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ABSTRACT

Fostering students’ interest in physics is a crucial part of physics education. Past empirical studies
mainly described students’ interest in physics in terms of categories of interesting content and contexts
and focused on differences between female and male students. One important past empirical study,
the IPN interest study, introduced students’ types of interest in physics. Yet, past studies did not include
modern physics content areas, such as particle physics. Moreover, the IPN study did not describe how
interesting different contexts are relative to each other within the students’ different types of interest.
In addition, other student characteristics, such as physics-related self-concept, are rarely the focus of
research. Therefore, physics education research is faced with three important questions, namely
(1) into which different types of interest in physics can students be categorised while additionally con-
sidering particle physics as a modern physics content area, (2) how interesting are different contexts
within these interest types, and (3) are the interest types described better focussing on physics-related
self-concept as student characteristics compared to sex. This doctoral research project set up to provide
evidence for answering these three questions by conducting two studies on physics education.

In the first study an instrument to measure students’ particle physics interest (IPPl) was developed,
since studies on the relationship between interest and other aspects of education, such as achievement
and self-concept, require the use of psychometrically sound measurement instruments. Using the find-
ings of past empirical research, interest in particle physics was defined and behaviours that correspond
to being interested in particle physics were identified. Based on these definitions, a conceptualisation
of students’ interest in particle physics as a hierarchy of levels of interest in particle physics was pro-
posed. Then, the IPPI was developed using rating scale items that assessed different degrees of being
interested in particle physics. A novel approach was suggested and applied to conducting a Rasch anal-
ysis for selecting items from an initial item pool in a clear, stepwise, and reproducible way. The IPPI was
tested in student think-aloud interviews and validated in a field test with 99 German-speaking grade 9
students. Evidence supporting the content, construct, statistical, and fit validity of the IPPl was provided
by a Rasch analysis. Based on the item hierarchy revealed by the Rasch analysis the hypothesised hier-
archy of students’ levels of interest in particle physics was revised. Each level could be associated with
different contexts of particle physics. For example, it was found that students at a certain level of inter-
est (so-called ‘open interest’) were interested in particle physics when it was set in an everyday life
context. Overall, this first study led to the successful development of the IPPI and the conceptualisation
of students’ interest in particle physics as a hierarchy of levels of interest in particle physics.

Second, the main study was conducted, a cross-cohort study with German-speaking students aged 14
to 16 years (N = 1219). Students’ interest in mechanics and particle physics was assessed using the
instrument to measure mechanics interest from the IPN study and the IPPI. In addition, different stu-
dent characteristics, such as their physics-related self-concept, sex, and previous experience with the
content areas in school, were assessed. The main aim of this study was to investigate students’ types
of interest in physics and their association with different student characteristics. For mechanics, the
influence of the introductory text was also analysed by randomly assigning the students to two different
versions of the questionnaire. The collected data on students’ interest and self-concept, was analysed
using mixed Rasch models to unveil qualitative differences in the assessed constructs between different
groups of students. Moreover, when interpreting the results of the mixed Rasch analyses, differential
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item functioning as well as students’ response styles were considered. The main study showed that
most students can be categorised into one single type of interest in both content areas (86% of the
students in mechanics and 79% of the students in particle physics, respectively). For both content areas,
students of this first interest type are only interested in physics content set in certain contexts, for
example, the context ‘one’s own body’. For mechanics, the second type of interest comprises students
who are relatively more interested in physics relating to the motion of cars (14% of the students); and
for particle physics, the second type of interest was referred to as the ‘particle physics lovers’ reflecting
their relatively higher interest in particle physics as a content area and as a scientific endeavour (21%
of the students). It was found that whether students belong to one or the other type of interest in both
content areas can best be described with a model comprising their degree of physics-related self-con-
cept and their sex. The conceptualisation of interest as a hierarchy of students’ levels of interest, origi-
nally introduced for particle physics only in the first study, was successfully applied to describe the
relative interestingness of different contexts for the first type of interest (i.e. the vast majority of stu-
dents) in both content areas. Hence, the conceptualisation was suggested as a guideline for physics in
general and renamed ‘hierarchy of students’ levels of interest in physics’ (HOLIP). The study also
showed that previous experience in school with mechanics and particle physics, respectively, is corre-
lated with students’ interest in this particular content area for the first type of interest. Finally, it
showed that there was no significant difference in students’ degree of interest in mechanics associated
with the use of different versions of the introductory text on mechanics.

In sum, the doctoral research project led to the successful development of the IPPI (instrument to
measure students’ particle physics interest). It showed that most students can be categorised into one
single type of interest in physics and that their interest can be described using the HOLIP (hierarchy of
levels of interest in physics). Moreover, it showed that the interest types can be described best using
models that include physics-related self-concept in addition to sex. The results of this doctoral research
project have implications for both physics education and physics education research. Educators, such
as teachers, can use the HOLIP as a tool to develop learning activities that are interesting for students
with different degrees of interest in physics and physics-related self-concept. For physics education
research the first study suggests a novel approach to conducting a Rasch analysis for selecting items
from an initial item pool in a clear, stepwise, and reproducible way. The main study supports conducting
a mixed Rasch analysis to unveil qualitative differences in an assessed construct, such as interest and
self-concept, between different groups of students. Moreover, it provides a strong case for considering
differential item functioning as well as the students’ response styles when interpreting the results of a
mixed Rasch analysis.



Zusammenfassung | iii

ZUSAMMENFASSUNG

Das Interesse von Schiler*innen an Physik zu fordern ist ein wesentlicher Bestandteil des Physikunter-
richts. Frihere empirische Studien haben das Interesse der Schiiler*innen an Physik hauptsachlich in
Form von Kategorien interessanter Inhalte und Kontexte beschrieben und sich auf Unterschiede zwi-
schen weiblichen und méannlichen Schiiler*innen konzentriert. Eine wichtige Studie, die IPN Interessen-
studie Physik, fihrte die Interessentypen der Schiler*innen an Physik ein. Frihere Studien berlcksich-
tigen jedoch keine Inhaltsbereiche der modernen Physik, wie beispielsweise die Teilchenphysik. AulRer-
dem wurde in der IPN-Studie nicht beschrieben, wie interessant verschiedene Kontexte relativ zueinan-
der fur die verschiedenen Interessentypen der Schiler*innen sind. Darlber hinaus stehen andere Schi-
ler*innenmerkmale, wie beispielsweise das physikbezogene Selbstkonzept, selten im Mittelpunkt der
Forschung. Fir die physikdidaktische Forschung stellen sich daher drei wichtige Fragen: In welche ver-
schiedenen Interessentypen lassen sich Schiler*innen einteilen, wenn zusétzlich Teilchenphysik als In-
haltsbereich der modernen Physik bericksichtigt wird? Wie interessant sind verschiedene Kontexte re-
lativ zueinander innerhalb dieser Interessentypen? Und lassen sich die Interessentypen besser be-
schreiben, wenn man auf das physikbezogene Selbstkonzept als Schiler*innenmerkmal anstelle des
Geschlechts fokussiert? Im Rahmen dieses Promotionsprojekts wurden zwei physikdidaktische Studien
durchgefihrt, um diese drei Fragen beantworten zu kénnen.

In der ersten Studie wurde ein Messinstrument fur Interesse an Teilchenphysik (Instrument to measure
Particle Physics Interest, IPPl) entwickelt, da Studien Uber den Zusammenhang zwischen Interesse und
anderen Bildungsaspekten, wie etwa Leistung und Selbstkonzept, den Einsatz psychometrisch fundier-
ter Messinstrumente erfordern. Basierend auf den Ergebnissen friiherer empirischer Studien wurden
das Interesse an Teilchenphysik und Verhaltensweisen definiert, die verschiedenen Graden von Inte-
resse an Teilchenphysik entsprechen. Darauf aufbauend wurde eine Konzeptualisierung des Interesses
von Schiler*innen an Teilchenphysik in Form einer Hierarchie von Interessensstufen vorgeschlagen.
Anschliefend wurde das IPPI entwickelt, bestehend aus 11 Rating Scale-Items, die verschiedene Grade
des latenten Merkmals , Interesse an Teilchenphysik” messen. Es wurde eine neue, schrittweise und
reproduzierbare Methode vorgeschlagen und angewandt, um mithilfe einer Rasch-Analyse ltems aus
einem anfdnglichen Item-Pool auszuwahlen. Das IPPI wurde zuerst in Interviews mit der Methode , Lau-
tes Denken” getestet und danach in einem Feldtest mit 99 deutschsprachigen Schiler*innen der
9. Schulstufe validiert. Eine Rasch-Analyse erbrachte Evidenzen fir die Inhalts-, Konstrukt-, statistische
und Fitvaliditat des IPPI. Basierend auf der Item-Hierarchie, die aus der Rasch-Analyse resultierte,
wurde die vorgeschlagene Konzeptualisierung des Interesses von Schiler*innen an Teilchenphysik in
Form einer Hierarchie von Interessensstufen tUberarbeitet. Insbesondere konnte jede Interessensstufe
mit bestimmten Kontexten der Teilchenphysik assoziiert werden. So wurde beispielsweise gezeigt, dass
Schiler*innen auf der Stufe des offenen Interesses an Teilchenphysik interessiert sind, wenn sie in All-
tagskontexten prasentiert wird. Insgesamt fiihrte diese erste Studie zur erfolgreichen Entwicklung des
IPPI und zur Konzeptualisierung des Interesses von Schiler*innen an Teilchenphysik in Form einer Hie-
rarchie von Interessensstufen.

Danach konnte die Hauptstudie, eine Kohortenquerschnittsstudie mit deutschsprachigen Schiler*in-
nen im Alter von 14 bis 16 Jahren (N = 1219), durchgefihrt werden. Das Interesse der Schiler*innen
an Mechanik und Teilchenphysik wurde mit dem Messinstrument fiir Interesse an Mechanik aus der
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IPN-Studie und dem IPPI erfasst. Dartiber hinaus wurden verschiedene Schiler*innenmerkmale, wie
etwa das physikbezogene Selbstkonzept, das Geschlecht und die Erfahrung mit dem Inhaltsbereich in
der Schule, gemessen. Das Hauptziel dieser Studie war es, die Interessenstypen der Schiler*innen an
Physik und ihre Assoziierung mit verschiedenen Schiiler*innenmerkmalen zu untersuchen. Fir die Me-
chanik wurde auch der Einfluss des Einfihrungstextes analysiert, indem die Schiler*innen zufallig zwei
verschiedenen Versionen des Fragebogens zugeordnet wurden. Die erhobenen Daten zum Interesse
und Selbstkonzept der Schiler*innen wurden mit Mixed Rasch-Modellen analysiert, um qualitative Un-
terschiede in den gemessenen Konstrukten zwischen verschiedenen Gruppen von Schiler*innen auf-
zudecken. AuRerdem wurden beim Interpretieren der Ergebnisse der Mixed Rasch-Analyse Differential
Item Functioning und das Antwortverhalten der Schiler*innen bertcksichtigt. Die Hauptstudie zeigte,
dass die meisten Schiler*innen in beiden Inhaltsbereichen einem einzigen Interessentyp zugeordnet
werden kénnen (86 % der Schiler*innen in Mechanik bzw. 79 % der Schiler*innen in Teilchenphysik).
Schiler*innen dieses Interessenstyps waren nur an Physik in den bestimmten Kontexten interessiert.
Schiler*innen, die an der Physik der Bewegung von Fahrzeugen interessiert sind, formten den zweiten
Typ des Interesses an Mechanik (14 % der Schiler*innen). Der zweite Typ des Interesses an Teilchen-
physik wurde als , Teilchenphysikliebhaber*innen” bezeichnet, um ihr Interesse an Teilchenphysik als
Inhaltsbereich und als Forschungsdisziplin widerzuspiegeln (21 % der Schiler*innen). Fir beide Inhalts-
bereiche konnte am besten beschrieben werden, zu welchem Interessentyp Schiler*innen gehoren,
mit einem Modell, das sowohl den Grad des physikbezogenen Selbstkonzepts als auch das Geschlecht
der Schiler*innen umfasst. Um zu beschreiben, wie interessant verschiedene Kontexte relativ zueinan-
der fir den ersten Interessentyp der Schiiler*innen (d.h. fir die meisten Schiler*innen in Mechanik
und Teilchenphysik) sind, konnte die Konzeptualisierung des Interesses in Form einer Hierarchie von
Interessenstufen der Schiiler*innen angewandt werden, obwohl sie in der ersten Studie urspriinglich
nur fur Teilchenphysik entwickelt worden war. Deshalb wurde die Konzeptualisierung des Interesses
von Schiler*innen in Form einer Hierarchie von Interessensstufen als Empfehlung fir Physik im Allge-
meinen vorgeschlagen (hierarchy of levels of interest in physics, HOLIP). Die Studie zeigte auch, dass die
Erfahrung mit dem Inhaltsbereich in der Schule und das Interesse der Schiler*innen an diesem Inhalts-
bereich flir den ersten Interessentyp von Schiler*innen korrelieren. AuRerdem gab es keinen signifi-
kanten Unterschied im Grad des Interesses der Schiler*innen an Mechanik, der mit dem Einsatz von
verschiedenen Versionen des Einflihrungstextes zur Mechanik zusammenhing.

Insgesamt flhrte das Promotionsprojekt zur erfolgreichen Entwicklung des Messinstruments fur Inte-
resse an Teilchenphysik (Instrument to measure Particle Physics Interest, IPPI). Es wurde gezeigt, dass
die meisten Schiler*innen einem einzigen Interessentyp an Physik zugeordnet werden kénnen und
dass das Interesse dieser Schiler*innen mit der Konzeptualisierung des Interesses an Physik in Form
einer Hierarchie von Interessensstufen (hierarchy of levels of interest in physics, HOLIP) beschrieben
werden kann. AuRerdem wurde gezeigt, dass die Interessentypen am besten mit Modellen charakteri-
siert werden kénnen, die das physikbezogene Selbstkonzept zusatzlich zum Geschlecht beinhalten. Die
Ergebnisse dieses Promotionsprojekts haben Implikationen sowohl fir den Physikunterricht als auch
flr die physikdidaktische Forschung. Pddagogen, wie beispielsweise Lehrer*innen, kdnnen die Konzep-
tualisierung des Interesses (HOLIP) als Tool nutzen, um Lernaktivitdten zu entwickeln, die fir Schi-
ler*innen mit unterschiedlichen Graden von Interesse und physikbezogenem Selbstkonzept interessant
sind. Fur die physikdidaktische Forschung schldgt die erste Studie eine neue, schrittweise und reprodu-
zierbare Methode vor, um Items aus einem anfanglichen Item-Pool mithilfe einer Rasch-Analyse auszu-
wdhlen. Die Hauptstudie schlagt vor, eine Mixed Rasch-Analyse zu verwenden, um qualitative
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Unterschiede in einem gemessenen Konstrukt, wie beispielsweise Interesse und Selbstkonzept, zwi-
schen verschiedenen Gruppen von Schiller*innen aufzudecken, sowie Differential Item Functioning und
das Antwortverhalten der Schiler*innen beim Interpretieren der Ergebnisse einer Mixed Rasch-Ana-

lyse zu bericksichtigen.
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1. INTRODUCTION

Physics became an interesting subject for me from grade 7 on. | liked questioning, describing,
and understanding natural phenomena and daily life objects. | found physics as a subject to be different
than the others which added to its interestingness for me. Yet, according to past empirical research my
experience is rather the exception than the rule as most studies agree that physics as a subject is less
interesting for students than most others (e.g. Galton, 2009; HauRler, Lehrke et al., 1998; Osborne et
al., 2003). When it comes to physics as a scientific domain, past empirical studies show that the stu-
dents’ interest is low compared to other sciences such as chemistry and biology (Haulller, Lehrke et al.,
1998; OECD, 2016). Moreover, students’ interest in physics decreases over time despite various efforts
invested by educators in making learning activities more interesting (Galton, 2009; HauRler, Lehrke, et
al., 1998; Osborne et al., 2003). In general, students’ interest in physics differs across a) content, for
example, pumps; b) contexts, for example, biological; c) tasks, for example, hands-on activities; and d)
learning environments, for example, a science centre (e.g. Blankenburg et al., 2016; Dierks et al., 2016;
Hauliler, Lehrke, et al., 1998; OECD, 20073, 2016; Sjgberg & Schreiner, 2012). The context of a learning
activity is more important than its content, task, or learning environment when fostering interest in
physics (HauBler, Lehrke, et al., 1998; Sjgberg & Schreiner, 2012). In addition to examining the four
different aspects of physics listed above, education researchers have examined student characteristics
that correlate with their interest in physics, such as age, gender, achievement, and physics-related self-
concept (e.g. Cheung, 2017; Hauller, Hoffmann, et al., 1998; HauRler, Lehrke, et al., 1998; Kalender et
al., 2019a; Lavonen et al., 2021; Nuutila et al., 2020; OECD, 200743, 2016; Sjgberg & Schreiner, 2012).

In sum, students’ interest in physics has been the focus of many education research projects.
Moreover, fostering interest in physics is a key component in national and international physics educa-
tion standards (National Research Council, 2013; OECD, 2017). There are several reasons for the key
role of students’ interest for physics education. One reason related to educational practice is that in-
terest enhances persistence and achievement while engaging with an object (de Barba et al., 2016;
Kauertz & Fischer, 2006; Nuutila et al., 2020). One reason related to society as a political entity is that
today’s society needs scientifically literate citizens to be able to make educated and critical decisions in
life considering, for example, ecological and social problems related to climate change (Osborne & Col-
lins, 2001). Students’ interest in science has been included in definitions and discussions about scientific
literacy (Bybee & McCrae, 2011; OECD, 2006). One reason related to society as an economic entity is
that an increasing number of jobs related to physics is facing a decreasing number of students aspiring
a career in physics (Voss et al., 2019; Bge et al., 2011; OECD, 2008). Students’ interest in physics has
been argued and found to be crucial for their course and career choices (e.g. Ainley & Ainley, 2011;
Bandura, 1986; Fouad & Smith, 1996; Fouad et al., 2002; Lent et al., 1994, 1999; Maltese & Tai, 2011;
Tyson et al., 2007).

Hence, there is a strong educational, political and economic interest in fostering students’ in-
terest in physics. Many of the physics education research projects focus on the lack of females who are
interested in physics, related courses and careers. Previous research suggests that students’ career as-
pirations are influenced by role models and that women may benefit from female role models (Das-
gupta & Asgari, 2004; Young et al., 2013). Across Europe there is an unequal distribution of women and
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men across different domains (Cross and Bagilhole, 2002; Eurofound and European Commission Joint
Research Centre, 2021; European Commission, 2000).*

Focusing on the concentration of women and men in (stereo)typically different domains, one
might overlook that there are some women and men who are working in an un(stereo)typical domain.
Traditionally, sex or gender is considered as a decisive characteristic when conducting analyses in phys-
ics education research projects. It is rather easy to assess sex or gender since it requires only one item.
Analyses, such as differential item functioning, based on sex or gender are well established. This focus
on sex neglects other student characteristics (e.g. physics-related self-concept) that might be better
suited at describing students’ traits, such as their interest in physics or related course and career
choices. Moreover, a focus on sex differences in students’ traits might suggest and foster the common
misconception of fundamental neurological differences between the sexes (Rippon, 2019). Considering
the women and men who are interested in un(stereo)typical domains, related courses and careers, the
guestion arises whether it is not the sex or gender itself that is the most decisive characteristic of a
person. Based on a review of 46 meta-analyses, Hyde (2005) proposed the ‘Gender similarities hypoth-
esis’ stating that women and men mainly are similar from a psychological perspective. The ‘Gender
similarities hypothesis’ questions gender as a relevant variable in social sciences. Hence, Lindqvist et al.
(2021) suggest an operationalisation of gender (also comprising sex) and recommend that researchers
carefully reflect which aspects of gender are important to their research question. Concerning students’
course and career choices, past empirical research indeed points towards other student characteristics,
such as self-concept, self-efficacy or perceived recognition, which might be more important than sex
or other aspects of gender (e.g. Kalender et al., 2019a, 2019b, 2020; Marshman et al., 2018a, 2018b).

This doctoral thesis presents the findings from my research into interesting contents and con-
texts in physics education while considering different student characteristics. First, | conducted a liter-
ature review to get an overview of this research area. My attention got caught by the ‘IPN Inter-
essensstudie Physik’ conducted by the Leibniz Institute for Science and Mathematics Education (IPN) at
the University of Kiel (HauRler, 1987; HauRler et al., 1996; HauRler, Hoffmann et al., 1998; Hauller,
Lehrke et al., 1998; HauBler & Hoffmann, 2000; Langeheine et al., 2001; Rost et al., 1999; Sievers, 1999).
The IPN study investigated students’ interest in physics while considering different aspects of physics
(e.g. context) and different student characteristics (e.g. physics-related self-concept). In this study, stu-
dents’ specific interest profiles and characteristics were used to categorise them into different types of
interest (HauBler, Lehrke, et al., 1998). Different types means that the students have qualitatively dif-
ferent interest profiles, and within each type, the students have similar interest profiles but different
degrees of interest. It found that students who are generally and highly interested in the broad field of
physics differed in their interest profiles and characteristics from those who were highly interested in
physics when it was set in contexts related to humans and nature, applications, and society (Sievers,
1999). However, it was not described how interesting different contexts are relative to each other
within the students’ different types of interest. The interest types were described focusing on the stu-
dents’ sex although the results of the IPN study show that the students’ physics-related self-concept
describes the distribution of students across the different interest types better. In later publications of
the IPN sudy that were based on a re-analysis of the data the description of these three interest types

1 For example, there also is a lack of males interested in the (stereo)typically female domains, such as education
(Martino, 2008). The effect of male role models in education has been discussed, for example, by Martino
(2008).
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was different than the originally published ones. Moreover, although more recent research projects
(e.g. Drechsel et al., 2011; Levrini et al., 2017) have also distinguished everyday life contexts from oth-
ers, such as purely scientific contexts, the findings of the IPN study have not been refined or verified in
a follow-up study. Past empirical research on interest in physics has not covered modern physics con-
tent areas, such as particle physics. Modern physics content areas are already included in international
physics curricula, such as the International Baccalaureate Physics curriculum, and in several national
curricula, such as the Austrian, Italian, and Norwegian (Mullis et al, 2016; Austrian federal law consoli-
dated, 2022). Thus, analysing students’ interest in these content areas set in different contexts is of
crucial educational significance. Hence, the main motivation for my doctoral research project was to
investigate types of interest of today’s students while comparing a classical and a modern physics con-
tent area and considering different student characteristics. My doctoral research project aims to pro-
vide evidence for answering three important main questions, namely (1) into which different types of
interest in physics students can be categorised while additionally considering particle physics as a mod-
ern physics content area, (2) how interesting are different contexts within these interest types, and (3)
are the interest types described better focussing on physics-related self-concept as a student charac-
teristic compared to sex.

