolute truth in science. During class discussions of the collected data, teachers should be 
aware of students’ tendency to assume that there is only one correct solution and in case of 
doubt, purposefully ask students to elaborate on their answers. If necessary, teachers may 
then explicitly include and discuss aspects of certainty as well as development in professional 
science. This could for example be achieved by referring to provocative statements targeting 
the NOSI aspects procedures influence results and same procedures may not get same results.  

Another example on how to integrate impulses into teachers’ routine of science teaching 
relates to upper secondary education and the NOSI aspect data does not equal evidence. 
While the wording might pose an impediment for younger students, explicit discussion of this 
NOSI aspect might help students in upper secondary school to distinguish between 
observation and interpretation. For instance, teachers could purposefully use the term “data” 
to refer to the description students are supposed to provide of their observations during 
investigations. In contrast, the term “evidence” is used in association with the development 
of explanations as well as the drawing of conclusions during data interpretation. Likewise, an 
explicit consideration of the NOSI aspects conclusions consistent with data collected and 
explanations develop from data and prior knowledge might increase the transparency and 
students’ understanding of evaluation standards for their achievement, as these standards 
are closely aligned with these NOSI aspects (cf. Chapter 4.4).  

5.4.2. Implications for science education research 

With regard to this thesis’s contribution to science education research, three implications for 
prospective research will be elaborated in this subchapter: First, research on epistemic 
aspects of science would benefit from the integrative framework proposed in this thesis (cf. 
Subchapter 2.4.3); second, science education research would benefit from clarity about 
learning goals for EBs related to school science; third, the development of teaching materials 
would benefit from the assessment of learning progressions and the collaboration with 
teachers. 
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Firstly, transcending the context of this thesis, the suggested integrative framework for 
epistemic aspects in science education research offers an innovative approach to facilitate 
and initiate discussions across traditional research lines for science education research in 
general. Restructuring the research landscape by the distinction along the scale of social 
interaction and the context of science considered within the research, results in an inclusive 
rather than exclusive perspective to the research landscape. The innovative benefit of the two 
continua chosen for the proposed framework lies in the offered opportunity to cover and 
account for the breadth of the research field instead of being selective only for a small part of 
the field. For instance, with regard to research that transcends or links the contexts of 
professional and/or school science, like, for example but not only, interventions in out-of-
school student laboratories, the suggested integrative framework offers a more holistic frame 
of reference to navigate and balance aspects of professional and school science. Alternatively, 
for research that links, for example, EBs as well as NOS, the framework also poses a promising 
approach. That is, the integrative framework not only allows researchers to comprehensively 
outline the complex research landscape, but also to initiate fruitful discussions across 
traditional boundaries by offering new impulses, for example, guided by the framework’s two 
axes as well as resulting four quadrants, for the exploration of shared features.  

Secondly, drawing on the experiences from the conceptualization of EBs related to school 
science and relating to the double role of EBs as not only prerequisites for learning but also 
learning goals, discussions about desirable EBs related to school science should be aspired. 
While the context of school science is indisputably different from professional science, little 
clarity exists about a sophisticated view of the relation between professional and school 
science. However, as EBs are known to affect students’ science learning, it is important to 
acknowledge this situation and strive towards conceptual clarity about this issue. This, 
however, might be one of the greatest challenges researchers face with regard to exploring 
the second quadrant of the integrative framework (collective view on school science). With 
research on this matter being scarce, desiderata result, for example, for EBs that are 
associated with students’ achievement, as well as descriptions of sophistication and 
productivity dependent on different situations arising in the instructional context. The latter 
can be expected to be particularly challenging, as the context of science education is very 
complex and affected by multiple factors, such as, for example, instructional approaches, age-
dependent adjustments, teaching styles, characteristics of individual teachers. Given the 
complexity of school science and also students motives, it is unlikely that there will be a strong 
consensus on what counts as sophistication with respect to epistemic aspects of school 
science. It might be more likely that there will not be a uniform benchmark to assess 
sophistication of epistemic aspects in school science. Notwithstanding these difficulties, 
assessment of relations between students’ EBs related to school science and their 
achievement as well as other variables would greatly benefit from the description of 
(situation-specific) sophisticated views, in order to facilitate discussions by reducing 
complexity and deriving implications. 