In this thesis, | first describe the theoretical and empirical background (Chapters 2 and 3) and
the research interest (Chapter 4) of my doctoral research project. Then, the two main parts follow,
each representing one of the two studies conducted in this doctoral research project.

In the first study, an instrument to measure students’ particle physics interest (IPPI) was suc-
cessfully developed, tested, and validated using a Rasch analysis. Based on the item hierarchy revealed
by the Rasch analysis a conceptualisation of students’ interest in particle physics as a hierarchy of levels
of interest was introduced. This study, its methods, and findings have already been published in an
article, which is in parts presented in this thesis (Chapter 5; Zoechling et al., 2022).

Second, the main study, a cross-cohort study with German-speaking students aged 14 to 16
years (N =1219), was conducted. The students’ interest in mechanics and particle physics was assessed
using the instrument to measure mechanics interest from the IPN study and the IPPI. In addition, dif-
ferent student characteristics, such as their physics-related self-concept, sex, and previous experience
with the content areas in school, were assessed. The main aim of this study was to investigate the
students’ types of interest in physics and their association with different student characteristics. For
mechanics, the influence of the introductory text was also analysed by randomly assigning the students
to two different versions. This study, its methods, findings, and potential implications for both future
research and educational practice are presented in the second main part of this thesis (Chapter 6).

Finally, Chapter 7 summarises the main the findings of this doctoral research project.
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2. THEORETICAL BACKGROUND

Since fostering students’ interest is a key component of education, interest is a widely used
construct in education research. Accordingly, there are different approaches to modelling the construct
‘interest’ theoretically. In this chapter, different theoretical models of the psychological construct ‘in-
terest’ are presented and distinguished from similar constructs. Then, different aspects of a physics
learning activity, such as content or task, that may be the object of students’ interest are introduced.
Moreover, selected student characteristics that may be associated with students’ interest are pre-
sented. Finally, the development of students’ interest is summarised.

2.1. Structure of the construct ‘interest’

2.1.1. Distinguishing interest from similar constructs

As interest is a widely used construct in education research, the term ‘interest’ is not used con-
sistently throughout all research projects. For example, some researchers, such as Schreiner and
Sjgberg (2004), use the terms ‘interest’ and ‘attitude’ synonymously. However, in the Programme for
International Student Assessment (PISA) 2006 study interest was put under the headline ‘attitudes’
together with support for scientific enquiry and responsibility (OECD, 2006). Radisi¢ et al. (2020) also
consider interest to be an attitude together with enjoyment. Yet, very little is known about the relation
between the two motivational constructs interest and attitude. Gardner and Tamir (1989) refer to in-
terest ‘as a highly specific type of attitude’. Moreover, they state that interest and attitude might de-
velop differently (Gardner & Tamir, 1989). For example, even though one’s attitude towards an object
(e.g. nuclear power plant as a content) is negative, one can have a strong interest in learning more
about it (Gardner & Tamir, 1989). Krapp and Prenzel (2011) make a more elaborate distinction, which
is also used in this thesis: Attitude means a ‘general, non-personal evaluation” of an object, whereas
interest refers to the ‘subjective value attached to the knowledge about this object’ (Krapp & Prenzel,
2011).

Second, there is no clear distinction between the constructs ‘interest” and ‘curiosity” although
some researchers, such as Luce and His (2014) try to distinguish between them. Yet, both constructs
are described in terms of long-term dispositions and short-term states. Luce and Hsi (2014) state that
‘[clonsidering curiosity as a personality characteristic or trait is less useful for science education’. In
addition, interest is part of the ‘Integrative interest-deprivation wanting-liking model” of curiosity (Lit-
man, 2005). In this model, curiosity is associated with discrete emotional-motivational states reflecting
different combinations of different levels of wanting and liking (Litman, 2005). The state reflecting low
level of liking and low level of wanting is referred to as ‘ambivalent disinterest or boredom’, whereas
the state reflecting high level of liking and low level of wanting is referred to as ‘curiosity as a feeling of
“interest” (Litman, 2005). Similarly, Silvia (2008) refers to interest as ‘the curious emotion’ (interest as
emotion: see below). Kashdan and Silvia (2009) argue that they

‘use “curiosity”’ and “interest” as synonyms: both refer to a positive motivational-emo-
tional state associated with exploration. In everyday speech, people tend to use “curi-
ous” for upcoming events and “interested” for current events, but this doesn’t reflect
a conceptual difference.’



2. Theoretical Background | 5

Jirout and Klahr (2012) define curiosity as ‘the threshold of desired uncertainty in the environ-
ment which leads to exploratory behavior’. Luce and Hsi (2014) distinguish between six types of curios-
ity, namely mechanistic, teleological, inconsistency, cause and effect, engineering and medicine, and
general knowledge. Further, they argue that ‘understanding more about patterns of curiosity expres-
sion across a variety of settings, topics, and contexts is potentially more productive for furthering our
understanding of interest in science’ (Luce & Hsi, 2014). Hence, one could argue that Luce and Hsi
(2014) use the term ‘curiosity’ to refer to interest in different content, contexts, and tasks as objects of
interest; that is, they refer to interest in certain contents, contexts, and tasks as curiosity. Thus, in this
thesis the term ‘curious’ is not used but only the term ‘interested’, and curiosity is seen as referring to
a subset of interest directed only towards certain contents, contexts, and tasks.

Third, some researchers consider interest to be an emotion due to its strong affective compo-
nent. For example, some researchers term it together with confusion, surprise and awe the ‘knowledge
emotions’ or ‘epistemic emotions’ (Sander, 2013; Kashdan & Silvia, 2009; Silvia, 2008). In line with Hidi
and Renninger (2006), Sander (2013) argues that interest is always directed towards something. Ac-
cording to his definition this also holds true for emotions (e.g. one can only be happy or angry about
something; Sander, 2013). Whereas the term 'interest’ refers to the emotion that the individual expe-
riences, the term ‘interests’ refers to the motives for idiosyncratically engaging with an object of inter-
est (Silvia, 2001). However, in an earlier publication Hidi (2006) suggests that considering interest to be
an emotion is only appropriate, when referring to the first phase of interest development, ‘triggered
situational interest’ (see Section 2.4.2.). Although, there is an emotional component in all phases of
interest development, the further interest develops, the more importance gains the cognitive compo-
nent of interest (Hidi, 2006). Since interest involves not only affective but also cognitive components,
Hidi (2006) calls it a ‘unique motivational variable’. Also in this thesis, interest is considered to comprise
both affective and cognitive components.

Moreover, some researchers compare the constructs ‘interest’ and ‘enjoyment’. For example,
it is argued that interest fosters exploration, investigation, and information seeking, whereas enjoy-
ment is directed towards what is achieved and involves satisfaction and pleasure (Silvia, 2008; Kashdan
& Silvia, 2009; Ainley & Hidi, 2014). Interest and enjoyment ideally occur together, even though they
do not necessarily do so (Ainley & Hidi, 2014). Hence, Renninger and Hidi (2011) argue that measuring
enjoyment is not representative for interest. Also in this thesis, ‘interest’ and ‘enjoyment’ are consid-
ered to be different constructs.

Fifth, some researchers use the terms ‘interest” and ‘popularity’ interchangeably. For example,
Muckenfull (1995) discusses ambiguities concerning the adjective ‘interesting’. He points to its mani-
fold usage in everyday life, which is not in line with the theoretical construct ‘interest’. Thus, students
may indicate potential rather than actual interest when asked about their interest (Muckenful§, 1995).
Moreover, although students may refer to an object as interesting, they may still not be willing to en-
gage with it (Muckenful§, 1995). This holds true for the first phase of interest development (see Section
2.4.2.). Moreover, Muckenfuld (1995) criticizes that some researchers, such as Haulller, Lehrke et al.
(1998), do not distinguish between popularity (‘Beliebtheit’) and interest because of using the adjec-
tives ‘popular’ (‘beliebt’) and ‘interesting’ (‘interessant’) synonymously. He further argues that the term
‘popularity’ comprises the intrinsic character of interest more than the term ‘interestingness’ (‘Inter-
essantheit’; Muckenful3, 1995). Thus, he hypothesizes that the term ‘popularity’ reflects the theoretical
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construct ‘interest’ better than ‘interestingness’ (Muckenfulk, 1995). This hypothesis has not been in-
vestigated yet. Furthermore, in the ‘Expectancy-value theory of achievement motivation” interest is
conceptualised as how much a person likes an object of interest (Eccles, 2009; Wigfield & Eccles, 2000).
However, Renniger and Hidi (2011) criticise that, when measuring liking, the focus is on positive emo-
tions. This may not be suitable to measure interest since it lacks a measure of the negative emotions
that may also be associated with interest, especially in the first phase of interest development (see
Section 2.4.2.).

Finally, some researchers distinguish interest from the psychological constructs ‘non-interest’
and ‘indifference’. According to the ‘theory of interest and non-interest’ by Vogt (2007), non-interest
is the counterpart of interest. Both interest and non-interest evolve when engaging with an object
(Vogt, 2007). Non-interest can be classified into neutral disinterest and strong aversion (Blankenburg &
Scheersoi, 2018). However, indifference is a neutral predisposition of a person towards an object; that
is, one shows indifference towards an object before engaging with it (Vogt, 2007).

2.1.2. The person-object-theory of interest

In this doctoral research project, | use Krapp’s (2002a) ‘Person-object-theory of interest’ to
model the structure of the psychological construct ‘interest’, which is a well-established theory in the
education research community. In this theory, interest refers to the relationship between a person and
an object (Krapp, 2002a). Interest cannot exist in a person unless there is an object of interest; that is,
one’s interest is always directed towards something (Krapp & Prenzel, 2011). This characteristic of in-
terestis referred to as content specificity, where the term content means the object of interest. Interest
is multifaceted, since it involves cognitive-epistemic, emotional, and value-related components (Krapp
& Prenzel, 2011). The cognitive-epistemic component comprises the desire to understand better, learn
more, or know more about an object. The emotional component refers to the positive (in early stages
of interest development also negative) emotions associated with an object (Krapp & Prenzel, 2011).
The value-related component considers the significance of an object for the person who is, therefore,
willing to put effort in it (Blankenburg & Scheersoi, 2018). The three components result in an intrinsic
character of interest-based activities (Krapp & Prenzel, 2011). Thus, when engaging with an object out
of interest, the person may experience flow, that is, complete absorption in the present moment (Krapp
& Prenzel, 2011; Nakamura & Csikszentmihalyi, 2009).

2.2. Object of interest

The term ‘object of interest’ in the ‘Person-object-theory of interest’ (see Section 2.1.2.) refers
to a ‘certain part of the cognitively represented environment’ (e.g. a physical object, an abstract idea,
a topic, or an activity; Krapp & Prenzel, 2011). When investigating high-school students’ interest, several
objects of interest may be interesting for education researchers, such as general interest in science, or
interest in a domain, a subject, a content, a context, a task, or a learning environment. When focussing
on physics as a domain or subject, education researchers commonly investigate the four objects (1)
content, (2) context, (3) task, and (4) learning environment. | decided to focus on these four objects
because they are the defining components of a learning activity. Hence, (1) knowing which contents
are more (or less) interesting helps educators to design interesting learning activities; (2) if a content
was found to be rather less interesting it can be set in an interesting context for the learning activity to
be interesting; (3) similarly, choosing an interesting task may increase the overall interestingness of a
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learning activity; and (4) the interestingness of a task may vary depending on the learning environment.
Below definitions of these four objects are provided. Research findings regarding the four objects are
presented in Chapter 3.

2.2.1. Content

The term ‘content’ is derived from the Latin verb ‘continere’” which means ‘to hold together, to
enclose’. In physics education research, the term ‘content’ often refers to the facts, principles and con-
cepts that students have to learn in school. Specific contents can be grouped into content areas. For
example, the contents ‘buoyancy’ and ‘velocity’ can be grouped into the content area ‘mechanics’” and
the contents ‘current’ and ‘permanent magnets’ into the content area ‘electromagnetism’.

2.2.2. Context

The term ‘context’ is derived from the Latin verb ‘contexere’ which means ‘to weave together, to con-
nect’. In education research, several authors have attempted to define the term ‘context’, but a general
definition is still lacking. For example, according to Parchmann and Kuhn (2018) the term ‘context’ is
used in two ways, namely related to the content and related to the learning environment. In this doc-
toral research project, the term ‘context’ refers to the storyline of a learning activity (Mestre, 2002),
that is, the situations and circumstances in which or the motives for which the respective content is
meaningful (HauRler, Lehrke et al., 1998). The context of a learning activity is considered the combina-
tion of a focal event and its corresponding fields of action (Duranti & Goodwin, 1992; Gilbert, 2006;
Habig et al., 2018). This is in line with OECD’s PISA 2006 study, where contexts are defined as ‘life situ-
ations that involve science and technology’ (OECD, 2006). For example, the content ‘X-ray’ can be set
in a variety of contexts, such as medicine (X-ray images), health (food irradiation for conservation), or
technology (airport security). However, presenting a content in no additional storyline other than the
content itself may also be considered as a context, namely a purely scientific context.

2.2.3. Task

Exemplar tasks in a classroom are reading, calculation, presentation to the peer-group, or con-
ducting an experiment. Dierks et al. (2014) introduced a new method to categorise tasks in education
research, the ‘RIASEC+N-model’. It is based on the ‘RIASEC-model” which was originally developed for
categorising vocational interests by Holland (1997). Following the adaption for education research,
tasks are sorted into seven categories as listed in Table 1.

Table 1. RIASEC+N tasks.

Task category Description Example

Realistic practical task perform an experiment
Investigative intellectual task plan an experiment

Artistic intuitional or creative task draw a draft

Social informing, help, or training task support peers

Enterprising leading or influencing task lead a work group

Conventional imitative task search information

Networking cooperative task peer-to-peer knowledge exchange
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2.2.4. Learning environment

In education research, there is no clear definition of the term ‘learning environment’. In this
doctoral research thesis, the term ‘learning environment’ refers to the local environment, its corre-
sponding equipment, habits, and processes. This definition of learning environment combines aspects
of a situation and an idioculture as described by Finkelstein (2005). Whereas situations are character-
ised by the local environment, the equipment, and participants and are one-time and non-reoccurring,
the features of a certain learning environment are relatively stable over time and include habits and
processes, which resembles an idioculture. Typical learning environments are schools, science centres,
museums, and home. Dierks et al. (2014), who introduced the ‘RIASEC+N-model’, sorted learning envi-
ronments into the three categories ‘school’, ‘out-of-school leisure-time’, and ‘enrichment’. However,
in a paper published two years later, Dierks’ group focused on the three learning environments ‘school’,
‘enrichment’, and ‘(prospective) vocation’ (Dierks et al., 2016).

2.3. Selected characteristics of a person associated with interest in physics

In the ‘Person-object-theory of interest’ (see Section 2.1.2.) a person is characterised by her or
his interest (e.g. in the physics content ‘buoyancy’; Krapp, 2002). However, a person’s interest may be
associated with other characteristics of a person. In this section, | present three student characteristics
that are commonly investigated in association with students’ interest in physics, namely sex or gender,
physics-related self-concept, and previous experience with a content area. | decided to focus on these
variables because (1) the vast majority of studies focuses on students’ sex or gender while analysing
students’ interest; (2) some studies found that the gender effect on interest is mediated by other vari-
ables, such as the students’ physics-related self-concept; (3) self-concept involves an ability-related
component and an identity-related component, and thus is broader than similar constructs, such as
self-efficacy, which is only ability-related and refers to specific physics contents; (4) some studies sug-
gest that self-concept is strongly associated with desirable outcomes of physics instruction, such as
students course and career choices; and (5) there are only few studies investigating the association of
interest in and previous experience with a content area. Below definitions of the three characteristics
(1) sex or gender, (2) physics-related self-concept, and (3) previous experience with a content area are
provided. Research findings regarding these four objects are presented in Chapter 3.

2.3.1. Sex and gender

Commonly, the term ‘sex’ refers to the physiological aspects, whereas the term ‘gender’ refers
to the social and behavioural aspects of a person’s identity (Lindgvist et al., 2021; West & Zimmerman,
1987). Lindqvist et al. (2021) propose an operationalisation of gender consisting of the four main as-
pects ‘(a) physiological/bodily aspects (sex); (b) gender identity or self-defined gender; (c) legal gender;
and (d) social gender in terms of norm-related behaviours and gender expressions’. The terms ‘sex’ and
‘gender’ may be confused and used interchangeably in English. Similarly, they may be translated to the
same word in other languages, such as German (‘Geschlecht’). However, the English term ‘gender’ may
be used in other languages, such as German or Polish, to explicitly refer to the social and behavioural
identity. In this thesis, sex is considered to be one component of gender, in line with the operationali-
sation of gender by Lindqvist et al. (2021).
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2.3.2. Physics-related self-concept

Research on self-concept roots in writings of the late 19" century. In 1890, the self was de-
scribed by James using a basic dichotomy of the self as a subject and the self as an object (James, 1890).
In this notion, the self as a subject, the ‘I', is the active component of the self, making immediate expe-
riences and perceiving the self as an object, the ‘me’. This notion of the ‘self as object’ is the basis for
the now commonly used definition of self-concept (Lohaus & Vierhaus, 2019). Broadly speaking, self-
concept is one’s perception of oneself (Shavelson et al., 1976). When focusing on a certain domain or
subject, such as physics, self-concept refers to one’s perception of oneself regarding this domain or
subject (Marsh, 1990; OECD, 2007a). James distinguished between the material, spiritual, and social
self, that is, between the knowledge of one's own physical body, one's own psychic characteristics, and
one’s perception of how others view oneself (Lohaus & Vierhaus, 2019). What one believes others think
about oneself was a central aspect of the construction of one’s self-concept according to Cooley (1902),
who introduced the term ‘looking-glass-self’ for this. One may think about it as different mirrors; that
is, the images that one has about oneself depend on the mirror that one looks at (e.g. relevant others
as mirrors).

A similar distinction between different facets of self-concept, such as self-perception and per-
ception by others, can be found in the multifaceted and hierarchical construct of self-concept by
Shavelson et al. (1976) and Marsh (1990). On top of the hierarchical structure is the general self-con-
cept. Then, mathematical academic, verbal academic, and non-academic self-concept are distin-
guished. The non-academic self-concept can be divided into social, emotional, and physical self-con-
cept, which is in turn divided into further sub-categories (Shavelson et al., 1976). Mathematical and
verbal academic self-concept both affect the subordinate self-concepts in different domains or sub-
jects, such as English or history (Marsh, 1990). A further subdivision distinguishes, for example, physics
class in general and specific situations in physics class.

Similar to the construct ‘interest’, the construct ‘self-concept’ comprises cognitive and affective
aspects (Bong & Clark, 1999). Like in James’ and Cooley’s models of self-concept (Lohaus & Vierhaus,
2019; Cooley, 1902), Shavelson et al. (1976) consider self-concept to be evaluative. For example, self-
concept includes feelings about one’s own competencies (self-evaluation) and is strongly influenced by
social evaluation (Bong & Clark, 1999; Marsh, 1990). In line with this twofold definition of self-concept,
Hazari et al. (2010; who introduced the physics identity framework described below) argue that ‘[h]ow
others see a student is vitally important to how the student sees her/himself’. Yet, the students’ per-
ception acts as a mediator between the perceptions and expectations of others and the students’ self-
perceptions and expectations. For example, Godwin et al. (2016; who applied the physics identity
framework in engineering education research) wrote that ‘[s]tudents’ perceptions of how others view
them are vitally important to how students see themselves’. In this line students’ physics-related self-
concept was investigated in the IPN study; that is, students’ ability self-concept and their perceived
recognition in physics by the teacher and by the classmates were considered (Haulkler, Hofmann et al.
1998). In the PISA 2006 study in Germany, the perceived recognition by the teacher was also investi-
gated (Frey et al., 2009). Carlone and Johnson (2007) introduced the science identity framework, which
considers both (a) self-perceptions related to the own competency and performance and (b) percep-
tions related to the recognition by others. Hazari et al. (2010) adapted and applied this framework to
physics specifically and added students’ interest as an identity component. Building on this, Kalender,
et al. (2019a, 2019b, 2020) consider four components of internalised identities in their studies, namely
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the students’ interests, competency beliefs, perceived recognition as a physics person (external iden-
tity), and physics identity (internal identity, i.e. the self-perception as a physics person). Here, the in-
ternal and external identity comprise aspects of belonging and aptitude.

In general, some researchers (see Oyersman et al., 2012) use the terms ‘self-concept’ and ‘iden-
tity’ interchangeably or describe them in a similar way (e.g. Erikson’s description of identity, 1968).
Others make a distinction between self-concept and identity (e.g. Baumeister’s description of identity
as ‘definitions that are created for and superimposed on the self’ vs. of self-concept as ‘totality of in-
ferences that a person has made about himself or herself’, 1998). In this thesis, | use the term ‘physics-
related self-concept’ (unlike the physics identity studies) since the ‘looking-glass self’ theory suggests
that what students think others think of them is still something that the students think themselves.
Hence, these beliefs are internalised, or to say it with Baumeister (1998), they are also ‘inferences that
a person has made about himself or herself’ (e.g. ‘l am a person that is not seen as a physics person by
the teacher’).