Finally, to inform the development of teaching materials, research on students’ understanding 
of epistemic aspects of science would benefit from the assessment and characterization of 
learning progressions. For this purpose, more comprehensive mixed-methods approaches 
that are combined with longitudinal assessment of students’ development of epistemic 
aspects of science would be particularly helpful. Mixed-methods approaches would allow 
researchers to best capitalize on the advantages qualitative as well as quantitative 
methodology offer in terms of in-depth assessment of individual’s understanding as well as 
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for the assessment of complex interactions between different variables relevant for 
understanding and learning epistemic aspects of science. The combination of mixed-methods 
approaches with a longitudinal study design would further enable researchers to track and 
assess individual learning progressions. These could facilitate and form the basis for the 
development of effective teaching materials, which effectively address students’ needs. In 
summary, the application of a mixed-methods approach combined with longitudinal 
assessment would enable researchers to gain a more comprehensive understanding of 
students’ views about science as well as its connection to other variables relevant for learning. 
This in turn, would further benefit and potently inform the development of effective teaching 
approaches and materials. 

For the actual development of effective teaching materials, the application of design-based 
research methodology might pose a promising approach. On the one hand, design-based 
research offers the opportunity to combine researchers’ expertise related to the empirical and 
theoretical foundation of teaching materials with teachers’ expertise on the practical 
implementation and integration of teaching materials into lesson plans. On the other hand, 
the iterative process applied in design-based research allows for a continuous improvement 
of the developed teaching materials, which facilitates the establishment of teaching materials’ 
theoretical and practical approval.  

5.5. Concluding remarks 

This final subchapter aims to summarize the three main contributions this thesis offers to the 
research field of science education. These are related, firstly, to the integrative framework for 
epistemic aspects in science education proposed in Subchapter 2.4.3; secondly, to the 
differentiation between EBs related to school and professional science implemented in 
Chapter 3; and thirdly, the quasi longitudinal data and derived empirical findings for the 
context of German science education from Chapters 3 and 4.  

As the previous discussion in this chapter has highlighted the merits of the integrative 
framework and its potential to encourage discussions in science education research, it will be 
interesting to follow up on its consideration and possible adaption by other researchers, as 
well. The frameworks potential for proving itself relevant for science education research 
primarily lays in the opportunities it offers for linking and integrating existing research 
perspectives. It offers an inclusive frame of reference for research that transcends traditional 
boundaries of either research on NOS and EBs or the settings of in- and out-of-school learning. 
By guiding discussions about epistemic aspects in science education, the integrative 
framework may provide a new perspective that facilitates dialogue within the research field 
between widely separated research traditions. 

Another important contribution to the research field is the suggested differentiation between 
EBs related to school and professional science that has also empirically been supported in the 
context of this thesis. Not only do the related findings reported in this thesis provide empirical 
support for the suggested integrative framework for epistemic aspects of science, but they 
also offer an alternative approach to measure and interpret changes in students’ EBs about 
science. Science education research therefore, gains an additional perspective and resource 
for planning and conducting prospective research.  

For the context of German science education in particular, the quasi longitudinal data on both, 
students’ understanding of NOSI and their EBs related to professional and school science, 
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provides insights into the most pressuring shortcomings but also reassuring achievements 
that science education is likely to evoke. This can inform the development of teaching 
materials and thereby, also foster transfer of the integrative framework into science teaching 
practice. Taken together, the empirical findings reported in this thesis form a profound basis 
to prospectively guide longitudinal studies, which might explore learning progressions and 
support the description of sensible learning phases for selected epistemic aspects.  

In summary, this thesis offers a range of meaningful contributions to science education 
research by targeting the level of theoretical conceptualization, empirical assessment as well 
as the transfer of empirical findings into science teaching practice. Considering this 
multifaceted range of contributions and circling back to the overarching aim of this thesis 
outlined in the introduction (cf. Chapter 1), this thesis hopefully offered new insights and 
another way to “look” at the respective research field to its readers. 
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Voitle et al. (2022): Supplemental Material 1  
Descriptions of dimensions of epistemic beliefs related to 
professional science 

Source 

The dimension comprises the relationship between a learner and authorities that are relevant in 

the context of scientific research. In detail, such authorities are scientists and science books. 