A construct often defined similar to self-concept is self-efficacy as discussed, for example, by
Bong and Clark (1999). Self-efficacy refers to students’ ‘judgements of their capabilities to organise and
execute courses of action required to attain designated types of performances’, that is, their own per-
ception of themselves regarding specific tasks (Bandura, 1986). ‘Self-efficacy thus appears to provide
one ingredient [...] to the cognitive dimension of self-concept’ (Bong & Clark, 1999). A similar distinction
is made in the PISA 2006 study: ‘In contrast to self-efficacy in science, which asks students about their
level of confidence in tackling specific scientific tasks, self-concept measures the general level of belief
that students have in their academic abilities’. (OECD, 2007a). The main question is how specific one
defines the construct ‘self-efficacy’ to be able to distinguish it from the similar construct ‘ability self-
concept’. In this sense, using a very broad definition of self-efficacy, one might even consider self-effi-
cacy and ability self-concept as equivalent constructs. However, in the PISA studies ‘science-related
ability self-concept’ (‘Naturwissenschaftsbezogenenes Fahigkeitsselbstkonzept’; Frey et al., 2009) is in-
vestigated. This phrasing points towards one very important characteristic of physics-related self-con-
cept, namely that there is more to self-concept than beliefs about the own ability. In addition to the
self-perception of ability, it also covers aspects of social evaluation (comparison with others) and the
looking-glass self (belief that others see oneself as apt for or good at physics).

In this thesis, physics-related self-concept refers to a rather broad and general perception of
oneself in terms of ability in and aptitude for physics including aspects of self-evaluation, social evalua-
tion (i.e. in comparison to others), and the looking-glass self (i.e. beliefs that others see oneself as good
at or apt for physics).

2.3.3. Previous experience with a content area

In this thesis, previous experience means the quantitative experience with a content area in
contrast to the quality of these experiences. Yet, the theoretical literature mostly focuses on the asso-
ciation between qualitative experiences that the students may have made throughout their educational
paths (e.g. with their parents, with their teachers, in the classroom, or in out-of-school learning envi-
ronments; i.e. not the quantitative experience with the content area) and interest in physics or related
careers. Moreover, the focus often is on the association between interest and knowledge or achieve-
ment in a content area instead of quantitative previous experience with it. Here, the theoretical
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literature suggests a positive association between knowledge and interest. In the ‘Four-phase model of
interest development’ (Hidi & Renninger, 2006; Section 2.4.2.) the cognitive-epistemic component of
interest becomes more relevant the further interest develops. That is, the students want to learn more,
even when this is associated with difficulties. Moreover, Hoft et al. (2019) explain that both the ‘Expec-
tancy-value theory of achievement motivation’ (Eccles, 2009; Wigfield & Eccles, 2000) and the ‘Social
cognitive career theory’ (Sheu et al.,, 2010; Lent et al., 1994) suggest that

‘interest is associated with an increased likelihood to engage in more challenging tasks
as well as a higher persistence in performing a given task, resulting in higher achieve-
ment which in turn is related to interest development, so that reciprocal relations be-
tween interest and achievement can be concluded.”

One may argue that investigating students’ knowledge regarding a content area also provides some
evidence concerning the previous experience in school because experience can be regarded as inevita-
bly preceding knowledge. This hypothesis has not been tested yet.

2.4. Development of interest

In the previous sections, the ‘Person-object-theory of interest” as well as (a) different objects
of interest that are the defining components of a physics learning activity and (b) different characteris-
tics of persons that may be associated with their interest in physics were introduced. Below | will sum-
marise the development of students’ interest.

While describing the development of students’ interest, two different forms of interest must
be considered according to Krapp and Prenzel (2011). First, individual interest, often referred to as ‘ha-
bitual’ or ‘dispositional interest’, describes a relatively stable personality trait. Second, operating inter-
est refers to the psychological state of being interested while engaging with an object and is associated
with ‘focused attention, increased cognitive functioning, persistence, and affective involvement’ (Krapp
& Prenzel, 2011). Operating interest can be caused by an existing individual interest. In this case, oper-
ating interest is also referred to as ‘actualized individual interest’ (Krapp, 2002a). Operating interest can
also be caused by external factors, that is, the interestingness of an object. In this case, operating in-
terest refers to ‘situational interest’ (Krapp & Prenzel, 2011). One aim of education is not only to trigger
students’ situational interest by external factors but also to enable them to develop individual interest.

2.4.1. Linking the development of interest to psychological needs

Some researchers, such as Krapp (2002b, 2005), link the development of interest to the basic
psychological needs in the ‘Self-determination theory’ (Ryan & Deci, 2000). For example, Krapp (2002b,
2005) suggests that interest develops when these needs (i.e. autonomy, competence, and social relat-
edness) are met. However, in this doctoral thesis, this link between the development of interest and
the basic psychological needs is not investigated.

2.4.2. The four-phase model of interest development

In this doctoral research project, | use the ‘Four-phase-model of interest development’, which
was introduced by Hidi and Renninger (2006) and is well established in the education research commu-
nity. This model explains how situational interest towards an object develops into individual interest,
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as illustrated in Figure 1. In this model, the four phases of interest development are distinguished by
the three components of interest (i.e. cognitive-epistemic, emotional, and value-related component;
Blankenburg & Scheersoi, 2018). According to Hidi and Renninger (2006) the relation between and the
balance of the three components changes across the four phases. Initially, emotional components pre-
vail but they become less important from phase to phase, wherein the value-related and cognitive-
epistemic components become more important (Hidi & Renninger, 2006). However, individual interest
cannot develop, unless the person associates cognitive value and positive feelings with the object
(Blankenburg & Scheersoi, 2018).

“Hold": Engagement with i ; -
an object, recognition of Olex 2’”0 '“rggef.
personal value, and . a r(IaGd 14 e)gs Ing 4
positive feelings nowledge, caesire 1o
(Mitchell, 1993) 2 le'o'rn more
= valve-related = cognitive-epistemic
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= cognitive-epistemic
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Figure 1. The situational interest is triggered by the interestingness of an object and eventually devel-
ops into individual interest in the framework of the ‘Person-object theory of interest’ (Krapp, 2002a)
and the ‘Four-phase model of interest development’ (Hidi & Renninger, 2006; figure reproduced from

Zoechling et al., 2022)
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1)

The initial phase of interest development is triggered situational interest. Usually, another
person (e.g. a teacher or classmate) or a particular situation (e.g. demonstration of an ex-
periment) trigger the arousal of interest towards an object (Blankenburg & Scheersoi, 2018).
Mitchell (1993) called them ‘catch factors’. However, this phase can involve positive as well
as negative feelings (Blankenburg & Scheersoi, 2018).

The second phase of interest development is maintained situational interest (Hidi & Ren-
ninger, 2006). Here, positive feelings are a precondition (Blankenburg & Scheersoi, 2018).
The person starts to engage actively with the object and to recognize personal value (Mitch-
ell, 1993). According to Mitchell (1993) situational interest is maintained by ‘hold factors’,
such as the perceived personal value.

Emerging individual interest, the third phase of interest development, may follow (Hidi &
Renninger, 2006). Here, recognition of personal relevance and already existing knowledge
about the object are preconditions (Blankenburg & Scheersoi, 2018). This phase involves
engagement with the object, even without external trigger. Moreover, the person wants to
know more about the object (Blankenburg & Scheersoi, 2018).

The final phase of interest development is well-developed individual interest (Hidi & Ren-
ninger, 2006). In this phase, a person engages with the object of interest even when associ-
ated with difficulties (Blankenburg & Scheersoi, 2018). Moreover, she or he wants to ex-
change knowledge about the object with others (Blankenburg & Scheersoi, 2018).



14 | 3.1. Measuring students’ interest in physics

3. EMPIRICAL BACKGROUND

In the previous chapter, the theoretical background of this doctoral research project was pre-
sented, especially focussing on the ‘Person-object theory of interest’ (Section 2.1.2.) and the ‘Four-
phase model of interest development’ (Section 2.4.2.). In this chapter, the empirical background is
presented. First, commonly applied methods to measure students’ interest are summarised. Then, the
topological model of interest is discussed, that is, a multidimensional model of interest comprising the
four objects ‘content’, ‘context’, ‘task’, and ‘learning environment’ (introduced in Section 2.2.). More-
over, the student characteristics ‘sex or gender’, ‘physics-related self-concept’, and ‘previous experi-
ence with a content area’ (introduced in Section 2.3.) and their association with students’ interest in
physics are discussed. Finally, past empirical studies about students’” interest in physics are presented
focusing on the four objects as well as the different student characteristics that have been shown to be
associated with interest.

3.1. Measuring students’ interest in physics

To measure certain aspects of the interest construct, usually open questions or rating scale
items with students indicating their perceived interestingness of an item are applied (Krapp & Prenzel,
2011). This can happen without any prior stimulus, with a written introduction to the object of interest,
or during or after an actual learning sequence (Krapp & Prenzel, 2011). For example, items on interest
in science without any prior stimulus are used in the PISA studies in 2006 (8 items) and 2015 (14 items),
and in the Relevance of Science Education (ROSE) study (108 items; Frey et al., 2009; Mang & Kristina,
2019; Schreiner & Sjgberg, 2004). In comparison, the IPN study about interest in physics comprises an
introductory text on each of the eight assessed physics content areas and 11 corresponding interest
items on each content area (HauRler, Lehrke, et al., 1998). Furthermore, the PISA 2006 study also in-
cludes embedded items, that is, some test units were accompanied by items to assess the students’
interest in the science content and context of the respective unit (OECD, 2009). A similar approach has
also been used by Rosler et al. (2018) in biology education research. Yet, in most studies interest is not
assessed while the students are doing an actual task. Moreover, Krapp and Prenzel (2011) also describe
some alternative approaches for examining adolescents’ interest in science, such as content analysis of
the databanks of an internet search engine. Finally, Renninger and Hidi (2011) as well as Ainley and Hidi
(2014) discuss instruments to measure the different phases of interest. For example, they argue that
instruments could measure the two phases of situational interest by focussing on the affective compo-
nent of interest, whereas they could measure the two phases of individual interest by focussing on the
cognitive component of interest. In general, Renninger and Hidi (2011) point out that ‘there are no
established or agreed-upon methods for measuring interest and its development’.

When measuring traits, such as interest, the measurement instrument as a whole has an influ-
ence on the responses to every single item because respondents rate based on the information present
in their minds in the very moment (Schwarz, 1999). This information may be accessible all the time
resulting in a stability in judgement. It may only temporarily be present caused by contextual effects,
such as by an introductory text or the previous and following items (Schwarz, 1999). Respondents as-
sume that the information provided in the questionnaire is relevant, and thus they base their judge-
ment primarily on it (Schwarz, 1999). The order of items can result in assimilation or contrast effects



3. Empirical Background | 15

(Schwarz, 1999). Assimilation is more likely to occur when respondents are asked to judge something
that is superordinate to a previous item, whereas contrast is more likely to occur when the previous
item is lateral (Schwarz, 1999). For example, when students are asked to express their interest in parti-
cle physics, assimilation is more likely to occur when the previous item was about its medical applica-
tions. However, if the previous item was about human biology, the contrast effect is more likely to
occur. Hence, when using an introductory text prior to a set of items, it is crucial to evaluate its influence
on the respondents’ expressed degree of the measured trait. For example, different versions of the
introductory text could be used and possible differences in responses could be investigated. Moreover,
when conducting a replication study using the same measurement instrument, the order of the items
could be kept the same to result in the same item order effects. Yet, if the aim is to investigate these
item order effects, random order of items could be preferred.

3.2. A topological model of interest

Interest is not equally high in every single aspect of a scientific domain or a school subject.
Previous studies focused on students’ interest in four different objects that define a learning activity:
content (e.g. pump), context (e.g. biological), tasks (e.g. conducting an experiment), and learning envi-
ronments (e.g. Science Centre; as introduced in Section 2.2.). Krapp and Prenzel (2011) call such differ-
entiations a ‘multidimensional topological model” of interest.

In learning activities, the content is usually presented set in a context (i.e. a storyline). Moreo-
ver, in empirical research projects, students’ interest in a physics content is often measured set in a
context. Hence, one may argue that contents are related to contexts. Moreover, contents cannot only
be grouped according to a scientific domain or the curriculum of a school subject but also according to
a context. This approach is used, for example, in cross-curricular teaching. One content may be set in
various contexts and one context may act as a storyline for various contents. In some cases, it is difficult
to distinguish between content and context. HauRler, Binder, et al. (1998) argue that, when comparing
the natural science domains, it is more difficult to make such a distinction in biology than in chemistry
or physics. For example, when talking about human biology, the context ‘human body’ is inherent. In
chemistry education research, a research group compared the situational interest for the same content
set into different context, and for different contents set in the same context (Fechner, 2009; Fechner
et al., 2015; Koélbach, 2011). In general, they show that the effects of a context on interest is more
distinct, if it can be distinguished clearly from the content (Fechner et al., 2015). Moreover, they found
that the positive effect of a context on interest is higher, the less interesting the content itself is (Fech-
ner et al., 2015). However, van Vorst et al. (2014) state that in a meaningful and coherent task content
and context are related. In biology education research, Rosler et al. (2018) found that a certain context
is more interesting than the corresponding content; for example, the context ‘health’ is more interest-
ing than the content ‘human biology’ and the context ‘environment’ is more interesting than the con-
tent ‘ecology’. Concerning the interestingness of different contents and contexts, most studies agree
that a few contents, such as ‘the Universe and its history’ (Holstermann & Bogeholz, 2007; OECD, 2016),
and contexts, such as ‘the possibility of life outside earth’ (Sjgberg & Schreiner, 2012) and ‘the human
body’ (Hauller, Lehrke, et al., 1998; Holstermann & Bogeholz, 2007), are extremely and equally inter-
esting for all students. Further research findings concerning the interestingness of different contents
and contexts will be presented separately for different studies about students’ interest in physics (Sec-
tion 3.4.).
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When designing learning activities, the range of possible tasks may depend on the learning en-
vironment. Moreover, in empirical research projects, students’ interest in a task can be measured set
in a specific learning environment. Hence, one may argue that tasks and learning environments are
connected. Again, one task may be performed in various learning environments and one learning envi-
ronment may involve various tasks. Studies considering the students’ interest in the RIASEC+N tasks in
different learning environments have been conducted, for example, by Dierks et al. (2014, 2016). In
general, students’ interest in tasks is significantly different in relation to different environments (Dierks
et al., 2016). In especial, gender differences were observed: Girls show a higher interest in social tasks
in school and in artistic tasks in school and enrichment (Dierks et al., 2016). When focusing on realistic
activities, boys indicate a higher interest in vocation, whereas it is the girls in school and enrichment.
Dierks et al. (2016) argue that this may be because realistic vocations are perceived as male. Focusing
on the learning environment ‘school’, most studies agree that middle school students show an equal
and high interest in hands-on tasks (Haulller, Lehrke et al., 1998; Swarat et al. 2012). Further research
findings concerning the interestingness of different tasks and learning environments will be presented
separately for different studies about students’ interest in physics (Section 3.4.).

Tasks and learning Grouping contents and
environments contexts as well as tasks and learning
environments, allows representing in-

terest in form of a coordinate system as
e.g. IPN and

RIASEC+N studies shown in Figure 2. The horizontal axis

represents the contents and contexts,
and the vertical axis represents the

tasks and learning environments. The

Contents and most important studies that focus on

/ contexts the horizontal plane are the ROSE and
PISA  studies (OECD, 2007a, 2016;
/ e.g. IPN, ROSE, and Schreiner & Sjgberg, 2004). The RI-

PISA studies

ASEC+N studies focus on the vertical
axis (Dierks et al., 2014). The IPN study
considers both axes (HauRler, Lehrke et
al., 1998).

Interest

Figure 2. Different contents set in different contexts versus
different tasks set in different learning environments

3.3. Selected student characteristics associated with interest in physics

In this section empirical research methodologies and findings regarding the association of stu-
dents’ interest in physics with three student characteristics are discussed: sex or gender, physics-related
self-concept, and previous experience with the content area (as defined in Section 2.3.).

3.3.1. Sex and gender

Most previous studies, such as the IPN, PISA, or ROSE studies, analysed the association of stu-
dents’ interest in physics with their sex or gender (e.g. Hauliler, Lehrke, et al., 1998; OECD, 2007a, 2016;
Sjeberg & Schreiner, 2010). In this thesis, sex is considered to be one component of gender, in line with
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the operationalisation of gender by Lindgvist et al. (2021; see Section 2.3.1.). In many studies, it is not
clear whether sex or gender is assessed with a certain item. Moreover, neither sex nor gender are as
dichotomous as the items commonly used to assess them (Lindgvist et al., 2021). For example, in the
PISA studies students are asked, ‘Are you female or male?’ (OECD, 2005). When analysing students’
interest and its association with sex or gender, three different foci of analysis are commonly applied.

First, male and female students are compared regarding their degrees of interest (e.g. Archer
et al., 2013; Hauller et al., 1996; Prenzel et al., 2007). Second, gender differences in interest in physics
as a school subject and as a scientific domain are analysed. Most studies agree that the gender differ-
ence in favour of boys is less pronounced when assessing domain interest in comparison to subject
interest (e.g. Stern et al., 2009; HauRler, Lehrke et al., 1998). Third, different contents and contexts and
their interestingness for female in comparison to male students are analysed. Most studies distinguish
between contents and contexts interesting for female and those interesting for male students (e.g.
OECD, 2016; Sjgberg & Schreiner, 2012). Nevertheless, the studies also show that there are a few con-
tents and contexts that are extremely and equally interesting for all students, for example, ‘the Universe
and its history’ (Holstermann & Bogeholz, 2007; OECD, 2016), ‘the possibility of life outside earth’
(Sjgberg & Schreiner, 2012), and ‘the human body’ (HauRler, Lehrke, et al., 1998; Holstermann & Boge-
holz, 2007). Further research findings concerning the association of students’ interest with their sex or
gender will be presented separately for different studies about students’ interest in physics (Section
3.4.).

3.3.2. Physics-related self-concept

Past empirical studies have provided evidence that how others see a student is important to
how the student sees her- or himself. For example, it has been shown that a child’s self-perceptions
and expectations regarding their science abilities is influenced by their parents’ perceptions and expec-
tations of the child’s ability (Bleeker & Jacobs, 2001; Jacobs & Eccles, 1992, 2000; Turner et al., 2004).
Moreover, the friends’ and teachers’ perceptions and expectations have been shown to be influential
(Jacobs et al., 1998; Speering & Rennie, 1996; Woolnough et al., 1997). Based on such empirical findings
and theoretical considerations, physics-related self-concept was defined as a rather broad and general
perception of oneself in terms of ability in and aptitude for physics including aspects of self-evaluation,
social evaluation (i.e. in comparison to others), and the looking-glass self (i.e. beliefs that others see
oneself as good at or apt for physics) in Section 2.3.2. of this thesis.

In general, some researchers define and use the constructs ‘identity” and ‘self-efficacy’ similarly
to self-concept, as discussed in Section 2.3.2.. For example, in the physics identity framework compe-
tency beliefs, self-perception (i.e. internal identity; item: ‘Il see myself as a physics person’), and per-
ceived recognition (i.e. beliefs about how other see oneself, external identity; exemplar item: ‘My par-
ents see me as a physics person’) are combined (Kalender et al., 2019a, 2019b, 2020). Although not
labelled as items to measure perceived recognition, also the item set used to measure physics-related
self-concept in the IPN study comprised one item each about the perceived recognition by the teacher
and by classmates (‘My teacher assesses my performance as ..." and ‘My classmates think | am ... in
physics’; students had to complete the statements using the 5-category scale ranging from very good,
good, medium, bad, to very bad; Haulller, Lehrke et al., 1998). One may argue that the physics identity
framework as such suggests a holistic description of physics-related self-concept as used in this thesis.
Moreover, the competency belief items used in the identity studies resemble well-established ability
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self-concept items used in the PISA 2006 study (Frey et al., 2009; OECD, 2005; Kalender et al., 20193,
2019b, 2020). Exemplar competency belief items are ‘I understand concepts | have studied in physics’,
‘If I study, | will do well on a physics test’, and ‘If | encounter a setback in a physics exam, | can overcome
it". However, the researchers argue that they are assessing self-efficacy with items used to assess com-
petency beliefs in the science identity studies in the earlier publications by Marshman et al. (20183,
2018b) or in the publication about a study on test anxiety by Malespina and Singh (2022). Yet, the
wording of the competency belief items is broader and more general than of the PISA self-efficacy
items. The similarities or differences become obvious when comparing the items used to assess com-
petency beliefs (physics identity studies; Kalender et al., 2019a, 2019b, 2020), ability self-concept and
self-efficacy (PISA 2006 study; OECD, 2005). The self-concept items developed by Marsh (1990)? were
adapted for and applied in the PISA 2006 study (Frey et al., 2009). In the PISA 2006 study the items used
to assess science ability self-concept were, for example, ‘I learn <school science> topics quickly’, “‘When
| am being taught <school science>, | can understand the concepts very well’, and ‘Il can usually give
good answers to <test questions> on <school science> topics’.? In contrast, the items used to assess
science self-efficacy in the PISA 2006 study refer to very specific tasks. That is, the students are asked
‘How easy do you think it would be for you to perform the following tasks on your own?’ and some
exemplar items are ‘Explain why earthquakes occur more frequently in some areas than in others’,
‘Interpret the scientific information provided on the labelling of food items’, and ‘Discuss how new
evidence can lead you to change your understanding about the possibility of life on Mars’ (OECD, 2005).
One can see that self-concept items are referring to the domain or subject in general unlike self-efficacy
items which are focusing on very specific tasks and contents. Although the competency belief items
(see examples above) also focus on certain tasks (e.g. overcome a setback in an exam), these tasks are
somewhat less specific than the tasks assessed in the PISA self-efficacy items (e.g. scientific interpreta-
tion of food labels). In addition, the competency belief items refer to physics as a domain or subject, in
contrast to the specific contents referred to in the PISA self-efficacy items. Nevertheless, the differences
between the items to assess ability self-concept (PISA 2006 study; OECD, 2005), competency beliefs
(physics identity studies; Kalender et al., 2019a, 2019b, 2020), and self-efficacy (PISA 2006 study; OECD,
2005) seem to be small. All items refer to the students’ self-perception of ability, some rather general
and broad and others rather specific.