Furthermore, concerning the source or origin of knowledge, the dimension also comprises the 

conception of scientific knowledge as external or internal to the learner. 

A naïve view is characterised by the notion of omniscient authorities. They are viewed 

to be the source and originator of knowledge and also perceived as gatekeepers who 

autocratically transmit knowledge to learners. Moreover, authorities are regarded as possessing 

knowledge that is inaccessible to other people. Therefore, learners with a naïve view are 

characterised by the notion of externally-located and controlled knowledge.  

A sophisticated perspective is characterised by a basic trust in authorities that is 

complemented by a certain scepticism. Authorities are generally trusted but they are not 

regarded as omniscient or infallible, nor are they regarded as the only ones with access to 

knowledge. This results in learners who may critically reflect and review or sceptically but 

reasonably question (externally) constructed knowledge. 

Certainty 

The dimension is concerned with views as to whether questions in science always have one 

correct and absolute answer. 

A naïve view is characterised by the view that exactly one answer exists for every 

scientific question. Therefore, an answer, once found, is viewed as correct and certain. Radical 

advocates of this perspective assume that an absolute truth exists. This perspective leads to a 
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view of knowledge as completed. This means, knowledge is not expected to change in the future 

but remain permanent.  

A sophisticated perspective is characterised by the view that there can be more than one 

answer to complex problems. Commonly, a consensus exists that knowledge can be considered 

relatively certain. However, there can always be particular aspects of knowledge regarding 

which there is disagreement. New understanding from scientific endeavours can, e.g., lead to 

changes in previously communicated knowledge, which leads to the opportunity for science to 

correct itself.  

Development 

The dimension comprises the consideration of scientific knowledge as static or dynamic and 

susceptible to change. This is evident in the ongoing elaboration of acquired knowledge and its 

linkage to new understandings. The progression of knowledge can refer to an (additive) 

extension, a restructuration, as well as a contentual or qualitative change of knowledge. 

A naïve view is characterised by a view of knowledge as stable and static, and therefore 

as persistent and unalterable. The restructuring, revision and elaboration or intensification of 

knowledge by (individual) scientific endeavours, or over the (historic) course of time, are 

viewed as non-existent or unnecessary. Once acquired, knowledge is viewed as completed and 

fixed.  

A sophisticated perspective is characterised by a view of progression of knowledge, 

ideas and theories due to new understanding from scientific endeavours. New understanding, 

as well as new technologies and methods where applicable, forms a basis for new knowledge. 

Knowledge is therefore viewed as dynamic and developing. This also includes an awareness of 

further questions that currently cannot be answered. However, answering them in the future 

may require rethinking and adapting existing knowledge. Finally, science as a whole is subject 
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to an ongoing process of development and adaption, and is perceived as an evolving and 

persistently developing discipline.  

Justification 

The dimension comprises answers to the question of how knowledge in science emerges and 

how it is justified. The focus of this dimension (exemplarily) lies on the particular role 

experiments play in scientific inquiry in the scientific research context.  

A naïve view is characterised by the view that does not question the role of experiments 

as well as their underlying standards. The role of experiments for scientific inquiry and the 

justification of knowledge in the context of professional science is not recognised. Also, 

elements of fundamental standards for the discipline-specific, adequate conducting of 

experiments are regarded as unimportant.  

A sophisticated perspective is characterised by a view of experiments as one way (out 

of several possible ways) to explain things and, therefore, to attain and justify knowledge. Data 

obtained from experiments can support one’s own views and can be used to test claims with 

respect to their credibility. Furthermore, an awareness exists that the conducting of experiments 

must abide by particular standards to produce reliable data. The starting point and basis for 

experiments are theoretical considerations and ideas.  
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Voitle et al. (2022): Supplemental Material 2  
Translation of analogous pairs of items to comparatively assess 
epistemic beliefs related to professional and school science 

The study was conducted using the original German versions of these items. However, to allow 
international researchers to use the questionnaire as well, we translated our items into English. 
The translations provided here have been checked by a science education researcher, who is a 
native English speaker. 