Several previous studies, such as the IPN and the PISA 2006 studies, explored the correlation
between physics-related self-concept and interest in physics (HauRler, Lehrke, et al., 1998; OECD,
2007a). When analysing students’ interest and its association with physics-related self-concept as de-
fined in this thesis, two different foci of analysis are commonly applied in empirical studies.

First, the nature of the association of self-concept and interest is investigated. Most studies
agree that the students’ ability self-concept is positively associated with interest in physics (Buccheri et
al., 2011; DeWitt and Archer, 2015; Dierks et al., 2016; Godwin et al., 2016; HauRler, Hoffmann et al.,
1998; Kalender et al., 2019a, 2019b; Stern et al., 2009). Moreover, it has been shown that interest in

2 ‘Compared to others my age | am good at [a specific school subject]’, ‘I get good marks in [a specific school
subject]’, “Work in [a specific school subject] classes is easy for me’, ‘I'm hopeless when it comes to [a specific
school subject]’ (reverse scored), ‘I learn things quickly in [a specific school subject]’, and ‘I have always done
well in [a specific school subject]” (Marsh, 1990).

% In the German version of the questionnaire ‘<school science>’ is expressed as ‘Naturwissenschaften’ and ‘<test
questions>’ as ‘Prufungsfragen’ (Frey et al., 2009).
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physics is positively associated with self-perception as a physics person and perceived recognition as a
physics person (Godwin et al., 2016; Kalender et al., 2019a, 2019b). Second, the structure of self-con-
cept, that is, the relationship among the different aspects of self-concept, are investigated. Some stud-
ies point out that the students’ ability self-concept and self-perception as a physics person can be im-
pacted by the perceived recognition by others (e.g. Aschbacher et al., 2010; Carlone & Johnson, 2007;
Zeldin & Pajares, 2000). Further research findings concerning the association of students’ interest with
their physics-related self-concept will be presented separately for different studies about students’ in-
terest in physics (Section 3.4.).

3.3.3. Previous experience with the content area

In this thesis, previous experience refers to the quantitative experience with a content area as
defined in Section 2.3.3.. There are only few studies that explore the association of interest in a physics
content area and the students’ previous experience with the content area. The empirical literature
mostly focuses on knowledge in a content area instead of quantitative previous experience with it.
Hypothesising that previous experience with a content area precedes knowledge, some conclusions
about the association between interest and knowledge in a content area may be applied to the associ-
ation between interest and quantitative previous experience with a content area. For example, Hoft et
al. (2019) conducted a longitudinal empirical study to investigate the association between interest in
different tasks and achievement. In line with other past studies, they found that, overall, the interest
decreases whereas the achievement increases over time. However, they also showed that interest in
cognitively activating tasks or in tasks that involve the communication of knowledge (e.g. solving theo-
retical problems, debating with classmates, or explaining something to classmates) is increasingly asso-
ciated with achievement, which aligns with theoretical expectations based on the ‘Four-phase model
of interest development’ (Hoft et al., 2019).

Moreover, many researchers focus on the association between interest in the broad field of
physics or related careers and qualitative experiences that the students may have made throughout
their educational paths (e.g. with their parents, with their teachers, in the classroom, or in out-of-school
learning environments; i.e. not the quantitative experience with the content area). Here, Maltese et al.
(2014) provide a detailed overview of the literature on what, when, and how such experiences contrib-
ute to the students’ interest in STEM. They summarise that ‘by high school, the majority of students
know what career they will pursue’ (When?), that ‘formal and informal learning experiences play a role
in generating and maintaining interest in STEM’ (What?), and that ‘individuals can become interested
and persist in STEM through positive interpersonal relationships with teachers or family members, or
they can develop an interest on their own’ (How?; Maltese et al., 2014). Regarding their own study,
Maltese et al. (2014) conclude that

‘individuals who complete STEM degrees have quite varied histories and that the trig-
gering of their interest can happen across a wide age spectrum. Similarly, in terms of
who was involved or what their triggering experience was, the general results support
the notion that there are many pathways to STEM and no clear preferential pathway.’

However, findings concerning the association between interest in a content area and qualita-
tive physics-related experiences (e.g. with their parents, with their teachers, in the classroom, or in out-
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of-school learning environments) cannot be applied to the association between interest and quantita-
tive previous experience with a content area.

Only few empirical studies indeed investigated the relationship between previous experience
with the content area and interest in it. For example, studies about the construct ‘novelty’ point to-
wards a positive association between previous experience and interest. Orion and Hofstein (1994) in a
study about field trips found that preparing the students to reduce their novelty space (e.g. previous
knowledge) improves their attitudes (e.g. interest) and achievement after the trip. Based on this,
Woithe (2020) in a study about a hands-on learning laboratory on particle physics also investigated
three novelty influence factors, namely previous experiences with the content area particle physics,
with hands-on experiments, and with out-of-school learning opportunities. She found the students’
previous experiences were not significantly associated with their situational interest (Woithe, 2020).
Further research findings concerning the association of students’ interest in and their previous experi-
ence with a content area will be presented separately for different studies about students’ interest in
physics (Section 3.4.)

3.4. Previous studies about students’ interest in physics

One of the first studies about students’ interest in physics came from a German researcher
(Todt, 1978). Not long after, the importance of students’ interest for learning was discussed at the first
and the second conference on interest at the Leibniz Institute for Science and Mathematics Education
(IPN) at the German University of Kiel in 1984 and 1996 (Hoffmann et al., 1998). Throughout the years
similar calls for fostering students’ interest in physics were repeated. Now, several national and inter-
national physics education recommendations already include fostering interest in physics as a key com-
ponent (e.g. National Research Council, 2013; OECD, 2017). Furthermore, a relatively large number of
studies investigating students’ interest in domains, such as physics, and its association with learning
have been published. In this section, an overview of some of the most important publications in the
field of interest research related to physics is given. | also present some chemistry and biology educa-
tion research projects that | consider to be relevant also for physics education. Table 2 provides an
overview of the presented studies, author teams, and the variables investigated in these studies. To
simplify the list of other assessed variables, | am not consistently using the study authors’ original nam-
ing in Table 2. Instead, | used the PISA naming as a reference if possible. | investigated whether the
items used to assess a variable resembles items used in the PISA studies. If yes, | used the naming of
the PISA studies. For example, the items to assess ‘emotional valence’ used in a study by van Vorst et
al. (2018) resemble items used to assess ‘enjoyment of science’ in the PISA studies (Frey et al., 2009;
Mang et al. 2019). In a study by Habig, van Vorst et al. (2018), the items to assess ‘value-related valence’
and ‘topic-related interest’ resemble items used to assess ‘personal value of science’ in the PISA studies
(Frey et al., 2009; Mang et al. 2019), and the items to assess ‘activity-related intrinsic motivation’ are
similar to items used to assess ‘enjoyment of science’ in the PISA studies (Habig, van Vorst et al., 2018;
Frey et al., 2009; Mang et al. 2019).
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Table 2. Past empirical studies (using abbreviated names), author teams, and selected investigated var-
iables associated with students’ interest. In the right column | list other investigated variables. The cod-
ing (bold, inclined, or coloured) of some author teams and investigated variables indicates that the
coded author teams only discuss the equally coded variables. | * Several publications by the author
team and other researchers
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3.4.1. IPN Study

The ‘IPN Interessensstudie Physik’ is one of the first systematic studies about school students’
interest in physics (HauRler, 1987; HauBler et al., 1996; Haulkler, Hoffmann et al., 1998; Hauller, Lehrke
et al., 1998; HauRler & Hoffmann, 2000; Langeheine et al., 2001; Rost et al., 1999; Sievers, 1999). It was
conducted by the IPN (Leibniz Institute for Science and Mathematics Education at the University of Kiel)
in the 1980s and 90s. The IPN study was cross-sectional (grade 9) and longitudinal (grades 5 to 10). In
total, 10 954 interest records were collected whereby students participating in the longitudinal study
are counted several times. In the IPN study interest in eight curricular content areas of physics (e.g.
mechanics and electronics) was assessed utilising an introductory text and eleven rating scale items per
content area. The introductory text on each curricular content area preceded the corresponding part of
the questionnaire to cover students’ possible deficit in previous experience with the content area by
giving them an idea of what it is about. The items tackled three objects of interest, namely different
contents, contexts, and tasks. The eleven interest items for each content area were based on eleven
item categories as listed in Table 3. Each item category represents a certain combination of seven
different contexts and four different tasks (Haulller, Lehrke, et al., 1998). The students express their
degree of interest in each item on a 5-category rating scale ranging from ‘My interest in it is ... very high,
high, medium, low, or very low (Hauliler, Lehrke, et al., 1998).
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Table 3. The eleven item categories of the IPN study (HauRler et al., 1996; HauRler, Hoffmann et al,,
1998; Rost et al., 1999) and one exemplar item for each category for the content area ‘heat’.
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Additionally, in the IPN study interest in physics as a scientific domain and as a school subject
were distinguished. The former was measured by summing up the responses to all 88 items on the
curricular content areas. The latter was measured with two additional specific items, namely one single
item (‘I find the subject physics ...”) and one item as part of an item set consisting of 14 items on interest
in 14 different school subjects including physics. All of these items use a rating scale ranging from very
interesting, interesting, medium, boring, to very boring (HauRler, Lehrke, et al., 1998).

HauRler, Lehrke, et al. (1998) found that the domain interest decreases continuously the older
the students get. Male students indicate a significantly higher interest than females. Yet, the gender
difference in domain interest is way less pronounced than the gender difference in subject interest
(HauRler, Lehrke, et al., 1998). One can see that, whereas male students report equal or higher interest
in the subject than in the domain, female students report lower interest in the subject than in the
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domain. That is, gender differences are more pronounced when students are asked directly about their
subject interest than when calculating the mean domain interest across all items (HaulRler, Lehrke, et
al., 1998).

Moreover, Haulller and Hoffmann (2000) compared students’ interest in physics as a school
subject and as a scientific domain. They found that, although interest in physics as a subject and as a
domain have a relatively high correlation (correlation coefficient r = 0.7), they differ in predictor vari-
ables in multivariate regression analyses. Interest in the school subject is associated with positive phys-
ics-related self-concept (standardised regression coefficient B = 0.43) which involves current achieve-
ment, corresponding expectations, and how competent students feel to be perceived by the peer group
(HauRler & Hoffmann, 2000). In addition, interest stimulating instruction by the teacher may contribute
to the students’ interest in the subject (8 = 0.2). HauRBler and Hoffmann (2000) point out that interest
in the domain fairly contributes to interest in the school subject (8 = 0.1). Interest in the scientific
domain is associated with fascination by technical objects (f = 0.4) and fascination by natural phe-
nomena (f = 0.2) (Hauller & Hoffmann, 2000).

HauRler, Binder et al. (1998) highlighted that gender is not associated with interest differences
across students. They concluded that gender differences are mediated by other variables (e.g. fascina-
tion by technical objects), which can be stereotypical, gender-related characteristics (HauRler, Blinder,
et al., 1998).

As mentioned above, the IPN study distinguished between eight content areas aligned with the
German physics curriculum and between seven context areas that were identified in a preceding Del-
phi-study. The eight content area factors resulting from the data analysis are slightly different than the
initial eight content areas. In particular, the content areas ‘electricity’ and ‘electronics’ got merged and
the content area ‘acoustics’ was split into ‘sound production” and ‘noise protection” (HauBler, Lehrke,
etal., 1998). Furthermore, only two out of the seven context areas remain as factors, namely ‘emotional
experiences’, in especial ‘natural phenomena’, as well as ‘vocation’, in especial ‘medical devices’ (Hau-
Rler, Lehrke, et al., 1998). All the other context items were assigned to the activity factors instead as
described below (HauRler, Lehrke, et al., 1998).

HauRler, Lehrke, et al. (1998) found that students in general show a stable and high interest in
both context areas ‘natural phenomena’ and ‘medical devices” with female students being more inter-
ested than males. Moreover, they report a general high interest in the content area ‘radioactivity’. Here,
the initial gender difference in favour of boys evens out when students get older (HauRler, Lehrke, et
al., 1998). The second most interesting content area is ‘nuclear physics’®, for which no notable gender
difference was shown. The other content areas are all similarly interesting for the students (HauRler,
Lehrke, et al., 1998). However, boys indicate a continuous and pronounced higher interest in ‘motion
of vehicles” and ‘electricity and electronics’. In comparison, the gender difference is smaller concerning
‘optical instruments’ and ‘thermodynamics’. No gender differences were shown concerning ‘sound pro-
duction’, nor for ‘noise protection’ (HauRler, Lehrke, et al., 1998).

4 HiuRler, Lehrke, et al. (1998) call this content area ‘How the world is built on a small scale’. The introductory
text is about protons, neutrons, and electrons, as well as lasers.
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Four kind of tasks were distinguished in the IPN study, namely receiving information (e.g. read-
ing, listening), hands-on task (e.g. conducting experiments), minds-on task (e.g. calculation), and eval-
uation and discussion (HauRler, Lehrke et al., 1998). As a result of the data analysis only three of the
four tasks remained as factors since all the items on the task ‘receiving information” were assigned to
the content area factors instead. Hauliler, Lehrke et al. (1998) found that students show an equal and
high interest in hands-on tasks, although it decreases when they get older. Moreover, they report a
general high interest in the task ‘evaluation and discussion’. Here, the initial gender difference in favour
of boys evens out when students get older. However, boys indicate a higher interest in the task ‘calcu-
lation’, even though it is the least interesting task for all students (Hauliler, Lehrke et al., 1998).

The learning environment is not specified because, as Haulller (1987) argues, the interest in
the tasks is regardless of the learning environment. However, the instruction text preceding the ques-
tionnaire starts with ‘Dear students, in physics class ...” (,Liebe Schilerinnen, liebe Schiler, Im Physik-
unterricht ..."; HauBler, Lehrke et al., 1998). Thus, their focus was on school as learning environment.

In addition, the students’ interest profiles were used to categorise the students into different
types of interest in physics (HauRler, Lehrke et al., 1998). The interest profiles resulted from a mixed
Rasch analysis. In general, three types of interest in physics were distinguished. In different publications
of the IPN study, the interest types are presented in different versions (HauBler, 1987; HauRler et al.,
1996; HauRler, Hoffmann et al., 1998; HauRler, Lehrke et al., 1998; Langeheine et al., 2001; Rost et al.,
1999; Sievers, 1999). The earlier publications (HaulRler, 1987; Hauller et al., 1996; HauRler, Hoffmann
et al., 1998; HauRler, Lehrke et al., 1998) present the interest types based on the initial analysis of the
data. Here, the hypothesis was that there are two different types. As a result of the analysis the three
interest types A, B, and C were distinguished and presented. Sievers (1999) conducted the latest re-
analysis of the data in his doctoral research project. In this thesis, | refer to the definitions of the interest
types presented in the more recent publications (Langeheine et al., 2001, Rost et al.,1999) that are
based on Sievers’ thesis (1999). Here, the hypothesis was that there are three different types A, B, and
C. As a result of the analysis the three types A, C, and NG were distinguished and presented.

The first type (A) describes students that are generally and highly interested in physics, from
mathematical calculations to discussions about the relevance for society. This type consists mainly of
boys and/or students with high physics-related self-concept (Sievers, 1999). The second type (C) de-
scribes students that are only interests in physics when set in a context that relates to humans and
nature, applications, and relevance for society. This type consists mainly of girls and/or students with
low physics-related self-concept (Sievers, 1999). Type C was found to be a combination of the initially
found types B and C. The initial type B was described as being interested in ‘the more practical side of
physics’, and the initial type C as being interested in ‘the social implications of physics’ (HauRler, Hoff-
mann et al., 1998). The third type (NG) consists of students whose interests are either similar to type A
or type C depending on the content area (Sievers, 1999). The third type (NG) was discussed to result
from the students’ different use of the rating scale. That is, they mostly used the extreme categories of
the rating scale which results in non-ordered (‘nicht geordnet’ in German) thresholds between the rat-
ing scale categories in the interest profile of these students (Sievers, 1999). Since the third type (NG) is
similar to type A or type C depending on the content area, one may argue that only two types of interest
in physics were found in the IPN study.
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Furthermore, HauRler, Lehrke, et al. (1998) found that 60% of the explainable inter-item-vari-
ance can be traced back to the context, and 20% to each, the content and the task. They recommend
the following context characteristics for raising students’ interest: ‘(1) providing opportunities to be
amazed; (2) linking content to prior experiences for both boys and girls; (3) providing first-hand experi-
ences; (4) encouraging discussions and reflections on the social importance of science; (5) letting phys-
ics appear in application-oriented contexts; (6) showing physics in relation to the human body; (7) let-
ting students experience the benefit and use of treating physics quantitatively.” (HauRler, Hoffmann et
al., 1998).

3.4.2. SIQ

The Study Interest Questionnaire (SIQ) was developed by Schiefele et al. (1993) to measure
university students’ interest in a scientific domain. In total it consists of 27 items; 11 items assess the
emotional component of interest (e.g. ‘After a long weekend or holiday, | look forward to my studies’),
9 items assess the value-related component (e.g. ‘It is more important to me to engage with my studies’
contents than to have leisure time and entertainment’), and 7 items assess the intrinsic character of
interest (e.g. 'l chose my studies because of its interesting contents'; Schiefele et al., 1993). The students
express their degree of agreement to each item on a 4-category rating scale ranging from strongly
disagree, disagree, agree, to strongly agree. The SIQ does not involve any introduction to the object of
interest (i.e. to the scientific domain). The SIQ was validated in a study with university students aged 22
to 25 years (N = 298) from different programmes (e.g. economics, engineering, and education). Schiefele
et al. (1993) also assessed other variables, such as intrinsic motivation, using scales developed by other
researchers. For example, they showed that interest in one’s field of study is significantly and positively
associated with intrinsic motivation (r = 0.46), achievement (r = 0.33), and the learning strategies
elaboration (r = 0.48) and information seeking (r = 0.45; Schiefele et al., 1993).

3.4.3. PISA studies

In the PISA (Programme of International Student Assessment) studies 15-year-old students’
ability to use their reading, mathematics and science knowledge and skills to meet real-life challenges
are measured. Since 2000, a PISA study usually takes place every three years with different focus. So
far, PISA has involved more than 90 countries and economies and around 3 million students worldwide.

PISA 2006

The PISA 2006 study focused on science. For example, it included eight rating scale items on
general interest in science (OECD, 2007a). The students had to rate their interest in learning about the
eight different areas of natural science ‘physics contents’, ‘chemistry contents’, ‘plant biology’, ‘human
biology’, ‘astronomy contents’, ‘geology contents’, ‘how scientists design experiments’, and ‘what is
required for scientific explanations’ (Frey et al., 2009). The students were asked: ‘How much interest
do you have in learning about ...?" (OECD, 2005). The rating scale comprised the four categories ‘high
interest’, ‘medium interest’, ‘low interest’, and ‘no interest’ (OECD, 2005). These items focus on the
cognitive-epistemic component of interest. In addition, other student characteristics were assessed,
such as self-efficacy, ability self-concept, and perceived recognition by the teacher in science. For ex-
ample, the ability self-concept in science was assessed with six items as listed in Table 4. The students
had to indicate their agreement to each item on a 4-category rating scale ranging from strongly agree,
agree, disagree, to strongly disagree.
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Table 4. The six items used to assess ability self-concept in the PISA 2006 study (OECD, 2005; Buccheri
etal., 2011)

Item wording

Learning advanced <school science> topics would be easy for me

| can usually give good answers to <test questions> on <school science> topics

| can learn <school science> topics quickly

<School science> topics are easy for me

V| WIN| | X

| can easily understand new ideas in <school science>

6 | When | am being taught <school science>, | can understand the concepts very well

Note: In the German version of the questionnaire ‘<school science>’ is expressed as ‘Naturwissenschaf-
ten’ and ‘<test questions>’ as ‘Priifungsfragen’ (Frey et al., 2009).

In accordance with the SIQ results, the PISA 2006 study suggests that higher general interest in
science is associated with higher performance values (OECD, 2007a). For the pooled OECD sample the
correlation between interest in science and science performance is significant, yet relatively low (r =
0.13; OECD, 2007a). Stern et al. (2009) analysed the Austrian® results in detail. They point out that the
significant correlation between interest in science and performance (r = 0.24) is lower than the signif-
icant correlation of science performance with science self-efficacy (r = 0.44; Stern et al., 2009). In-
deed, also for the pooled OECD sample the significant correlation between science performance and
self-efficacy is relatively higher (r = 0.33; OECD, 2007a). In addition, Stern et al. (2009) also analysed
the significant correlations between interest and other student characteristics, namely science self-
efficacy (r = 0.45), science ability self-concept (r = 0.47), instrumental motivation to learn science
(r = 0.43), future-oriented motivation to learn science (r = 0.48), enjoyment of science (r = 0.62),
general value of science (r = 0.43), and personal value of science (r = 0.53).

Concerning the assessed areas of natural science, two thirds of participants indicated interest
in learning about ‘human biology’ on average across OECD countries, whereas about half of students
indicated interest in learning about the other areas (OECD, 2007a). A little less interest was shown in
learning about ‘geology’ and ‘what is required for scientific explanations’ (OECD, 2007a). Across most
participating countries no interest differences related to gender were observed for the eight general
interest items (OECD, 2007a). For the Austrian participants, Stern et al. (2009) highlight the relatively
higher interest in learning about ‘human biology’ and ‘how scientists design experiments’ compared to
the OECD average. Moreover, they sum up the participants who indicate high or medium interest and
point out gender differences. Whereas girls indicate higher interest in learning about ‘human biology’
(19%), ‘plant biology’ (18 %), and ‘astronomy’ (6%), boys indicate higher interest in learning about
‘physics’ (26%), ‘chemistry’ (16%), ‘how scientists design experiments’ (8%), ‘geology’ (7%), and ‘what
is required for scientific explanations’ (7%, Stern et al., 2009). Stern et al. (2009) argue that from a
student’s point of view the eight general interest items rather concern the school subjects than the
scientific domains. In the German student questionnaire students had to choose their favourite subject
out of biology, physics, and chemistry (Frey et al., 2009). Similar to the results of the general interest
items, 42% of German participants preferred biology, contrary to 24% who preferred chemistry and
21% who preferred physics (Frey et al., 2009).

5 Stern et al. (2009) discuss that their analysis of the Austrian participants can also be applied to participants
from Switzerland, Germany, and Luxembourg.
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In addition to the general interest items, the PISA 2006 study consisted of 37 test units. Each
unit began with an introductory text and a graph or a picture about the science content set in a context
followed by the cognitive test items. 18 of the test units were accompanied by in total 52 embedded
items on interest in the science content and context of the respective units (OECD, 2007a). The focus
of the embedded interest items in PISA 2006 is on ‘learning more’, ‘knowing more’, and ‘understanding
better’, that is, on the cognitive-epistemic component of interest. Stern et al. (2009) analysed the re-
sults of the embedded interest items and compared them to the results of the non-embedded interest
items for the Austrian participants. They found that when using embedded interest items, 73% of girls
and 75% of boys indicate high or medium interest in physics. When using non-embedded interest items,
36% of girls and 62% of boys indicate high or medium interest in physics (Stern et al., 2009). Stern et al.
(2009) conclude that the expressed interest in physics is higher and the gender difference is much
smaller when using embedded items on interest in physics. They argue that the participants indicate
their interest in the school subject when confronted with the general interest items and their interest
in specific aspects of a scientific domain when confronted with embedded items (Stern et al., 2009).
Stern et al.’s findings (2009) about the difference between domain interest and subject interest align
with findings of the IPN study (HauRler, Lehrke et al., 1998).

Prenzel et al. (2007) also analysed the interest expressed in the embedded interest items by
the students focusing on the fourth performance quartiles, that is, the highest-performing 25% of stu-
dents in each country. They compared the data of Australia, Austria, Canada, Germany, Finland, the
Netherlands, and Switzerland. They found that in all analysed countries there is a balanced gender dis-
tribution in the fourth performance quartile (percentage of girls ranging from 43% to 49%). Prenzel et
al. (2007) also divided the participants of each country into four interest quartiles. Then, they analysed
the percentage of high-performing students per interest quartile. They found that in the third and
fourth interest quartile the high-performers are slightly overrepresented which is true for all analysed
countries (e.g. 29% of German high-performers in the fourth and 28% in the third interest quartile).
Prenzel et al. (2007) conclude that performance and interest are positively correlated, when using em-
bedded items for measuring interest. Moreover, they analysed if gender is relevant for the expressed
interest. They found that in all analysed countries and corresponding interest quartiles high-performing
girls are neither over- nor underrepresented (percentage of high-performing girls ranging from 41% to
51%; Prenzel et al., 2007). Finally, Prenzel et al. (2007) investigated which aspects are associated with
the interest expressed by German students utilising a regression analysis. They considered gender, so-
cial background, type of school, and different instruction characteristics (‘Unterrichtsmerkmale’) in
their regression model. They found that only one aspect significantly contributes to modelling the stu-
dents’ interest, namely the instruction characteristic ‘frequency of scientific modelling and applying’
(‘Haufigkeit des naturwisschenschaftlichen Modellierens und Anwendens’). They point out that gender
does not significantly contribute to modelling the students’ interest (Prenzel et al., 2007).

Drechsel et al. (2011) also focused on the embedded interest items and analysed the students’
expressed interest in the contents and contexts of the cognitive test units. They used a random sample
of about 25 500 students from the 30 participating OECD countries representing 10% of the cases of
the complete dataset. They found that a 4-dimensional content model that distinguishes between
‘earth and space’, ‘living’, ‘physical’, and ‘technology’ best describes the sample, followed by a
4-dimensional context model that distinguishes between ‘health and environment’, ‘frontiers’, ‘haz-
ards’, and ‘resources’. Yet, for further analyses they used a 2-dimensional content model distinguishing
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between ‘living systems’ (22 items) and ‘physical and technology systems’ (30 items) because this dis-
tinction ‘resembles the content structure of science as a domain very well, as seen from a student
perspective’ (Drechsel et al., 2011). They found that boys and girls are equally interested in living sys-
tems but there are gender differences concerning physical and technology systems. Boys are more in-
terested in physical and technology systems than in living systems, whereas it is the opposite for girls.
The gender difference concerning physical and technology systems is statistically significant (Drechsel
et al.,, 2011). When focusing on students of the highest performance quartile, the gender differences
and gender specific preferences are similar (Drechsel et al., 2011). Moreover, Drechsel et al. (2011)
pointed out that high-performing boys are equally interested in both systems. Overall, high-performing
students are significantly more interested in both systems than other students (Drechsel et al., 2011).

Olsen and Lie (2011) did cluster analysis with regard to countries and items. They distinguished
between European and non-European countries, as well as between items on living systems and on
physical/technological systems (Olsen & Lie, 2011). The latter distinction is in line with Drechsel et al.
(2011). Utilising a cluster analysis, Olsen and Lie (2011) found that within the cluster ‘living systems’,
most items relate to plants and agriculture, and within the cluster ‘physical/technological systems’,
most items relate to fires and pure or frontier science (e.g. evolution or genetics). Moreover, they found
that non-European countries are more interested in items on living systems which may be explained by
their relation to basic needs for survival. European countries, on the contrary, indicate higher interest
in items on physical/technological systems (Olsen and Lie, 2011).

Buccheriet al. (2011) analysed the data of high-performing Finish, Swiss, Korean, and Australian
students. In this study ‘high-performing’ refers to the students that have achieved the two highest lev-
els of performance in science or in mathematics. They found that in Korea, Finland, and Switzerland
girls show significantly more interest in human biology than in chemistry, in which they indicate again
significantly more interest than in physics. Finish and Swiss girls are overrepresented in medicine as a
vocational aspiration (Buccheri et al., 2011). Males in Australia, Finland, and Switzerland ‘are equally
interested in chemistry and physics and more interested in these than in biology’ (Buccheri et al., 2011).
In all four countries male students are overrepresented in vocational aspirations such as engineering
and physics (Buccheri et al., 2011). Buccheri et al. (2011) also found that in all four countries ‘female
high-performers have a significantly lower [ability] self-concept in sciences than their male colleagues’.
They also found that the gender differences in vocational choices are only partly due to interest and
argue based on Eccles et al. (1998) that fostering the students’ ability self-concept in science and their
perceived utility of a science career might also foster corresponding career aspirations (Buccheri et al.,
2011).

In sum, the PISA 2006 study assessed students’ interest in physics using one non-embedded
interest item (‘physics contents’), and additionally it assessed students’ interest in physics using several
items embedded in the different test units, which may resemble a typical classroom situation better. It
confirmed findings from the IPN study that gender differences in interest are less pronounced when
using embedded items and that interest is associated with other student characteristics, such as sci-
ence-related ability self-concept.
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PISA 2015

The PISA 2015 study focused again on science. The German student questionnaire assessed
students’ interest in different school subjects (Mang et al., 2019). The students were asked ‘How much
interest do you have in the following school subject?” and had to answer on a four-category rating scale
ranging from high interest, medium interest, low interest to no interest. 29% of the German students
reported high or medium interest in biology, compared to 22% in chemistry and 20% in physics (Mang
et al., 2019). These results are in line with the findings of the PISA 2006 study (Mang et al., 2019).

Moreover, the PISA 2015 study included 14 general interest items on five broad science topics
or subjects (biosphere, motion and forces, energy and its transformation, the universe and its history,
how science can help us prevent disease; OECD, 2016). The students were asked ‘How much interest
doyou have in learning about the following science topics?’ and had to answer on a four-category rating
scale ranging from high interest, medium interest, low interest to no interest. In contrast to the PISA
2006 study, there were no interest items embedded in the test units. However, other student charac-
teristics, such as self-efficacy in science, were also assessed.

. . . On average, 66% of
Interestin broad science topics o e )
OECD participants indicate high

or medium interest in ‘how sci-
ence can help us prevent dis-
ease’ and ‘the universe and its
history’, compared to 49% be-
ing interested in ‘energy and its

transformation’, 46% in ‘motion

w

and forces’, and 41% in ‘bio-

0%  10% 20% 30% 40% 50% 60% 70% 80%  sPhere’ as shown in Figure 3
(OECD, 2016). Moreover, there

are some striking gender differ-

H Girls ® Boys All students

Figure 3. Students’ interest in five broad science topics. ences. According to OECD
1) Biosphere (e.g. ecosystem services, sustainability), (2016) ‘boys are more inter-
2) Motion and forces (e.g. velocity, fiction, magnetic and gravitational ested than girls in physics and

forces), chemistry (“motion and

3) Energy and its transformation (e.g. conservation, chemical reactions), forces”, “energy and its trans-

4) The Universe and its history, and formation”), while girls tend to

5) How science can help us prevent disease (OECD, 2016 . .
) pusp ( ) be more interested in health-
related topics (“how science can help us prevent disease”)’. A weakness with this argument is that it
involves categorising into boys’ and girls’ content areas. Yet, it is apparent in Figure 3 that the suppos-

edly girls’ content areas are even more interesting for boys than the supposedly boys’ content areas.

Salchegger et al. (2016) further analysed the Austrian results in comparison to some OECD
countries. They highlight that the average interest of Austrian participants is higher than the OECD av-
erage and that there is a pronounced gender difference in Austria with boys being more interested than
girls. In addition, in Austria and on OECD average there is a significant positive correlation between
performance and interest in science (ryr = 0.29 and rgogcp = 0.26), although this does not apply to all
participating countries (Salchegger et al., 2016). In comparison to some OECD countries, Austrian
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participants report the least self-efficacy and there is a pronounced gender difference with boys having
a more positive self-efficacy (Salchegger et al., 2016). Finally, in Austria and on OECD average there is a
significant positive correlation between interest and self-efficacy (ry7 = 0.34 and 15gcp = 0.32; Sal-
chegger et al., 2016).

Radisi¢ et al. (2021) further analysed the data obtained from students in Italy. Utilising a latent
profile analysis, five groups of students were distinguished based on their interest, enjoyment, instru-
mental motivation, self-efficacy, epistemological beliefs, and activities in science (Radisi¢ et al., 2021).
The biggest group (59%) are the ‘informal inquirers’” who practice their interest in science through lei-
sure activities. The second largest group (24%) are the ‘uninterested’ students who, on average, enjoy
science less and engage less in school or leisure science activities. In contrast, the ‘scientists’ (12%), on
average, enjoy and are interested in school science and in leisure science activities the most and have
the highest self-efficacy and instrumental motivation. The ‘uncommitted’ (3%) have the lowest levels
on all considered variables. Finally, the ‘practical inquirers’ (2%) have a high self-efficacy and instru-
mental motivation, engage in leisure science activities but have the lowest interest in science topics
(Radisi¢ et al., 2021). The ‘scientists’ have the highest performance mean, followed by the ‘informal
inquirers’, and the ‘uninterested’ (Radisi¢ et al., 2021).

In sum, the PISA 2015 study only assessed students’ interest in broad physics topics using non-
embedded items. It confirmed findings from the PISA 2006 study that gender differences in interest are
more pronounced regarding topics relating to technological systems (e.g. motion and forces) compared
to topics relating to living systems (e.g. biosphere). Moreover, it confirmed findings from the IPN and
PISA 2006 studies that interest is associated with other student characteristics, such as science-related
self-efficacy.

3.4.4. Embedded items in biology education research

Rosler et al. (2014) examined how interesting and motivating contexts are associated with per-
formance in biology tests, focusing on grade 10 students (N = 1543). They distinguished between the
competencies ‘content knowledge’ and ‘decision-making’ (Rosler et al., 2018). The items were set in
the four different context areas ‘health’ (contexts: nutrition and drugs), ‘environment’ (contexts: water
quality and air quality), ‘technology’ (contexts: environmental technology and food technology), and
‘natural resources’ (contexts: soil resources and agriculture). For each context they developed a com-
mon stimulus text and four corresponding items for both competencies, as well as competency-specific
stimulus texts and four corresponding items, resulting in 16 items per context (Rosler et al., 2014, 2018).
Summing up across the eight contexts, their competency test consisted of 128 items. Furthermore,
they developed a questionnaire about interest (individual and situational) and motivation (expectations
about how successfully a task will be completed and value of the expected result; 116 items adapted
from past empirical studies; Rosler et al., 2018). Using a multi-matrix-design, all items were distributed
across 32 booklets with 21 items each (Rosler et al., 2018). Like in the PISA 2006 study, the question-
naire items were embedded; that is, they were presented after each set of four competency items.
Rosler et al. (2018) observed that the context does not affect the average item difficulty. However, they
found that students’ situational interest differs across the contexts. Here, they confirmed previous find-
ings that health is the most interesting context area for students, followed by environment, whereas
students express rather low interest in technology and natural resources. In addition, they found that
competence correlates significantly with individual interest (r = 0.18), situational interest (r = 0.28),
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expectancy (i.e. expectations about how successfully a task will be completed, r = 0.40) and value (i.e.
value of the expected result, r = 0.27). They describe the influence of interest and motivation on per-
formance utilising a structural equation model. In this model, there is a significant positive association
of situational interest with expectancy (r = 0.38) and value (r = 0.63), and of expectancy with value
(r = 0.57). Individual interest has no direct influence on competence but a significant direct influence
on situational interest (r = 0.39), expectancy (r = 0.27) and value (r = 0.33). The indirect influence
of individual interest on competence is mediated by situational interest and the expectancy component
of motivation. Situational interest and expectancy have a significant influence on competence (r =
0.14 andr = 0.37). Individual and situational interest, and expectancy together account for 18% of the
variance in competence (Rosler et al., 2018).

3.4.5. ROSE study

The ROSE (Relevance of Science Education) study focused on 15-year-old students’ interest in
science and was carried out from 2002 to 2006 (Schreiner & Sjgberg, 2004; Sjgberg & Schreiner, 2010,
2012). The ROSE questionnaire comprised 108 rating scale items asking the participants what they want
to learn about. Thus, the focus of the ROSE survey was on the cognitive-epistemic component of inter-
est which is similar to the PISA 2006 study. The survey did neither include a stimulus text, picture, or a
graph, nor were the students directly involved with a task. Schreiner and Sjgberg (2004) distinguished
between 10 content areas (‘subject’) and 10 context areas. However, ‘some matters can be regarded
as a subject and as a context’ (Schreiner & Sjgberg, 2004). Moreover, Holstermann and Bogeholz (2007)
argue that some matters were not considered although they are common part of science education
(e.g. structure and function of cells), whereas other topics that are not relevant for science education
(e.g. ghosts, witches, and whether they exist) were investigated. The ROSE study found that the general
interest in science is lower, the more developed a country is (Sjgberg & Schreiner, 2012). In line with
the IPN study, it showed that the context is key for understanding the students’ interest. When analys-
ing the data, the focus of the ROSE study was on gender differences. Sjgberg and Schreiner (2012)
concluded that boys ‘and NOT the girls” are interested in ‘technical, mechanical, electrical, spectacular,
violent, [and] explosive’ matters. On the other hand, girls ‘and NOT the boys’ are interested in ‘[h]ealth
and medicine, beauty and the human body, ethics, aesthetics, wonder, speculation’, and ‘the paranor-
mal’. As outlined above for findings of the PISA 2015 study, such argumentation may not describe the
analysis results well because it suggests that, for example, girls’ topics are not interesting for boys.

In contrast, Jenkins and Nelson (2005) analysed the data obtained from a sample of 1277 stu-
dents from the ROSE study in England. When reporting their results, they point not only to gender
differences but also highlight similarities:

‘Although the distribution of interests among boys and girls is very different, it is important
to acknowledge that a high level of interest in a given topic by one gender does not nec-
essarily mean that the same topic is of no interest to the other. For example, although
“Black holes, supernovae and other spectacular objects in outer space” is a topic which
most boys indicate strongly they would wish to learn about, the topic is also of interest to
girls [...]. Likewise, boys would also like to learn about “Why we dream when we are sleep-
ing and what the dreams may mean” [...]. In contrast, boys are not interested in learning
about “Eating disorders” (mean score 2.03) and girls show little enthusiasm for under-
standing “How the atom bomb functions” (mean score 2.27).” (Jenkins & Nelson, 2005)
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Holstermann and Bogeholz (2007) analysed a sample of 265 German students in detail who had
participated in the pilot study of the ROSE study in Germany. Their factor analysis resulted in 13 factors.
To enhance the reliability, they excluded nearly half of the items and assigned 57 items to the 13 fac-
tors. Their results indicate that girls and boys express equal and high interest in ‘bodily harms’, ‘the
universe’, and ‘research’, equal and relatively lower interest in ‘natural phenomena’, ‘animals’, and ‘hu-
mans and the environment’, as well as equal but relatively even lower interest in ‘agriculture and plants’
(Holstermann & Bégeholz, 2007). However, girls show high interest in ‘diseases and epidemics’, ‘bodily
functions’, and ‘body awareness’. Boys indicate interest in these topics as well, although it is less pro-
nounced. The interest difference is the largest for ‘body awareness’. Moreover, girls express high inter-
est in ‘the paranormal’ unlike boys. Boys show high interest in ‘physics and technology’ and in ‘danger-
ous applications’. Girls indicate interest in these topics as well, although it is less pronounced (Holster-
mann & Bogeholz, 2007).

3.4.6. Studies about different context characteristics in chemistry education re-
search

van Vorst et al. (2014) conducted a study about context characteristics and their influence on
grade 9 students’ interest in chemistry education. They set tasks in one of three context areas (nature,
leisure time, and traffic). Fechner et al. (2015) state that it is only possible ‘to design contexts with a
high potential to generate content-related situational interest’ if ‘detailed characteristics of a context
are worked out and substantiated’. A model for operationalising context characteristics was proposed
by van Vorst et al. (2014) based on a literature review as well as their own study. They describe three
main characteristics, namely authenticity, familiarity, and topicality. Several past empirical studies have
investigated the association of students’ interest with the familiarity and the topicality of a context as
presented in the following.

a) Familiarity: ‘Familiarity’ refers to the subjective perception of frequency and regularity with
which a person encounters a context (van Vorst et al., 2014). van Vorst et al. (2014) distinguish between
contexts with relation to everyday life and unique contexts. They propose that a context is strongly
related to the everyday life of a person when the frequency of encounters is high, whereas the charac-
teristic ‘uniqueness’ represents the opposite (van Vorst et al., 2014). The term ‘uniqueness’ has already
been used by HauRler, Hoffmann et al. (1998) for explaining unexpected high interest arousals. For
example, some items are particularly interesting in combination with certain content areas
(e.g. nuclear power plant shortly after the accident in Chernobyl; HauRler, Hoffmann et al., 1998). How-
ever, in their study van Vorst et al. (2018) show that the emotional valence of unique contexts is higher
than the emotional valence of daily life contexts. The same holds true for learning with unique contexts
in comparison to daily life contexts (van Vorst et al., 2018). Overall, the interest in contexts was rated
higher than the interest in learning with these contexts (van Vorst et al., 2018). In addition, Habig et al.
(2018) examined the interest in contexts over a longer time-span, in particular when using the same
context in three consecutive tasks. They show that the emotional valence decreases in general but it
decreases more when using unique contexts in comparison to daily life contexts. The value-related va-
lence also decreases and again the decrease is less pronounced when using daily life contexts (Habig et
al., 2018). Habig et al. (2018) also analysed the effect of individual subject and domain interest. Here,
they show that students with high individual interest indicate higher interest in unique contexts thanin
daily life contexts, whereas it is the opposite for students with low individual interest (Habig et al,,
2018).
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b) Topicality: Furthermore, van Vorst et al. (2014) distinguish between contexts that are up-to-
date or not. They argue that, although topicality is subjective, societal trends exist (e.g. due to the sea-
sons of the year or media). Here, van Vorst et al. (2018) show that topicality is not significantly associ-
ated with the emotional valence of contexts nor of learning with these contexts. However, they point
to limitations of their study with respect to the topicality of their contexts (van Vorst et al., 2018).

3.4.7. RIASEC+N studies

The RIASEC+N studies were based on the RIASEC+N-model which was introduced by Dierks et
al. (2014; see Section 2.2.3.).

Blankenburg et al. (2016) focused on German grade 6 students (N = 474) and compared tasks
regarding three different contents set in a daily-life context. In particular, the physics content ‘buoy-
ancy’ was set in the context ‘floating and sinking of objects like ships’, the chemistry content ‘combus-
tion” in the context ‘candles’, and the biology content ‘flora and ecosystem’ in the context ‘plants’. The
learning environment is school. Blankenburg et al. (2016) found that in all three content-context-com-
binations the realistic and investigative tasks are the most interesting, whereas the social and enter-
prising tasks are the least interesting. Moreover, students who indicate higher interest in a certain con-
text are more interested in all activities in that context. This is also true for tasks (Blankenburg et al,,
2016). However, girls indicate a higher interest than boys in artistic tasks in the physics and chemistry
content-context-combinations as expected by Blankenburg et al. (2016). Boys, on the contrary, show
higher interest than girls in social tasks in the physics content-context-combination. This result was
unexpected and Blankenburg et al. (2016) explain it by the higher science-related self-concept of boys.

Dierks et al. (2016) focused on German grade 8 to 12 students (N = 247) and compared stu-
dents’ interest in different tasks in three different learning environments, namely school, enrichment,
and vocation. They found that, in general, social and networking tasks are the most interesting, whereas
artistic tasks are the least interesting. Students with high self-concept, and students with high general
interest are more interested in all tasks and environments (Dierks et al., 2016). Moreover, high-achiev-
ers indicate higher interest in all tasks (Dierks et al., 2016).