Analogous phrases for transformation of items from one contexts to the other 
Phrases related to professional science Phrases related to classroom science 

• Scientists • (science) teachers 
• general phrase that includes all participants of 

lessons in school (“we”) 
personal phrase referring to the individual student 
(“I”) 

Scientific reference books 

 

Science textbooks 

In scientific research  (In) science class 

Scientific research content Science class content 

Over the course of time Over the course of my studies 

Please note: The substitution of scientists with teachers is done only in the dimension Source 
and for items 16 and 25 where another substitution is not reasonable. Substituting scientists 
with a phrase referring to the individual student is done solely for items in the dimension 
Development. For all other items, scientists are substituted with a general phrase that includes 
all participants of lessons in school. This is done because in the school science context science 
class content is often developed with the whole class and experiments in particular are 
commonly conducted by pairs or groups of students.  
Exceptions: Item 11: we changed the phrase „scientists know“ to „we learn“ to adequately 
consider the educational context in science class.  

Analogous items displayed with respect to the dimensions of epistemic beliefs 
Items with numbers printed in bold letters are included in calculations reported in the paper 

No.  Items related to professional science Items related to school science 

 Source 
1 Everything that scientists say in scientific 

research is true. 
Everything that teachers say in science 
class is true. 

2 
 

In science only scientists know exactly 
what is true. 

In science class only teachers know 
exactly what is true. 

3 You have to believe the things scientists 
say. 

You have to believe the things science 
teachers say. 

4 You have to believe the things scientific 
reference books say. 

You have to believe the things science 
textbooks say. 
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5 Everything  that scientific reference books 
say is true. 

Everything that science textbooks say is 
true. 

 Certainty 
6 In scientific research, all questions have 

exactly one correct answer. 
In science class, all questions have exactly 
one correct answer. 

7 Knowledge in scientific research is always 
true. 

Knowledge in science class is always true. 

8 Once scientists have a result of an 
experiment in scientific research, this is 
the only correct answer.  

Once we have a result of an experiment in 
science class, this is the only correct 
answer.  

9 The most important task in scientific 
research is to come up with the correct 
answer. 

The most important task in science class is 
to come up with the correct answer. 

10 In scientific research, scientists always 
agree about what is true. 

In science class, we always agree about 
what is true. 

11 Scientists know nearly everything about 
the scientific research content; there is not 
much more that they could find out. 

We learn nearly everything about the 
science class content; there is not much 
more that we could find out. 

 Development 
12 New understanding from scientific 

research can change what scientists think 
is true.   

New understanding from science class can 
change what I think is true.   

13 Scientists’ knowledge about science 
changes over the course of time.  

My knowledge about science changes 
over the course of my studies.  

14 Due to scientific research, scientists 
change their assessment of what is true.  

Due to science class, I change my 
assessment of what is true.  

15 Scientists’ knowledge about the scientific 
research content changes over the course 
of time. 

My knowledge about the science class 
content changes over the course of my 
studies. 

16 There are also scientific questions that 
scientists cannot answer.  

There are also scientific questions that 
teachers cannot answer.  

17 The content of scientific reference books 
changes due to new understanding.  

The content of science textbooks changes 
due to new understanding.  

 Justification 
18 In scientific research, scientists attain 

scientific explanations by answering their 
own questions and conducting 
experiments.  

In science class, we attain scientific 
explanations by answering our own 
questions and conducting experiments.  

19 In scientific research, it is important that 
scientists conduct experiments to test their 
assumptions. 

In science class, it is important that we 
conduct experiments to test our 
assumptions. 
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20 In scientific research, experiments are a 
good way for scientists to find out whether 
something is true.  

In science class, experiments are a good 
way for us to find out whether something 
is true.  

21 The idea to conduct an experiment in 
scientific research, stems from scientists 
being curious and thinking about the 
causes and effects of something. 

The idea to conduct an experiment in 
science class, stems from us being curious 
and thinking about the causes and effects 
of something. 

22 In scientific research, it is important that 
scientists conduct experiments more than 
once, to make sure of their results.  

In science class, it is important that we 
conduct experiments more than once, to 
make sure of our results.  

23 In scientific research, there can be more 
than one way to test scientists’ 
assumptions.  

In science class, there can be more than 
one way to test our assumptions.  

24 In scientific research, it is important that 
scientists’ explanations consider the 
results from several different experiments.  

In science class, it is important that my 
explanations consider the results from 
several different experiments.  

25 Good ideas in scientific research can come 
from everyone, not only from scientists. 

Good ideas in science class can come from 
everyone, not only from teachers. 

26 In scientific research, it is important that 
scientists state an assumption prior to an 
experiment because they test the 
assumption with the experiment.  

In science class, it is important that we 
state an assumption prior to an experiment 
because we test the assumption with the 
experiment.  
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Voitle et al. (2022): Supplemental Material 3  
Analoge Itempaare zur vergleichenden Erhebung schul- und 
wissenschaftsbezogener epistemischer Überzeugungen 

Analoge Formulierungen zur Transformation von Items von einem Kontext zum anderen  
Wissenschaftsbezogene Formulierungen Schulbezogene Formulierungen 

• (Natur-)Wissenschaftler/innen • Lehrkräfte (der Naturwissenschaften)  
• allgemeine Formulierung, alle Akteure des 

Naturwissenschaftlichen Unterrichts umfassend 
(„wir“) 

• persönliche Formulierung die sich auf die 
einzelne Schülerin oder den einzelnen Schüler 
persönlich bezieht („ich“) 

Naturwissenschaftliche Fachbücher Naturwissenschaftliche Schulbücher  

(In der) naturwissenschaftlichen Forschung (Im) naturwissenschaftlichen Unterricht 

Naturwissenschaftliche Forschungsinhalte Naturwissenschaftliche Unterrichtsinhalte 

Im Laufe der Zeit Im Laufe der Schulzeit 

Anmerkungen: Ersetzung von Wissenschaftler/innen durch Lehrkräfte nur in der Dimension 
Quelle und bei den Items 16 und 25 wo eine andere Ersetzung keinen Sinn ergeben würde. 
Ersetzung von Wissenschaftler/innen durch eine Formulierung die sich auf den Schüler oder 
die Schülerin persönlich bezieht erfolgt nur in der Dimension Entwicklung. Ansonsten wird 
diese Formulierung immer durch eine allgemeine Formulierung ersetzt, da im schulischen 
Kontext Unterrichtsinhalte häufig im Plenum erarbeitet werden und Schülerinnen und Schüler 
insbesondere beim Durchführen von Experimenten häufig zusammenarbeiten.  
Besonderheiten: Item 11: aus „Naturwissenschaftler wissen“ wird „wir lernen“ um den 
Bildungskontext im Schulunterricht angemessen zu berücksichtigen.  

Analoge Items sortiert nach Dimensionen 
Fettgedruckte Item-Nummern zeigen in den finalen Skalen enthaltene Items an 

Nr.  Wissenschaftsbezogene Items Schulbezogene Items 
 Quelle 

1 Alles was Wissenschaftler/innen in der 
naturwissenschaftlichen Forschung sagen, 
trifft zu. 

Alles was Lehrkräfte im 
naturwissenschaftlichen Unterricht sagen, 
trifft zu. 

2 
 

In der naturwissenschaftlichen Forschung 
wissen nur Wissenschaftler/innen genau, 
was wahr ist.  

Im naturwissenschaftlichen Unterricht 
wissen nur Lehrkräfte genau, was wahr ist. 

3 Man muss den Aussagen von 
Naturwissenschaftler/innen glauben.  

Man muss den Aussagen von Lehrkräften 
der Naturwissenschaften glauben. 

4 Man muss den Aussagen in 
naturwissenschaftlichen Fachbüchern 
glauben. 

Man muss den Aussagen in 
naturwissenschaftlichen Schulbüchern 
glauben. 
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5 Alles was in naturwissenschaftlichen 
Fachbüchern geschrieben steht, trifft zu. 

Alles was in naturwissenschaftlichen 
Schulbüchern geschrieben steht, trifft zu. 

 Sicherheit 
6 In der naturwissenschaftlichen Forschung 

haben alle Fragen genau eine richtige 
Lösung. 

Im naturwissenschaftlichen Unterricht 
haben alle Fragen genau eine richtige 
Lösung. 

7 Wissen aus der naturwissenschaftlichen 
Forschung ist stets wahr. 

Wissen aus dem naturwissenschaftlichen 
Unterricht ist stets wahr. 