Hoft et al. (2019) examined the interest in tasks, while focusing on school as learning environ-
ment and the three chemistry contents ‘chemical reaction’, ‘energy’, and ‘matter’. Their focus was on
the long-term relationship between conceptual understanding and interest (Hoft et al., 2019). They
conducted a cross-sectional study with grade 5 to 11 students (N = 2510). Their questionnaire consisted
of a part on conceptual understanding involving 30 classical or ordered multiple choice items (i.e. four
grade-specific and six anchor items on each of the three contents). The part of the questionnaire on
interest in tasks consisted of the 28 RIASEC+N items (i.e. four items per each RIASEC+N task; Hoft et al,,
2019). In line with previous findings, Hoft et al. (2019) found that students’ interest in all tasks in school
declines more or less monotonically from grade to grade, whereas conceptual understanding generally
increases. However, the interplay between interest in tasks and conceptual understanding differs
across tasks (Hoft et al., 2019): For investigative, social, networking, and enterprising tasks, it is a small
to middle-sized positive association, which increases from grade 7 to 11. Hoft et al. (2019) argue that
this is due to the specific characteristics of these tasks, which come along with higher attention, persis-
tence, and advanced learning strategies. For realistic tasks (i.e. solely the hands-on part of experi-
ments), they found a small positive, and almost stable association between interest and conceptual
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understanding. Thus, they argue that without the minds-on part, experiments do not contribute to a
higher conceptual understanding. For artistic and conventional tasks, the association is negligible. Hoft
et al. (2019) argue that this is due to the specific characteristics of these tasks, which are usually not
cognitively demanding nor contribute to a feeling of relatedness.

Furthermore, Hoft and Bernholt (2019) examined how students’ interest in school science tasks
develops over grades 9 to 11 and whether this relation is directed or reciprocal. They used the same
guestionnaire as Hoft et al. (2019). In line with Hoft et al. (2019), H6ft and Bernholt (2019) found that,
whereas the interest in all tasks declines from grade to grade, the conceptual understanding increases.
In addition, they observed that conceptual understanding is reciprocally associated with interest in in-
vestigative, social and networking tasks. Furthermore, H6ft and Bernholt (2019) found that interest in
enterprising tasks is positively associated with conceptual understanding. They explain this with the
characteristics of these tasks. Investigative and networking tasks usually result in cognitive activation
and knowledge gain, and enterprising and social tasks involve top-down-like exchange of knowledge
between students (Hoft & Bernholt, 2019). They suggest that further analysis is necessary. For example,
to understand the effect of enterprising tasks better, focusing on the students’ self-concept is recom-
mended (Hoft & Bernholt, 2019).

3.4.8. ASPIRES

The ASPIRES project explored the science aspirations and career choices among 10- to 14-year-
old students in England in a five-year longitudinal study (Archer et al., 2013; DeWitt et al., 2013, 2015).
A quantitative online survey was administered to 10/11-year-old students in the first phase. The stu-
dents were tracked and surveyed again at ages 12 and 14 (second and third phase). More than 9000
Year 6 students participated in the first phase.

‘There was no notable gender difference within the 648 children who were classified as
“uninterested in science” (i.e. those who recorded the lowest scores on all the five science
aspirations items), but notably fewer girls (N = 92, 37%) than boys (N = 159, 63%) were
classified as being “science keen” (N = 251) (i.e. those scoring very highly on all five science
aspirations items). That is, of the overall sample, 3.4% of the boys were classified as “sci-
ence keen” and 2.0% of girls.” (Archer et al., 2013)

However, most of the students (more than 70%) indicated that they enjoy science, have posi-
tive views of scientists, take part in science-related activities in their free time, and that their parents
value science. Yet, only few (less than 17%) indicated that they aspire a science career. More than 4500
grade 9 students (aged 14 years) participated in the third phase (out of which only about 1000 had
participated in the first phase too). For both grade 6 and grade 9 students, aspirations in science were
positively associated with the parents’ positive attitudes towards science, positive science-related abil-
ity self-concept, and positive experience of school science (DeWitt et al., 2013, 2015).

In line with findings from the ROSE study carried out in England (Jenkins & Nelson, 2005), the
ASPIRES study points to the difference between students’ positive attitudes towards science or doing
science and their rather rare vocational aspirations to be a scientist (Archer et al., 2010; DeWitt et al.,
2013). Archer et al. (2010) termed this disparity the ‘being-doing divide’ (Archer et al., 2010). DeWitt
and Archer (2015) suggest that students’ identity is crucial for translating attitudes into aspirations.
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3.4.9. HOPE

The Horizons in Physics Education (HOPE) project investigated the views of first-year physics
students (Levrini et al.,, 2017). In the HOPE questionnaire, students were asked to indicate the im-
portance of different factors for their choice to study physics. The HOPE questionnaire consisted of 20
rating-scale items covering the six aspects ‘personal interest’, ‘job perspectives’, ‘school experience’,
‘out-of-school experience’, ‘targeted recruitment efforts’, and ‘science/physics capital’. The students’
interest was measured using five items (e.g. ‘A wish to acquire a deep understanding of the Universe’,
‘Wanting to understand how things work’, ‘A wish to learn advanced physics’). The questionnaire was
inspired by the ASPIRES (described above) and the Colorado Learning Attitudes about Science Survey
(CLASS) instruments. The CLASS assesses university students’ beliefs about physics and learning physics
(e.g. personal interest in physics; Adams et al., 2005).

In total, 2485 first-year university physics students from 31 partners in 18 different European
countries participated in the study. Levrini et al. (2017) found that factors related to individual interests
are more important than those related to the school experience (e.g. teacher and school marks) or
recruitment efforts (e.g. visits to and from universities). There was a moderate statistically significant
gender difference as female students tend to be more motivated by recruitment efforts (Levrini et al.,
2017). Second, 94 semi-structured individual interviews (50 male and 44 female students) were carried
out in 16 universities on a selection of students who had previously answered the questionnaire. In
particular, the main motivational factor ‘personal interest and curiosity’ was unfolded into different
categories to gain ‘a more fine-grained picture of the different kinds of interest and curiosity the stu-
dents have’ (Levrini et al., 2017). Levrini et al. (2017) distinguished between the ‘two macro categories:
(A) curiosity to understand the world, natural phenomena and the Universe; and (B) interest in physics
knowledge as a special way of knowing, investigating, questioning and thinking’. Following Luce and Hsi
(2014), category A was further described in terms of the three sub-categories ‘Mechanisms underlying

.

phenomena’ (e.g. asking how something works), ““teleological” cluster’ (e.g. asking why processes oc-
cur), and ‘inconsistency/surprise/wonder’ (Levrini et al., 2017). Category B was further described in
terms of the six sub-categories ‘mindset of physicists, rational thinking and problem solving’, “Think
different-and-critical”’, ‘math cluster’, ‘experiment/real world connection’, ‘theoretical modelling’, and
‘never-ending questioning’ (Levrini et al, 2017). Students who did not specify their interest or curiosity
in such a clear way were categorised into category AB ‘Generic fascination’. Other categories were the
‘application cluster (C)’, the ‘philosophy cluster (D)’, the ‘societal engagement cluster (E)’, the ‘job clus-
ter (F)’, the ‘personal challenge cluster (J)’, and ‘other (K)’. Most students (80 out of 94) gave answers
that were categorised in category A or B or both (Levrini et al., 2017). Nine of the remaining students
gave answers categorizable only in category AB and five students gave answers categorizable only into
Cto K. Gender differences in the two macro categories A and B were not significant which might be due

to the small sample size as Levrini et al. (2017) argue.

3.4.10. Physics identity studies

The physics identity studies investigated the views of university students enrolled in an intro-
ductory calculus-based physics course, which is usually taken by engineering or physical sciences stu-
dents in their first year (Kalender et al., 2019a, 2019b, 2020). In the physics identity questionnaire,
students were asked to indicate their agreement to 14 items on their physics identity, perceived recog-
nition, competency beliefs, and interest (see Table 5). The students had to rate their agreement to the
identity and perceived recognition items on a 4-category rating scale ranging from strongly agree,
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agree, disagree to strongly disagree. The items on physics identity and perceived recognition were in-
spired by a study by Hazari et al. (2010) who introduced the physics identity framework (as discussed
in Sections 2.3.2. and 3.3.2.). The physics identity item refers to the students’ internal identity and the
physics perceived recognition items to their external identity (Kalender et al., 2019a). The items on
physics competency beliefs were inspired by the CLASS and other instruments. The items on physics
interest were inspired by the Fascination in Science instrument by Chung et al. (2016).

Table 5. The items used to assess physics identity, physics perceived recognition, physics competency
beliefs, and physics interest in the physics identity studies (Kalender et al., 2019a, 2019b).

Assessed variable [tem(s)

Physics identity | see myself as physics person

My parents see me as physics person

Physics perceived

. My friends see me as physics person
recognition

My TA or Instructor see me as physics person

I am able to help my classmates with physics in the laboratory or in recitation

| understand concepts | have studied in physics

Physics competenc
Y P Y If  wanted to, | could be good at physics research

beliefs . .
If | study, | will do well on a physics test
If  encounter a setback in a physics exam, | can overcome it
| wonder about how physics works
In general, | find physics
Physics interest | want to know everything | can about physics

| am curious about recent physics discoveries

| want to know about the current research that physicists are doing

Utilising a structural equation model, the physics identity studies suggest that the relation be-
tween gender and physics identity is mediated by the students’ perceived recognition, and additionally
by their competency beliefs and interest (Kalender et al., 2019b). The model showed that gender has a
significant direct effect on perceived recognition (§ = 0.27) with female students indicating less per-
ceived recognition than males and that students’ perceived recognition has a significant direct effect
on their physics identity (8 = 0.59), competency beliefs (8 = 0.54), and interest (8 = 0.64). The sig-
nificant direct effect of gender on interest is comparatively weak (8 = 0.16; Kalender et al., 2019b).
Utilising a principal component analysis by gender, they showed that physics identity and interest are
strongly aligned and do not factor out separately for either gender (Kalender et al., 2019a). There was
one exception, namely for female students the perceived recognition (i.e. external identity) item ‘My
TA or instructor see me as a physics person’ loads strongly with the factor ‘self-efficacy or belonging’
instead of ‘interest or identity” (Kalender et al., 2019a). That is, female students’ perceived recognition
by their TA or instructor is closely linked to their self-efficacy and sense of belonging in a physics class-
room (Kalender et al., 2019a). Here, it is important to remember that sample comprised university stu-
dents enrolled in an introductory calculus-based physics course, which is usually taken by engineering
or physical sciences students in their first year.

Godwin et al. (2016) applied the physics identity framework to engineering education. Utilising
a structural equation model, they found that perceived recognition in physics has the largest significant
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direct effect on physics identity (8 = 0.72). They emphasise that ‘[s]tudents who feel recogni[s]ed by

”r

their peers, family, and teachers are more likely to identify as a [...] “physics person”’ (Godwin et al.,
2016). The significant direct effect of interest on physics identity is comparatively smaller (8 = 0.37).
The model also showed that competency beliefs have very large significant direct effect on interest and

on perceived recognition (f = 0.91 and f = 0.81; Godwin et al., 2016).
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4. RESEARCH INTEREST

In the previous chapters, | introduced the theoretical and empirical background (Chapters 2
and 3) of my doctoral research project. Both the theoretical and empirical literature show that students’
interest in physics is intertwined with a broad range of desired educational outcomes, such as physics-
related self-concept, achievement, and course and career choices. However, several open questions
about students’ interest in physics remain that my doctoral research project aims to address, for exam-
ple, ‘Into which different types of interest in physics students can be categorised while additionally
considering particle physics as a modern physics content area?’ and ‘How interesting are different con-
texts relative to each other within these interest types?’. Even though we already know a lot about
some of the possible instructional approaches based on contexts that foster students’ interest, studying
them in terms of the students’ types of interest and extending them to modern physics content areas,
such as particle physics, may be useful for educational practice.

4.1. Limitations of past empirical studies

Although several studies examined students’ interest in physics, the generalisability of their
results for educational practice is limited. Most past studies assess students’ general interest in physics
as a domain or school subject instead of specific content areas. In addition, the focus usually is on sex-
or gender-related issues of physics education, which has several limitations and may increase the per-
ception of differences between different sexes or genders. Since teachers commonly encounter mixed-
sex or -gender classrooms, they require recommendations on how to foster interest of most students
(not only of ‘the girls’ or ‘the boys’). Here, describing students’ interest types, as done in the IPN study,
might be a more generalisable approach and helpful in providing educators with recommendations for
the design of interesting learning activities.

Yet, in different publications of the IPN study, the interest types were presented in different
versions (see Haulller, 1987; Hauller et al., 1996; HauRler, Hoffmann et al., 1998; Hiulller, Lehrke et
al., 1998; Langeheine et al., 2001; Rost et al., 1999; Sievers, 1999; as discussed in Section 3.4.1.). More-
over, when describing the students’ categorisation into the different types of interest, the focus was
on their sex or gender and to a lesser extent also on other characteristic, such as their physics-related
self-concept. In addition, the IPN study on interest types was conducted more than 30 years ago, which
raises questions on whether its results still apply to today’s learners. The questionnaire used in the IPN
study comprised an introductory text on a physics content area as well as corresponding interest items.
Here, it is not clear how the introductory text affected students’ expressed interest. Moreover, there
were some constructional flaws, that is, some items did not fit the item configuration. For example,
concerning the content area ‘radioactivity’ the item on radioactivity in our surrounding does not match
the item category ‘technical devices’. Hence, 23 out of 88 items were excluded and only 65 items re-
mained for analysis (HaulRler, Hoffmann et al., 1996, 1998). Finally, modern physics content areas, such
as particle physics, have not been included in most previous studies about students’ interest in physics.
Yet, some previous studies, such as the IPN study (HauRler, Lehrke et al. 1998), indicate that students
are highly interested in the content areas ‘radioactivity’ and ‘nuclear physics’, which are strongly linked
to particle physics. Moreover, there were no gender differences in interest regarding nuclear physics
and the gender differences in interest regarding radioactivity decreased with increasing age. In sum,
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the content area ‘particle physics’ may be highly and equally interesting for all students (HauRler,
Lehrke et al. 1998). Assessing students’ interest in physics in empirical studies relies on suitable test
instruments. A measurement instrument to assess students’ interest in particle physics does not exist
yet. The unfamiliar terminology and lack of (daily life) previous experiences make it challenging to assess
students’ interest in this content area.

Finally, when investigating the association of the students’ interest with other variables than
gender, different studies focus on various constructs. However, when looking at the item wording, the
items used to assess one construct may resemble other items used in a different study to assess a
different construct (as discussed in Section 3.4.). In addition, the same constructs may be defined dif-
ferently in different studies. For example, Kalender et al. (2019a) used a rather broad definition of self-
efficacy in physics. Hence, they referred to physics as a domain (or subject; in contrast to specific phys-
ics content areas, such as mechanics, or contents, such as buoyancy) in their items. Consequently, these
items to assess self-efficacy in physics resemble items used in other studies to assess physics-related
ability self-concept (e.g. in the PISA 2006 study). Moreover, some studies show that different constructs
do not factor out separately. For example, Kalender et al. (2019a) found that sense of belonging in
physics and self-efficacy in physics were so strongly aligned with one another that they did not factor
separately for either gender. The same was found for physics identity and interest. Kalender et al.
(2019a) argue that ‘[r]esearchers rarely examine the factor structure of multiple motivational factors
together’ and that their ‘findings show that it is important to do so’.

4.2. Motivation for this project

Most past studies agree that the context is key for fostering the students’ interest in physics.
The IPN study also showed that the context is more important than the content or the task for the
interestingness of an item. Yet, the research approach (i.e. longitudinal and cross-cohort study), analy-
sis method (i.e. mixed Rasch model), and results (i.e. students’ types of interest in physics) of the IPN
study were unique for the physics education research field. Because of the inconsistency in results (see
Section 3.4.1.), | initially planned to re-analyse the original IPN data but, unfortunately, | could not get
this data. Hence, my motivation was to take data with one part of the original IPN instrument. | decided
to focus on grade 9 students in my study because students in grade 9 typically already had to decide in
favour of or against a school path that focuses on natural sciences, such as physics. Investigating stu-
dents’ interest in physics after such a crucial and conscious decision may be even more informative for
the design of interesting learning activities. In addition, other large-scale studies, such as PISA and ROSE,
and the cross-cohort part of the IPN study also focused on grade 9 students. This approach also allows
for a later comparison of my results to those of these studies.

When deciding on which part of the original IPN instrument to use in my study, | considered
the constructional flaws reported by HauRler, Hoffmann et al. (1996, 1998). | could not find any re-
ported constructional flaws for the content area ‘mechanics’. | also analysed the item wordings and
compared it with the predefined item categories. My analysis showed that the items are overall in line
with the category descriptions. Only the second item ‘pumping oil from great depths’ does not repre-
sent the category ‘Learning more about natural phenomena’ well. When deciding on investigating the
content area ‘mechanics’ one motivation was also that students in grade 9 are already familiar with this
content area since mechanics is usually covered in grade 9 and/or earlier grades.
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Since the IPN questionnaire comprises an introductory text on the content area in addition to
corresponding interest items, it is not clear whether the introductory text affects students’ expressed
interest. Hence, | decided to use two different versions of the mechanics introductory text and to in-
vestigate whether there are differences in students’ interest in mechanics associated with the use of
different versions. One version is the original IPN mechanics introductory text. | decided to develop a
second new version and to randomly assign the students to one of the two versions.

Moreover, my aim was to compare a classical physics content area ‘mechanics’, with which the
students are familiar, with a rather rarely covered modern physics content area. In particular, | decided
on investigating students’ interest in particle physics as this content area is strongly linked to the con-
tent areas ‘nuclear physics’ and ‘radioactivity’, which were found to be the most interesting for students
in the IPN study (HauBler, Lehrke et al. 1998). The IPN instrument design comprising an introductory
text on each content area in combination with the respective interest items is well suited to compen-
sate for the possible lack of previous experience that students may have with particle physics. Most
students will not have had prior instruction on particle physics because it is not yet fully established in
school curricula, especially below grade 11. Many students will not have engaged with particle physics
outside of school either. Therefore, the IPN study method seems best suited to measure students’ in-
terest in particle physics, that is, to present the students with an introductory text on the content area
in addition to the corresponding interest items. The introductory text aims to cover students’ possible
deficit in previous experience with the content area by giving them an idea of what it is about.

Since particle physics was not included in the IPN study, the first step was to develop and vali-
date an instrument to assess the students’ interest in particle physics based on the item category de-
scriptions of the IPN study. Combining the already existing measurement instrument about interest in
mechanics and a newly developed measurement instrument about interest in particle physics, enables
me to investigate whether the results of the IPN study can be replicated with new data from nowadays’
students and whether they can even be applied to particle physics.

Finally, my motivation was to shift the focus from sex or gender differences in interest on other
student characteristics. In especial, | chose to investigate students’ physics-related self-concept and its
association with their interest in physics as previous studies indicate that the effect of sex or gender
may be mediated via physics-related self-concept. Moreover, my motivation was to investigate the
structure of the multiple aspects together that the construct ‘physics-related self-concept’ comprises,
that s, to investigate whether the different aspects vary in their contribution to the physics-related self-
concept of different students.

In sum, | decided (1) to base my research on students’ interest in physics on the IPN study
because of its unique analysis method (i.e. mixed Rasch model) and results (i.e. the students’ types of
interest in physics), (2) to investigate students’ interest in particle physics since this content area may
be equally and highly interesting for all students, (3) to investigate the structure of students’ physics-
related self-concept and its association with their interest because it may act as a mediator for the
commonly reported differences in interest between the sexes, and (4) to investigate the association of
students’ interest with their previous experience with the content areas in school because the previous
experience may be very different regarding mechanics and particle physics.
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4.3. Research questions and hypotheses

The main research interest of my doctoral research project is to investigate students’ types of
interest and whether related previous findings about the classical physics content area mechanics can
be replicated and extended to the modern physics content area particle physics. In the first study, |
developed the Instrument to measure Particle Physics Interest (IPPI) guided by the following research
questions:

RQ1: What psychometric evidence can be found to support the use of the IPPI using a Rasch
analysis?

RQ2: To what extent do the results of the Rasch analysis of the data collected with the IPPI
match the theoretical hierarchy of the students’ levels of interest in particle physics?

RQ3: To what extent can the students’ levels of interest in particle physics be described qualita-
tively by associating each level with different contexts?

Second, the main study, a cross-cohort study to investigate students’ types of interest, was
guided by the following research question:

RQ4: To what extent does the introductory text on the physics content area mechanics affect
students’ expressed interest, when using the same items?

H4: The students’ expressed interest in mechanics differs, when using a different version of the
introductory text in combination with the same items.

Background: This hypothesis is based on Schwarz’ study (1999) which showed that the infor-
mation provided in a questionnaire influences the participants’ responses.

RQ5: Into which different types of interest in physics can German-speaking students aged 14 to
16 years be categorised, while comparing a classical and a modern physics content area (namely
mechanics and particle physics)?

H5.1: The interest types (A, C, NG; Sievers, 1999) are still valid for today’s students and for
classical as well as modern physics content areas.

Background: Different types means that the students have qualitatively different interest pro-
files, and within each type, the students have similar interest profiles but different degrees of
interest. This hypothesis is based on the interest types found in the IPN study (Langeheine et
al., 2001; Rost et al.,1999; Sievers, 1999). Although they have not been replicated yet, more
recent findings, such as the interest categories revealed in the HOPE study (Levrini et al. 2016)
and the PISA 2006 study (Drechsel et al. 2011), provide further evidence for the existence of
interest types.

H5.2: Within each type of interest, different contexts are more (or less) interesting relative to
each other.

Background: This hypothesis is based on past empirical studies which show that different con-
texts are more (or less) interesting relative to each other for different students (e.g. OECD,
2016; Sjgberg & Schreiner, 2012; HauRler, Lehrke, et al., 1998).
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RQ6: To what extent can students’ types of interest be described in terms of a hierarchy of stu-
dents’ levels of interest? = related to RQ2 and RQ3

RQ7: In which physics content area are the students overall more interested, mechanics or par-
ticle physics?