8 Wenn Wissenschaftler/innen in der 
naturwissenschaftlichen Forschung 
einmal das Ergebnis eines Experiments 
haben, ist das auch die einzig richtige 
Antwort.  

Wenn wir im naturwissenschaftlichen 
Unterricht einmal das Ergebnis eines 
Experiments haben, ist das auch die einzig 
richtige Antwort.  

9 Die wichtigste Aufgabe in der 
naturwissenschaftlichen Forschung ist es, 
die richtige Antwort zu finden. 

Die wichtigste Aufgabe im 
naturwissenschaftlichen Unterricht ist es, 
die richtige Antwort zu finden. 

10 In der naturwissenschaftlichen Forschung 
sind sich Wissenschaftler/innen stets 
einig, was wahr ist. 

Im naturwissenschaftlichen Unterricht 
sind wir uns  stets einig, was wahr ist. 

11 In der naturwissenschaftlichen Forschung 
wissen Wissenschaftler/innen beinahe 
alles über die Forschungsinhalte; es gibt 
nicht mehr viel, was sie dazu herausfinden 
könnten. 

Im naturwissenschaftlichen Unterricht 
lernen wir  beinahe alles zu den 
Unterrichtsinhalten; es gibt nicht mehr 
viel, was wir dazu herausfinden könnten. 

 Entwicklung 
12 Neue Erkenntnisse aus der 

naturwissenschaftlichen Forschung 
können verändern, was 
Wissenschaftler/innen denken, was wahr 
ist. 

Neue Erkenntnisse aus dem 
naturwissenschaftlichen Unterricht 
können verändern, was ich denke, was 
wahr ist. 

13 Das Wissen der Wissenschaftler/innen zu 
den Naturwissenschaften verändert sich 
im Laufe der Zeit. 

Mein Wissen zu den Naturwissenschaften 
verändert sich im Laufe der Schulzeit.  

14 Durch naturwissenschaftliche Forschung 
ändern Wissenschaftler/innen ihre 
Einschätzung dazu, was wahr ist. 

Durch den naturwissenschaftlichen 
Unterricht ändere ich meine Einschätzung 
dazu, was wahr ist. 

15 Das Wissen der 
Naturwissenschaftler/innen zu den 
naturwissenschaftlichen 
Forschungsinhalten verändert sich im 
Laufe der Zeit. 

Mein Wissen zu den 
naturwissenschaftlichen 
Unterrichtsinhalten verändert sich im 
Laufe der Schulzeit.  

16 Es gibt naturwissenschaftliche Fragen, die 
auch Wissenschaftler/innen nicht 
beantworten können. 

Es gibt naturwissenschaftliche Fragen, die 
auch Lehrkräfte nicht beantworten 
können. 
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17 Die Inhalte in naturwissenschaftlichen 
Fachbüchern verändern sich durch neue 
Erkenntnisse. 

Die Inhalte in naturwissenschaftlichen 
Schulbüchern verändern sich durch neue 
Erkenntnisse. 

 Rechtfertigung 
18 In der naturwissenschaftlichen Forschung 

gelangen Wissenschaftler/innen durch die 
Beantwortung ihrer eigenen Fragen und 
die Durchführung von Experimenten zu 
naturwissenschaftlichen Erklärungen. 

Im naturwissenschaftlichen Unterricht 
gelangen wir durch die Beantwortung 
unserer eigenen Fragen und die 
Durchführung von Experimenten zu 
naturwissenschaftlichen Erklärungen.    

19 In der naturwissenschaftlichen Forschung 
ist es wichtig, dass Wissenschaftler/innen 
Experimente durchführen um ihre 
Vermutungen zu überprüfen. 

Im naturwissenschaftlichen Unterricht ist 
es wichtig, dass wir Experimente 
durchzuführen um unsere Vermutungen 
zu überprüfen.  

20 In der naturwissenschaftlichen Forschung 
ist ein Experiment ein guter Weg, damit 
Wissenschaftler/innen herausfinden 
können, ob etwas wahr ist.  

Im naturwissenschaftlichen Unterricht ist 
ein Experiment ein guter Weg, damit wir 
herausfinden können, ob etwas wahr ist. 

21 Die Idee, ein Experiment in der 
naturwissenschaftlichen Forschung 
durchzuführen, kommt daher, dass 
Wissenschaftler/innen neugierig sind und 
über die Ursachen oder Wirkungen von 
etwas nachdenken. 

Die Idee, ein Experiment im 
naturwissenschaftlichen Unterricht 
durchzuführen, kommt daher, dass wir 
neugierig sind und über die Ursachen oder 
Wirkungen von etwas nachdenken. 

22 In der naturwissenschaftlichen Forschung 
ist es wichtig, dass 
Naturwissenschaftler/innen Experimente 
mehr als einmal durchführen, um ihre die 
Ergebnisse abzusichern. 

Im naturwissenschaftlichen Unterricht ist 
es wichtig, dass wir Experimente mehr als 
einmal durchführen, um unsere 
Ergebnisse abzusichern. 

23 In der naturwissenschaftlichen Forschung 
kann es mehr als einen Weg geben, um die 
Annahmen von Wissenschaftlern/innen zu 
prüfen. 

Im naturwissenschaftlichen Unterricht 
kann es mehr als einen Weg geben, um 
unsere  Annahmen zu prüfen. 

24 In der naturwissenschaftlichen Forschung 
ist es wichtig, dass Wissenschaftler/innen 
in ihren Erklärungen die Ergebnisse aus 
mehreren verschiedenen Experimenten 
berücksichtigen. 

Im naturwissenschaftlichen Unterricht ist 
es wichtig, dass meine Erklärungen die 
Ergebnisse aus mehreren verschiedenen 
Experimenten berücksichtigen.  

25 Gute Ideen in der naturwissenschaftlichen 
Forschung können von jedem kommen, 
nicht nur von Wissenschaftler/innen. 

Gute Ideen im naturwissenschaftlichen 
Unterricht können von jedem kommen, 
nicht nur von Lehrkräften. 

26 In der naturwissenschaftlichen Forschung 
ist es wichtig, dass Wissenschaftler/innen 
vor einem Experiment eine Vermutung 
aufstellen, weil sie mit dem Experiment 
die Vermutung überprüfen.  

Im naturwissenschaftlichen Unterricht ist 
es wichtig, dass wir vor einem Experiment 
eine Vermutung aufstellen, weil wir mit 
dem Experiment die Vermutung 
überprüfen.  
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Voitle et al. (2022): Supplemental Material 4  
Explanations for item omissions 

No. Item related to school 
science 

Item related to 
professional science 

Reasons for omission of items related to school science Reasons for omission of items related to professional science 

3 You have to believe the 
things science teachers 
say. 

You have to believe the 
things scientists say. 

Omitted as students’ interpretations of the item were not in line with the 
definition of the dimension. 

Interviews with students revealed that some students referred to opinions 
rather than knowledge in their answers “Everybody is entitled to their own 
opinion” 

Omitted due to pairwise exclusion. 

4 You have to believe the 
things science textbooks 
say. 

You have to believe the 
things scientific reference 
books say. 

Omitted as students’ interpretations of the item were not in line with the 
definition of the dimension. 

Interviews with students revealed that some students referred to opinions 
rather than knowledge in their answers “Even though it is a textbook and in 
theory it has to be true, it is possible for everyone to have their own perspective 
or opinion” 

Omitted due to pairwise exclusion. 

7 Knowledge in science 
class is always true. 

Knowledge in scientific 
research is always true. 

Omitted due to students’ explanations targeting other dimension than 
Certainty. 

Students’ explanations of their answers intended references to the dimension 
Development instead of Certainty. That is, the word “always” triggered 
students to refer to time-related changes of what is considered true. Rather 
than referring to the unity of answers given to a question and considered as 
correct, students argued that new research findings might change what is 
considered true in the future.  

Omitted due to pairwise exclusion. 

8 Once we have a result of 
an experiment in science 
class, this is the only 
correct answer.  

Once scientists have a 
result of an experiment in 
scientific research, this is 
the only correct answer.  

Omitted due to pairwise exclusion. Omitted due to review of modification indices that suggested 
the intercorrelation with item from dimension Source. 

9 The most important task 
in science class is to 
come up with the correct 
answer. 

The most important task 
in scientific research is to 
come up with the correct 
answer. 