H7: High-school students are more interested in particle physics than in mechanics.
Background: This hypothesis is based on studies which show that modern physics contents,
such as radioactivity or the history of the universe, are more interesting than classical ones (e.g.
HauRler, Lehrke, et al., 1998; OECD, 2016; Sjgberg & Schreiner, 2012).

RQ8: To what extent can the students be categorised into different types of physics-related self-
concept?

H8: There are no types of students with qualitatively different physics-related self-concept; that
is, the students do not differ in their item hierarchies depending on the aspect of physics-re-
lated self-concept addressed in an item.

Background: This hypothesis is based on the definition of physics-related self-concept that in-
cludes different aspects, namely students’ self-perceptions of ability (competency beliefs) and
beliefs about the perception as a physics person by others (perceived recognition). Here, the
self-perceptions of ability and the beliefs about the perception as a physics person by others
may align or differ from one another. However, the physics identity studies suggest that per-
ceived recognition and competency beliefs are strongly associated with one another (Godwin
et al., 2016; Kalender et al., 2019b).

RQ9: To what extent is physics-related self-concept a better independent variable than sex? for
distinguishing between the different types of interest in mechanics and in particle physics?

H9: When using physics-related self-concept instead of sex as an independent variable, the in-
terest types are described better.

Background: This hypothesis is based on the IPN study which showed that the distribution of
students with different degrees of physics-related self-concept is more descriptive for the in-
terest types than the distribution of students with different sex (Hauliler, Lehrke, et al., 1998).
Moreover, the science identity studies showed that physics identity and interest are strongly
aligned and do not factor out separately for either gender (Kalender et al., 2019a); that the
effect of gender on students’ physics identity is mediated by other characteristics, such as self-
concept (Kalender et al., 2019a); and that competency beliefs have a very large direct effect on
interest and on perceived recognition (Godwin et al., 2016).

6| decided on using the term ‘sex’ for describing my study (as defined in Section 2.3.1) because the study was
conducted in German and there is only one German term (‘Geschlecht’) for both ‘sex” and ‘gender’.
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4.4.

RQ10: To what extent does the students’ previous experience with the content areas in school
affect their expressed interest in these content areas?

H10: Students’ interest in a content area differs depending on how much previous experience
they had with the specific content area in school.

Background: Previous experience in school refers to the quantitative experience with a content
area in contrast to the quality of these experiences. Since previous experience with a content
area precedes knowledge, some conclusions about the association between interest and
knowledge in a content area may be applied to the association between interest in and quan-
titative previous experience with a content area. A longitudinal study by Hoft et al. (2018) in
chemistry education research found that while the students’ conceptual understanding gener-
ally increases with time, their interest decreases. In addition, a meta-analysis by Schiefele et al.
(1992) showed that interest and achievement are positively correlated.

Structure of this research project

To answer all my research questions, | conducted two studies in the framework of my doctoral

research project. In the first study (addressing the RQs 1 to 3), | developed the Instrument to measure

students’ Particle Physics Interest (IPPI). This study, its methods, and findings have already been pub-
lished in an article, parts of which are presented in the next chapter (i.e. Chapter 5; Zoechling et al.,

2022).

Second, the main study, a cross-cohort study with German-speaking students aged 14 to 16

years (N =1219), was conducted (addressing the RQs 4 to 10). The students’ interest in mechanics and
particle physics, and the association of interest with different student characteristics, such as physics-

related self-concept, sex, and previous experience with the content areas in school, were investigated.

This study, its methods, and findings are presented in Chapter 6.
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5. DEVELOPING THE IPPI

My first study aimed to investigate students’ interest in particle physics (i.e. addressing the RQs
1 to 3; see Section 4.3.). Modern physics content areas are already included in international physics
curricula, such as the International Baccalaureate Physics curriculum, and in several national curricula,
such as the Austrian, Italian, and Norwegian (Mullis et al, 2016; Austrian federal law consolidated,
2022). Thus, analysing students’ interest in these content areas set in different contexts is of crucial
educational significance. Particle physics can be set in various contexts, from everyday life (e.g. digital
cameras as particle detectors) to medicine (e.g. particle accelerators in cancer treatment) and existen-
tial questions of humankind (e.g. “‘Where do we come from?’). | hypothesise that there are different
levels of interest in particle physics, each associated with different contexts of particle physics. To ex-
amine these levels of interest in particle physics, a conceptualisation of such interest is necessary. Sub-
sequently, the conceptualisation of students’ interest in particle physics was the core objective of this
study. First, using the findings of past empirical research, the construct ‘interest in particle physics’ is
defined and behaviours that correspond to different degrees of being interested in particle physics are
identified. Based on these definitions, a hierarchy of students’ levels of interest in particle physics is
proposed. Then, the IPPI is developed, using rating scale items that assess different degrees of interest
in particle physics. This study, its methods, and findings, have already been published in an article. In
this chapter | present the parts of the original manuscript of this article that focus on the methods and
findings of this study. The Version of Record of this manuscript has been published and is freely availa-
ble in the International Journal of Science Education (2022) http://www.tandfonline.com/doi/10.
1080/09500693.2022.2122897. Please note that the section numbers and cross-links as well as the
captions of the figures and tables have been adapted when embedding the manuscript in this thesis to

ease the flow of reading. Moreover, unlike the rest of this thesis, the sections below are written in the
first-person-plural perspective.

5.1. Method

We developed the IPPI using the Rasch approach described by Liu (2010), Boone et al. (2014),
and Planinic et al. (2019). The Rasch procedures are described below. These steps included conceptu-
alising interest in particle physics, creating an initial item pool, piloting potential instrument items, se-
lecting items for the final version of the IPPI, conducting a psychometric analysis of the IPPI, and com-
paring the theoretical conceptualisation of interest in particle physics to the item hierarchy revealed by
the Rasch analysis.

5.1.1. Conceptualising the construct ‘interest in particle physics’

When defining the construct to be measured, one basic assumption is that the construct is a
unidimensional latent trait that ranges from a lower to a higher level (Liu, 2010). The construct to be
measured in our study is interest in particle physics. The linear trait underlying this construct is the
degree of interest. Based on previous research (Drechsel et al., 2011; HauBler, Lehrke, et al., 1998;
Levrini et al., 2017; Sievers, 1999; Sjgberg & Schreiner, 2012), we identified behaviours that represent
different degrees of interest in particle physics. We hypothesised that there are several levels of inter-
est in particle physics, wherein each is associated with different contexts. Students progress through
these levels as their interest increases. That is, they become interested in additional contexts. Our focus
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on the context is based on previous empirical studies that have found or discussed the importance of
the context for students’ learning progression and achievement in cognitive assessments (Bennett et
al., 2007; Hartig et al., 2020; HauRler, Lehrke, et al., 1998; Mesic & Muratovic, 2011; Neumann et al,,
2013; Rosler et al., 2018; Sjpberg & Schreiner, 2012; Yao et al., 2017).

We hypothesised a level of focused interest in particle physics by being interested in particle
physics solely when it is set in an everyday context, such as the human body or nature. The hypothesised
level of focused interest is based on the IPN interest type C, which describes students who are highly
interested in physics as it relates to humans, nature, applications, and society (Sievers, 1999); on cate-
gory A found in the Horizons in Physics Education (HOPE) study, which describes students’ ‘curiosity to
understand the world, natural phenomena and the universe’ (Levrini et al., 2017, p. 8); and on the
interest category ‘living systems’ found by Drechsel et al. (2011) for PISA 2006 data. Moreover, we
hypothesised that students at a level of broad interest are also interested in particle physics when it is
set in a purely scientific context, such as qualitative or quantitative science. This hypothesis is based on
IPN interest type A, which describes students who are generally and highly interested in the broad field
of physics, that is, even when set in a purely scientific context (Sievers, 1999); on category B found in
the HOPE study, which describes students’ ‘interest in physics knowledge as a special way of knowing,
investigating, questioning and thinking’ (Levrini et al., 2017, p. 8); and on the interest category ‘physi-
cal/technology systems’ found by Drechsel et al. (2011).

5.1.2. Characterisation of item categories

Based on the conceptualisation of ‘interest in particle physics’, we characterised item catego-
ries for the IPPl. We decided to model the IPPI on the IPN instrument in German (HauRler, Lehrke, et
al., 1998) for the following reason. The IPN instrument examines interest in eight different physics con-
tent areas, such as mechanics and optics. We found that the structure of the IPN instrument is also well
suited to assess interest in the content area ‘particle physics’: For each content area, the IPN instrument
comprises (a) an introductory text and (b) 11 rating scale items regarding students’ interest.

(a) The introductory text can cover students’ possible deficit in previous experience (see Sec-
tion 3.1.). It provides the students with a short overview of the respective content area set in different
contexts aligned with the items. (b) For a certain content area (e.g. mechanics) different content (e.g.
lever or pump) are presented in the items. Each item represents a specific item category, that is, a
combination of context and task, as listed in Table 67. HiuRler, Lehrke, et al. (1998) based the distinc-
tion of content, contexts, and tasks as well as their definition of item categories on the results of their
corresponding preceding Delphi study. Recent empirical studies about interest in physics also consider
different learning environments (e.g. Dierks et al., 2016; Blankenburg et al., 2016) while the IPN study
focuses on school as a learning environment. Nevertheless, the IPN study was innovative because it
presented students with item categories based on unique combinations of different contexts and tasks.
Hauliler, Lehrke, et al. (1998) explained that they defined 11 item categories to limit the length of the
instrument. Although length is certainly an important factor when creating an instrument, we argue

7 In different publications of the IPN study, these 11 item categories are presented in slightly different versions
(see HauBler, 1987; HauRler et al., 1996; HauRler, Hoffmann et al., 1998; Hauliler, Lehrke et al., 1998; Rost et
al., 1999; Sievers, 1999). In Table 6, we list the item category descriptions presented in HauBler et al. (1996)
translated into English. Moreover, our ordering of item categories corresponds to the ordering of items as pre-
sented to the students in the IPN study.
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that it is difficult to formulate every possible combination of context and task because the boundaries
between the different contexts and tasks, respectively, are somewhat blurry.

While the distribution of items across the different tasks is uneven, it is even across the differ-
ent contexts (see Table 6). Hence, we found that the IPN item categories are well suited to analysing
the interestingness of different contexts but not of different tasks. The contexts used in each IPN item
category varied from humans and nature to pure science, and this variety aligns well with our theoret-
ical hierarchy of students’ levels of interest in particle physics. We found that the IPN item categories
also cover the interest categories revealed by other past empirical studies, such as HOPE and PISA 2006
(Levrini et al., 2017; Drechsel et al., 2011; see Section 5.1.1.). Consequently, we decided to model our
items on interest in particle physics on the item categories used in the IPN study, including the variation
of tasks, because we found that its structure (i.e. introductory text plus items based on item categories)
is well suited to assess ‘interest in particle physics’, as described above. This approach also allows for a
later comparison of our results to those of the IPN study.

5.1.3. Creation of the initial version of the IPPI

The IPPI, which is in German, comprises an introductory text on particle physics and items re-
garding interest in particle physics. The students were asked to read the introductory text and express
their degree of interest in each item on a 5-category rating scale (‘My interest in it is ..." very high (=5),
high (=4), medium (=3), low (=2), or very low (=1)). In March 2020, we developed an initial version of
the IPPI. We created a draft introductory text on particle physics and an item pool based on the above-
detailed item categories. The introductory text provides the students with a short overview of different
particle physics content set in different contexts aligned with the contexts used in the items. The item
pool comprised at least three items per category. Exemplar items translated into English are listed in
Table 6 for each item category.

5.1.4. Review and trial of the initial version of the IPPI

Following the creation of the initial version of the IPPI, the draft introductory text and item pool
were reviewed by the team of authors. Following this review, the comprehensibility of the draft intro-
ductory text and the items was assessed in one-on-one interviews with 16 German-speaking students
(9 female, 7 male; grades 8 to 11) in April and May 2020 using a think-aloud protocol according to
Sandmann (2014). The students were asked to read aloud and explain their understanding of both the
text and items. They were asked to respond to each item and were given the opportunity to provide
reasons for the degree of interest they each expressed. Each interview lasted between half an hour and
an hour based on the student. Each interview was audio-recorded and transcribed. We conducted a
content analysis of the transcripts (Ericsson & Simon, 1993). As a result, we rephrased and shortened
parts of the introductory text. For example, while describing the structure of a hair, we initially started
at the molecular level and shortened the description so that it began at the atomic level. We also se-
lected three items per category from the pool based on whether students easily understood them. For
example, one student commented on one of the items: ‘Wie ist das jetzt gemeint? Was ist das? [What
is that supposed to mean? What is that?]’. Hence, we did not select this item.
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Table 6. Item categories, underlying contexts, and tasks as used in the IPN study (Hauller, Lehrke, et

al., 1998) and exemplar items translated into English for each item category developed for the IPPI

Exemplar item (translated into
# | Item category Context Task .
English)
Learning more Understanding Learning more about the func-
o1 about the functional | technical de- tional principle of devices that
principle of tech- vices in every- detect particles (e.g. digital
nical devices day life camera)
Learning more Enrichment of Learning more about how par-
02 | about natural phe- emotional expe- ticle physics helps understand
nomena riences the northern lights
Learning more Learning more about how a
03 about the relevance | Relevance for particle accelerator contrib-
of physics for soci- society utes to the peaceful collabora-
ety tion of diverse nations
_ Receiving infor- Learning more about which in-
Learning more . . . . ) .
o Science | (quali- | mation (observing, | teraction binds the elementary
04 | about qualitative . ) , . .
. tative) reading, and lis- particles in the nucleus space
physics _
tening) together
) Learning more about how
Learning more ) )
o Science || many elementary particles
05 | about quantitative o ) _
. (quantitative) constitute an object, such as a
physics
pen
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5.1.5. Field testing

Following the think-aloud interviews, we conducted a field test. We utilised the introductory
text on particle physics and the 33 corresponding interest items that we developed to create an online
guestionnaire. The original introductory text and items in German and an English paraphrase of each
item are provided in the online appendix for this paper [and in Appendix 10.1. for this thesis]. Our field
test sought to provide information that would optimise the measurement functioning of the IPPI. In
addition, our goal was to lessen the number of developed rating scale items to 11 instead of 33, that is,
to one item per category. While conducting a field test to collect data for a Rasch analysis, it is important
that the sample population represents the target population and is spread along the construct to be
measured (Liu, 2010). The minimum sample size suggested by Linacre (2002) is ten times the number
of answer categories, which was 50 for the 5-category rating scale used in our items on interest in
particle physics.

To identify a respondent pool, we invited several randomly selected Gymnasium (secondary
school) teachers in Austria and Germany via email to participate in our field test. One class each from
Vienna (AT), Graz (AT), and a city close to Munich (DE), as well as individual students from three schools
in Tyrol (a federal state in AT) completed our online questionnaire. In all, 99 German-speaking grade 9
(aged 15 years) students (57 female, 41 male, 1 not specified) participated in the field test in June 2020.

5.1.6. Rasch analysis

We evaluated the psychometric functioning of the IPPI using a Rasch analysis, which is com-
monly used while developing new instruments in science education research (e.g. Kirschner et al., 2016;
Luoetal., 2019; Neumann et al., 2011; Vorholzer et al., 2016). There are many reasons for using a Rasch
analysis: 1) it facilitates the computation of linear measures for persons and items, 2) numerous indices
are provided to evaluate the measurement functioning of the instrument, and 3) Wright Maps can be
created to evaluate the construct (Wright & Stone, 1979). In our study, the person measure reflects a
person’s degree of interest in particle physics. The higher the person measure, the higher the person’s
interest. The item measure reflects the interestingness of an item. The lower the item measure, the
higher its interestingness. Person and item measures are expressed on the same linear scale and in the
unit of logits.

We used the Rasch partial credit model to analyse our field test data because it allows for the
guantitative difference in the degree of interest for each pair of adjacent rating scale categories, for
example, from categories 1 to 2, to vary for different items of the instrument (Masters, 1982). Thus,
the partial credit model provides insights into the functioning of the rating scale for each individual
item. We see this as a potential benefit for achieving the aims of our field test, that is, optimising the
measurement functioning of the IPPI and selecting one item per item category from the initial item
pool. Additionally, we conducted a comparative analysis of the person and item measures and meas-
urement functioning indices of the IPPI while utilising the partial credit and rating scale models. The
data collected were analysed using the Winsteps Rasch programme (version 4.8.1.0), of which the man-
ual provides detailed documentation for users (Linacre, 2021).

5.1.7. Selection of items for the IPPI

Based on the Rasch analysis utilising the partial credit model, we selected one item per item
category from the item pool for the final version of the IPPI. We also analysed the data using the Rasch
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rating scale model. We compared person and item measures and measurement functioning indices of
the initial item pool while utilising the partial credit and rating scale models and found them to be very
similar. The selection procedure based on the partial credit model analysis is described below.

Category probability curves

First, we examined the category probability curves. According to our theoretical hierarchy of
students’ levels of interest, students should progress from one rating scale category of an item to an-
other, that is, from categories 1 to 2 and from 2 to 3 and so on, as they progress in terms of interest.
Thus, we checked whether the average person measure advances with the advancing rating scale cat-
egory. This selection criterion is based on Linacre’s (2002) Guideline 3 for optimising rating scales. We
found that item 1033 does not fulfil this criterion. Thus, we removed it from the item pool of the IPPI.
In the Rasch partial credit model, the Andrich threshold marks the point where one rating scale category
becomes more (or less) probable than another (Linacre, 2021). The items selected for the IPPI must
have ordered threshold measures, and every category must be the most probable for some combina-
tion of person interest and item interestingness. These selection criteria are based on Linacre’s (2002)
Guideline 5. For example, for item 1081, categories 3 and 4 were never the most probable, and thus the
thresholds were not ordered, as seen in Figure 4a.

In comparison, for item 1042, every category has an individual probability peak, as seen in Fig-
ure 4b. Linacre (2002) suggested considering non-ordered thresholds as problematic if there are at
least ten observations in each rating scale category; this is related to Guideline 1 from Linacre (2002).
We found that items 1081, 1092, and 1102 have non-ordered thresholds and ten observations in each
category. Thus, we removed these items from the item pool of the IPPI.
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Figure 4. Probability of response for all five rating scale categories as a function of person minus item
measure, a) item 1081 with non-ordered thresholds (categories 3 and 4 are never the most probable),
b) item 1042 with ordered thresholds.

Item fit statistics

Second, we examined the item fit statistics, which are based on the difference between what
is observed and what is expected by the Rasch model. This difference is considered residual. In general,
items with Infit and Outfit mean square residuals (MNSQs) ranging between 0.75 and 1.3 are accepted
as having a good model-data-fit (Bond et al.,, 2020). Although MNSQ values from 0.6 to 1.4 are
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satisfactory for rating scale data (Boone et al,, 2014), we chose the smaller range (0.75 to 1.3) while
selecting items for the IPPI. This item fit range is commonly applied while developing new instruments
in science education research, as seen in Vorholzer et al. (2016). While analysing the fit statistics for
each item (see Table 7), we started with the Outfit MNSQs, and if they were not within the acceptable
range, we investigated the Infit values (Boone et al., 2014). We excluded five more items from the item
pool (1022, 1031, 1041, 1043, and 1093) because they presented a possible Outfit and Infit MNSQ misfit.
We decided to retain item 1032, although its Infit and Outfit MNSQs were slightly above the acceptable
range because it had the best fit in this item category. Based on our examination of the category prob-
ability curves and item fit statistics, the item selection for the IPPl was already completed for categories
03, 04, and 09 (1032, 1042, and 1091).

Wright Map

Third, we examined the Wright Map to select one item each for the remaining eight item cate-
gories. In the Wright Map, all 33 items of the initial item pool are distributed along the vertical axis
according to their item measures (see Figure 5). Ideally, the items of an instrument are evenly spread
so that they do not measure a similar portion of the trait. In line with our conceptualisation of the
interest construct, the map illustrates that many items within the same item category are of a compa-
rable item measure, that is, comparable interestingness, for example, all Category 04 items. Some items
within the same item category were not of comparable interestingness (Categories 02, 03, 05, 07, and
08). Thus, we examined the item wording of these categories and found that the contextualisation of
items within these categories was not consistent. For example, in Category 02, item 1023 was rather set
in the context of qualitative physics than in that of the enrichment of emotional experiences. In all, we
excluded six items because of their non-comparable interestingness based on the re-evaluation of the
respective item wording (1023, 1051, 1052, 1072, 1073, and 1082). The items for the remaining four item
categories (01, 06, 10, and 11) were selected based on the desire to have an even distribution of items
on the Wright Map (1012, 1063, 1101, and 1111).

5.1.8. Functioning of the IPPI

After selecting 11 items, that is, one per category, we analysed the respective data subset using
the Rasch partial credit model. We conducted a new analysis of the subset of the data collected in the
field test that included just the 11 items selected for the IPPI.