Omitted due to pairwise exclusion and students’ interpretations differing from 
focus of the dimension. 

Interviews with students revealed that interpretations of the item were not 
always in line with the definition of the dimension, as some students referred 
to ”the most important task” rather than focusing on as to whether the answer 
had to be right. 

Omitted as factor loading was below 0.4 
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Voitle et al. (2022): Supplemental 4 Table continued 
No. Item related to school 

science 
Item related to 
professional science 

Reasons for omission of items related to school science Reasons for omission of items related to professional science 

13 My knowledge about 
science changes over the 
course of my studies.  

Scientists’ knowledge 
about science changes 
over the course of time.  

Omitted as item was criticized by expert panel to exceed the scope of school 
science.  

Omitted due to pairwise exclusion. 

16 There are also scientific 
questions that teachers 
cannot answer.  

There are also scientific 
questions that scientists 
cannot answer.  

Omitted as factor loading was below 0.4 and expert panel showed this item to 
be ambiguous regarding the targeted dimension. 

Omitted due to pairwise exclusion. 

17 The content of science 
textbooks changes due 
to new understanding.  

The content of scientific 
reference books changes 
due to new 
understanding.  

Omitted as factor loading was below 0.4 and expert panel showed this item to 
be ambiguous regarding the targeted dimension. 

Omitted due to pairwise exclusion. 

22 In science class, it is 
important that we 
conduct experiments 
more than once, to make 
sure of our results.  

In scientific research, it is 
important that scientists 
conduct experiments 
more than once, to make 
sure of their results.  

EFA with items for Justification showed items 22 - 25 to load on a second factor. 
The second factor was omitted, as the reference to school science was limited 
and students’ explanations targeted dimensions other than Justification. 
Students explaining their answers referred to professional science instead of 
school science. This might be due to students not being likely to actually 
experience the described actions in school science. 

For items 22 and 23 students’ explanations of their answers also intended 
references to the dimensions Certainty and Development instead of 
Justification.  

Omitted due to pairwise exclusion. 

23 In science class, there 
can be more than one 
way to test our 
assumptions.  

In scientific research, 
there can be more than 
one way to test scientists’ 
assumptions.  

24 In science class, it is 
important that my 
explanations consider 
the results from several 
different experiments.  

In scientific research, it is 
important that scientists’ 
explanations consider the 
results from several 
different experiments.  

25 Good ideas in science 
class can come from 
everyone, not only from 
teachers. 

Good ideas in scientific 
research can come from 
everyone, not only from 
scientists. 

26 In science class, it is 
important that we state 
an assumption prior to 
an experiment because 
we test the assumption 
with the experiment.  

In scientific research, it is 
important that scientists 
state an assumption prior 
to an experiment because 
they test the assumption 
with the experiment.  

Omitted due to pairwise exclusion. Omitted due to review of modification indices that suggested 
the additional loading on another factor and intercorrelation 
with items from other dimensions. 
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Voitle et al. (2022): Supplemental Material 5 
Intercorrelations between the epistemic beliefs scales 

 
Table: Intercorrelations between the Epistemic Beliefs scales 

Dimension of EBs 1. 2. 3. 4. 5. 6. 7. 8. 

1. Sourcea –        

2. Certaintya .59*** –       

3. Developmenta -.09 -.02 –      

4. Justificationa -.16** -.14** .36*** –     

5. Sourceb .64*** .51*** -.06 -.12* –    

6. Certaintyb .50*** .61*** .02 -.14** .64*** –   

7. Developmentb -.03 .04 .41*** .15** .01 .18*** –  

8. Justificationb -.15** -.10 .31*** .39*** -.11* .05 .56*** – 

Note. a: related to the context of school science; b: related to the context of professional science. 

*p<0.05; **p<0.01; ***p<0.001. 
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Voitle et al. (2022): Supplemental Material 6 
Overview of the competing models 

Note. Errors of analogous items were correlated for each item pair. However, correlations between errors, error terms and variances of the latent variables are not 
shown to avoid overloading the figures. 

First-order models 
 

Model A Model B 
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Second-order models  

Model C Model D 

  
Model E  
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Third-order models  

Model F Model G 
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