To investigate the functioning of the IPPI, we first explored its unidimensionality in several ways.
We analysed the item fit statistics because we expected the relative fit indices to change after reducing
the number of items by two thirds. Here, we applied the item fit range that is generally accepted for
rating scale data, that is, MNSQ values from 0.6 to 1.4 (Boone et al., 2014). We also examined unidi-
mensionality using point measure correlations. Values greater than 0.3 indicate that items measure the
same latent trait (Li et al., 2018). Additionally, we evaluated the unidimensionality of the IPPI with a
principal component analysis of residuals (PCAR) as described by Boone and Staver (2020). The variance
unexplained by the Rasch model caused by the first contrast may be evidence for multidimensionality.
A minimum of two items must be considered for a dimension. We examined the wording of the items
in the clusters identified in the PCAR and the disattenuated correlation of person measures computed
using these clusters of items. A high correlation is evidence that the items of each cluster are measuring
the same trait.
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Table 7. Rasch item measures and statistics for the initial item pool of the IPPI.

ltem Total Total Item measure Model SE Outfit Infit
ID score count [logits] [logits] MNSQ MNSQ
1011 310 99 0.11 0.12 0.72 0.76
1012 329 99 -0.23 0.12 0.93 0.97
1013 308 99 -0.04 0.12 0.82 0.81
1021 371 99 -0.99 0.13 1.23 1.16
1022 330 99 -0.2 0.12 1.33 1.38
1023 303 99 0.1 0.11 1.31 1.16
1031 285 99 0.2 0.11 1.96 1.38
1032 374 99 -0.71 0.13 1.31 1.31
1033 342 99 -0.42 0.12 1.72 1.48
1041 253 99 0.59 0.11 0.65 0.69
1042 269 99 0.51 0.12 0.79 0.81
1043 266 99 0.68 0.12 0.62 0.64
1051 324 99 -0.18 0.13 0.91 0.95
1052 303 99 0.2 0.12 0.8 0.81
1053 263 99 0.79 0.13 0.89 0.83
1061 304 99 0.11 0.11 1.11 1.16
1062 300 99 0.12 0.11 1.71 1.3
1063 291 99 0.25 0.12 0.86 0.83
1071 361 99 -0.49 0.12 1.29 1.32
1072 403 99 -1.3 0.15 1.08 1.13
1073 360 99 -0.51 0.13 1.09 1.11
1081 364 99 -0.47 0.10 0.9 0.97
1082 307 99 0.05 0.11 0.89 0.86
1083 370 99 -0.47 0.11 0.94 1.06
1091 319 99 0.02 0.11 0.78 0.83
1092 274 99 041 0.11 0.67 0.69
1093 290 99 0.28 0.11 0.69 0.71
1101 279 99 041 0.10 0.9 0.91
1102 293 99 0.3 0.11 1.22 1.31
1103 241 99 0.82 0.11 0.78 0.81
1111 303 99 0.14 0.12 0.82 0.87
1112 306 99 0.09 0.12 0.8 0.83
1113 328 99 -0.17 0.11 1.24 1.2

Note: The first two digits of the item ID indicate the item category. Total score refers to the total raw
score of all respondents who answered the item. Total count refers to the total number of respondents
who answered the item. Measure refers to the Rasch item measure in logit units. Lower and higher
item measures represent more and less interesting items, respectively. Model SE refers to the standard
error of the item measure in logit units. Outfit MNSQ refers to a fit statistic that is sensitive to extreme
responses. Infit MNSQ refers to a fit statistic utilising weighted means.
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Figure 5. Wright Map of the initial item pool of the IPPI.

Note: Items are represented with their item ID. Items are sorted according to their item measures.
Lower and higher item measures (base and top of the map, respectively) represent more and less in-
teresting items, respectively.

To check for item independence, we examined the residual correlations between items by
pairs. Correlation values smaller than 0.7 imply that two items are independent, that is, the response
to one is independent of that to another (Linacre, 2021). We also explored the distribution of items
across the latent trait by analysing the Wright Map.

Finally, we examined the summary statistics, which provide several indices that are used for
monitoring instrument functioning, such as item and person separation and their respective
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reliabilities. Item separation and reliability values greater than 4 and 0.9, respectively, imply that the
sample size is large enough to verify the item hierarchy (Linacre, 2021). Person separation values
greater than 2 indicate a good level of separation, and person reliability values greater than 0.8 imply
that the measurement instrument can distinguish between two or three levels of interest (Linacre,
2021). We also explored the mean item and person measures listed in the summary statistics to draw
conclusions on their relationship.

We also analysed this data subset using the Rasch rating scale model. We compared person
and item measures and measurement functioning indices of the IPPI while utilising the partial credit
and rating scale models.

5.1.9. Validation of the conceptualisation of interest in particle physics

To investigate how the latent trait defined by the IPPI aligns with the theoretical hierarchy of
levels of interest in particle physics, we examined the item measures and wordings. In line with previous
findings, we hypothesised that there are two levels of interest, each associated with different contexts
of particle physics. If the IPPI displays our hypothesised hierarchy of interest levels, item measures
should depend on the context that the item in question represents. Iltems set in an everyday context,
such as the human body or nature, should be among the most interesting, whereas those set in a purely
scientific context, such as qualitative or quantitative science, should be among the least interesting.

5.2. Results

The data obtained with the IPPI were analysed in two steps. In the first step, we investigated
whether the IPPI functioned in a psychometrically sound manner, and in the second step, we investi-
gated whether the item hierarchy documented a hierarchy of students’ levels of interest in particle
physics as hypothesised in our conceptualisation.

5.2.1. Instrument functioning

Table 8 lists the Rasch item measures and statistics for the IPPI. The Outfit MNSQ values ranged
from 0.79 to 1.36, which is within the acceptable range. All point measure correlation values were
above the suggested 0.3 cut-off value (ranging from 0.59 to 0.71). As a result of the PCAR, the unex-
plained variance of the first contrast was found to be 2.1 (item) units. This may be evidence for a sec-
ondary dimension among the items with a strength of about two items. Thus, we analysed the item
wordings in each cluster identified in the PCAR (cluster 1: 1071, 1032; cluster 2: 1021, 1083, 1111, 1012,
1053; and cluster 3:1042, 1101, 1063, 1091). We found that the items did not share any substantive latent
trait other than the single Rasch dimension we hypothesised based on our theory, that is, interest in
particle physics. We evaluated the disattenuated correlation of person measures computed through
the clusters of items ((a) clusters 1 and 2: r=0.91, (b) clusters 2 and 3: r=0.93, and (c) clusters 1 and 3:
r=0.35). The high correlations obtained between person measures (a) only with cluster-1 and cluster-2
items and (b) only with cluster-2 and cluster-3 items suggest that the items defined a single trait. How-
ever, the correlation obtained (c) only with cluster-1 and cluster-3 items is lower.
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Table 8. Rasch item measures and statistics for the IPPI.

ttem ID Total Total m:ataesmure MOd(.E| SE Outfit Infit PT.
score count ) [logits] MNSQ MNSQ corr.
[logits]

1053 263 99 0.94 0.13 0.92 0.85 0.70
1042 269 99 0.63 0.12 0.81 0.83 0.70
1101 279 99 0.51 0.11 0.91 0.86 0.67
1063 291 99 0.35 0.13 0.83 0.80 0.71
1111 303 99 0.23 0.12 0.98 1.02 0.66
1091 319 99 0.09 0.11 0.79 0.83 0.69
1012 329 99 -0.17 0.12 0.96 0.96 0.66
1083 370 99 -0.44 0.11 1.00 1.09 0.63
1071 361 99 -0.45 0.12 1.36 1.27 0.59
1032 374 99 -0.67 0.13 1.32 1.25 0.59
1021 371 99 -1.02 0.13 1.14 1.26 0.62

Note: Total score refers to the total raw score of all respondents who answered the item. Total count
refers to the total number of respondents who answered the item. Measure refers to the Rasch item
measure in logit units. Lower and higher item measures represent more and less interesting items,
respectively. Model SE refers to the standard error of the item measure in logit units. Outfit MNSQ
refers to a fit statistic sensitive to extreme responses. Infit MNSQ refers to a fit statistic utilising
weighted means. PT. corr. refers to the point measure correlations.

Nevertheless, based on the item fit statistics, the point measure correlations, and the analysis
of item clusters revealed by the PCAR, we felt that the data supported one trait. Thus, we consider the
IPPI unidimensional yet broad because, according to our definition, interest in particle physics includes
several aspects such as contexts or tasks (cf. Linacre (2021) about mathematics as a broad domain).
Local independence for each item was supported, as the correlation values between item residuals
were smaller than 0.7 for all item pairs. The Wright Map of the IPPI revealed that the items were spread
along the latent trait (Figure 6). Examining the summary statistics, the item separation of the IPPI was
determined to be 4.43 with an item reliability of 0.95. The person separation for our data sample was
found to be 2.53 with a person reliability of 0.86. The item measures ranged from -1.02 to 0.94 logits.
The mean item measure was set to zero logits in Rasch analysis and the model standard error of items
was 0.12 logits. The mean person measure was found to be 0.26 logits with a model standard error of
0.11 logits and ranged from -5.34 to 5.55 logits.

Finally, we compared person and item measures and measurement functioning indices of the
IPPI while utilising the partial credit and rating scale models. Table 9 presents a selection of results from
this comparative analysis. All key indices that are commonly reviewed for Rasch analyses are very sim-
ilar while comparing the results of the rating scale and partial credit model analyses.



5. Developing the IPPI | 57

Table 9. Selected Rasch statistics for the IPPI utilising the Rasch partial credit model and Rasch rating
scale model (The IPPI comprises a total of 11 items) | *Item 1083:1.42

] Item Person Outfit MNSQ Infit MNSQ
Rasch analysis ) ) _ ) o
method Separa-  Relia- | Separa-  Relia- Number of items falling within the
tion bility tion bility range of 0.6-1.4
Partial credit
4.43 0.95 2.53 0.86 11 11
model
Rating scale
448 0.95 2.50 0.86 11 10*
model

5.2.2. Validation of the conceptualisation of interest in particle physics

To investigate how the latent trait defined by the IPPI aligns with the theoretical hierarchy of
the levels of interest in particle physics, item measures and wordings were analysed as illustrated in the
Wright Map (Figure 6) and Table 8. When interpreting the Wright Map, it is crucial to consider that it
illustrates a hierarchy of items. This means that the items with a low item measure, that is, the most
interesting items (bottom of the map), are interesting for most of the students, and the least interesting
items (top of the map) are interesting only for some students, the most interested ones. This also means
that the persons with a high person measure, that is, the most interested persons, are interested in
most of the items, even in the least interesting ones, and the least interested persons are only inter-
ested in some items, the most interesting ones.

The three least interesting items (1053, 1042, and 1101) present particle physics set in the con-
text of qualitative or quantitative science. This is in line with our hypothesis that only students at a level
of broad interest are interested in particle physics when it is set in a purely scientific context. The slightly
more interesting item 1063 presents particle physics set in the context of technical vocation. The even
more interesting items (1111, 1091, and 1012) present particle physics set in the context of everyday life.
The most interesting items present particle physics in different contexts. Only item 1071 (specific con-
text ‘medical diagnostics’) is in line with our hypothesis that students at a level of focused interest are
solely interested in particle physics when it is set in an everyday context, such as the human body or
nature.

In general, the analysis of the item wordings demonstrated that the specific context mentioned
in each item is crucial for the degree of interest expressed. We argue that when the specific context
mentioned in the item was more precise, the students expressed a higher interest in an item. For ex-
ample, in item 1012, a very precise everyday example (‘digital camera’) is provided as the specific con-
text, whereas the specific context mentioned in item 1111 is very broad (‘everyday life’). We see this
pattern as item 1012 is perceived as more interesting than item 1111. We also observed that students
expressed higher interest in items that mentioned a hands-on task. For example, although item 1091 is
set in a purely scientific context, students expressed higher interest in 1091 than in the other items set
in a purely scientific context because the word ‘experiment’ is mentioned in 1091.
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Figure 6. Wright Map of the IPPI.

Note: Items are represented with their item ID and their item wording translated into English.
Items are sorted according to their item measures. Lower and higher item measures (base and
top of the map, respectively) represent more and less interesting items, respectively. The map
also shows the refined hierarchy of levels of interest in particle physics (dotted lines mark the
transition from one level to another).
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5.3. Discussion

This study sought to conceptualise students’ interest in particle physics and develop and eval-
uate the IPPl. We discuss the use of the Rasch partial credit model in developing and evaluating the
IPPI, its functioning, and whether the findings on students’ interest in particle physics matched the
theoretical conceptualisation of the construct.

5.3.1. Using the Rasch partial credit model

We used the Rasch partial credit model, where each item is considered to have its own rating
scale. That is, the partial credit model allows for the quantitative difference in the degree of interest
for each pair of adjacent rating scale categories, such as from category 1 to 2, to vary for different items
of the measurement instrument. We see this as a potential benefit for developing and evaluating in-
struments. We also analysed the data using the Rasch rating scale model, where the quantitative dif-
ference in the degree of interest for each pair of adjacent rating scale categories is the same for all
items of the instrument. All key indices that are commonly reviewed for a Rasch analysis were very
similar while comparing the results of the rating scale and partial credit model analyses. There are ben-
efits to using both models. Thus, researchers should use both models to analyse rating scale data to
gain additional insight into the functioning of the rating scale of each item.

5.3.2. Instrument functioning

The results concerning our first research question are discussed in this section. For our meas-
urement instrument, four aspects of validity evidence are relevant: content, construct, statistical, and
fit validity. We present the details below.

To ensure content validity, the construct to be measured must be conceptualised in accordance
with a theoretical grounding and previous findings and represented through items forming the meas-
urement instrument (Boone & Staver, 2020). The IPPI was designed to have content validity evidence
as we first defined the construct, that is, interest in particle physics, and identified related behaviours
based on previous findings and theoretical grounding. Then, we developed representative items form-
ing the IPPI.

Second, construct validity evidence means the degree to which the item hierarchy matches the
predictions based on the theoretical construct. In a Rasch analysis, construct validity is evaluated by
analysing the item ordering and spacing on the Wright Map (Boone & Staver, 2020). One could argue
that the item hierarchy could be a matter of item construction rather than of context. Analysis of the
Wright Map of the initial item pool consisting of three items per IPN item category demonstrated that
items constructed for the same item category are not consistently of comparable item measure (see
Figure 5). Thus, we did not refer to the IPN item categories to describe the item hierarchy of the IPPI.
Instead, we introduced the three levels of interest in particle physics based on context. These levels
describe the item hierarchy of the IPPIl and, ultimately, students’ interest in particle physics. Using this
approach, we found that the item hierarchy can be interpreted in keeping with previous findings on
interest in physics. To verify the item hierarchy, we examined item separation and reliability and found
that our data fell in the rule of thumb guideline ranges as needed for both item separation (>4.0) and
reliability (>0.9). To investigate statistical validity, person reliability is evaluated with a Rasch analysis
(Boone & Staver, 2020). Person reliability refers to the reproducibility of the person ordering, which



60 | 5.3. Discussion

can be interpreted on the lines of Cronbach’s Alpha in classical test theory. Our data fell within the rule
of thumb guideline ranges as needed for both person separation (>2.0) and reliability (>0.8). This means
that the IPPI is sensitive enough to distinguish between persons with two or three different levels of
interest. Previous findings and the current results suggest two to three different levels of interest. Thus,
the IPPI provides useful and informative measures for the intended purpose.

Finally, fit validity evidence refers to the degree to which the data fit the Rasch model (Boone
& Staver, 2020). To ensure fit validity, we analysed the dimensionality of the IPPI by examining the item
fit statistics and conducting a PCAR. Our data fit the Rasch model, which supports the fit validity evi-
dence of the IPPI.

In summary, our Rasch analysis provides evidence supporting the content, construct, statistical,
and fit validity of the IPPI.

5.3.3. Validation of the conceptualisation of interest in particle physics

The results concerning our second and third research questions are discussed in this section.
We hypothesised that students at a level of focused interest in particle physics evince such interest
solely when particle physics is set in an everyday context, such as the human body or nature, and that
students at a level of broad interest are also interested in particle physics when it is set in a purely
scientific context, such as qualitative or quantitative science.

Based on our analysis of the item hierarchy, we refined this conceptualisation of interest in
particle physics (see Figure 6). First, we characterised the level of focused interest in particle physics as
being interested in particle physics when it is set in a context that is related to (1) one’s own body, for
example, ‘medical diagnostics’ (1071); (2) socio-scientific issues, for example, ‘smuggled arms’ (1032);
or (3) existential questions of humankind, for example, ‘big bang’ (1021). We found that aspect (3)
caused a high interest in particle physics, although this context is theoretical, like purely scientific con-
texts. We believe that these three aspects can be assigned to the same level of interest because they
all sparked interest by arousing positive or negative emotions. This aligns with the first phase in interest
development, ‘triggered situational interest’, in which the emotional component prevails (Hidi & Ren-
ninger, 2006).

Second, we suggest introducing an additional level of interest, the level of open interest, to our
hierarchy of levels of interest. Students at the level of open interest were additionally interested in
particle physics when it was set in the broad context of ‘everyday life’. Our definition of the level of
open interest aligns with the second phase of interest development, namely ‘maintained situational
interest’ as proposed by Hidi and Renninger (2006). In this phase, a person begins to recognise personal
value based on already existing positive feelings, that is, the value-related component of interest pre-
vails.

Third, to align with the least interesting items, we refined our definition of the level of broad
interest in particle physics as being interested in particle physics, even when it is set in a purely scientific
or technical context. Our definition of the broad level aligns with the third and fourth phases in interest
development, namely ‘emerging’ and ‘well-developed individual interest’, where the cognitive-epis-
temic component of interest prevails (Hidi & Renninger, 2006).



5. Developing the IPPI | 61

In summary, we found that the data collected with the IPPI results in an item hierarchy that
aligns with earlier findings on students’ interest in physics (Bennett et al., 2007; Drechsel et al., 2011;
Hauller, Lehrke, et al., 1998; Levrini et al., 2017; Sjgberg & Schreiner, 2012) and the hierarchy of inter-
est components in the ‘Four-phase model of interest development’ (Hidi & Renninger, 2006). In this
section, we also refined and described the proposed levels of interest in particle physics qualitatively
by associating each level with different contexts.

5.4. Strengths, limitations, and directions for future research

This study conceptualised interest in particle physics and developed and evaluated a corre-
sponding measurement instrument, the IPPI, utilising a Rasch analysis.

One strength of our study is that by conducting a Rasch analysis for developing and evaluating
the IPPI, we could draw conclusions on the interestingness of each item with respect to other items
and the students’ sample. Moreover, utilising the partial credit model helped us gain additional insights
into the functioning of each item’s rating scale and introduce a novel approach in selecting items from
an initial item pool. This novel approach may be useful for other researchers developing instruments.

Our sample size (N = 99) was large enough to conduct a Rasch analysis. Similar sample sizes
have been used in developing new instruments, such as N = 103 in Luo et al. (2019). However, larger
sample sizes are needed to evaluate differential item functioning, such as for gender, and to collect
additional evidence for the different levels of interest in particle physics. Another limitation is the lack
of generalisability of the results as the measurement instrument was developed in German and the
sample was German-speaking. To enhance generalisability, the instrument must be translated, and data
from other countries must be considered as well.

While defining different levels of interest, one limitation is that the latent trait, that is, the de-
gree of interest, is continuous and not discrete. Nevertheless, we could define three levels of interest
based on the qualitative descriptions of the contexts mentioned in the items. However, the definitions
of contexts used to characterise the students’ levels of interest cover broad and overlapping ranges of
specific contexts. Another limitation of our study is that, although different tasks were mentioned in
the items, we did not examine their effects on the degree of interest expressed in detail.

In our discussion, we interpreted the Wright Map so that the levels of interest in particle physics
are cumulative. For example, students at the level of broad interest are interested in additional contexts
compared to the level of open interest. This is an assumption of the Rasch model used for analysing the
data, and we have shown that the data fits the Rasch model well. We also discussed that the hierarchy
of levels of interest aligns with the four-phase model of interest development (Hidi and Renninger,
2006). It remains an open question for future longitudinal studies whether students indeed progress
through the levels of interest as their interest increases. Moreover, future studies could investigate
whether this hierarchy of students’ levels of interest in particle physics can also be applied to other
modern physics content areas.

This study is part of a larger research project on different types of interest in physics among
students. The project aims to examine and compare students’ levels of interest in particle physics and
mechanics. A large dataset (N > 1000) is now being collected with the IPPI developed in this study and
the original IPN instrument to measure interest in mechanics (HauRler, Lehrke, et al., 1998). In this
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project, we will also examine whether the different levels of interest correlate with different student
characteristics, such as sex and physics-related self-concept.

5.5. Conclusions and implications for practice

Based on previous findings, we conceptualised interest in particle physics. Context was a crucial
aspect of fostering interest among students in past empirical research. Accordingly, we suggested a
theoretical hierarchy of students’ levels of interest in particle physics based on context. That is, different
levels of interest among students were mainly determined by the context in which the physics content
was set. We created the IPPI based on the 11 item categories introduced in the IPN study (Hauller,
Lehrke, et al., 1998). Initially, we created at least three items for each category. Applying the Rasch
partial credit model, we ultimately selected one item per category following clear, stepwise, and repro-
ducible criteria based on the category probability curves, item fit indices, and the sign of an even distri-
bution of items on the Wright Map. The Rasch analysis provided evidence supporting content, con-
struct, statistical, and fit validity of the IPPI. The results demonstrate that we have successfully devel-
oped a valid and reliable instrument to measure interest in particle physics, and we conclude that the
IPPI can be used in future studies. We also interpreted the hierarchy of students’ levels of interest based
on the results of past empirical research and the four-phase model of interest development. We found
that: (1) students at a focused level of interest are interested in particle physics when set in a context,
which arouses emotions; (2) students at an open level of interest were additionally interested in particle
physics when it was set in an everyday life context; and (3) students at a level of broad interest were
even interested in particle physics when it was set in scientific and technical contexts. When interpret-
ing the hierarchy of students’ levels of interest, it is crucial to consider that these levels are cumulative.
This means that the level of broad interest includes the level of open interest, which further includes
the level of focused interest. We conclude that there are groups of students that are characterised by
different levels of interest in particle physics and that these levels describe cumulative, not mutually
exclusive interests.

Comparing our results to those of the IPN study, we draw the following conclusions. For teach-
ing physics HauBler, Hoffmann, et al. (1998) recommended ‘providing opportunities to be amazed’,
‘encouraging discussions and reflections on the social importance of science’, and ‘showing physics in
relation to the human body’ (p. 236-237). This aligns well with our description of the level of focused
interest in particle physics and our finding that most students are interested in contexts that arouse
emotions, that is, contexts related to one’s own body, socio-scientific issues, or existential questions of
humankind. Moreover, they recommended ‘linking content to prior experiences for both boys and girls’
and ‘letting physics appear in application-oriented contexts’ (p. 236). This aligns well with our descrip-
tion of the level of open interest, which describes students that are additionally interested in particle
physics when set in the broad context of ‘everyday life’. We also conclude that HauRler, Hoffmann, et
al.’s (1998) recommendation that ‘the teaching of physics should de-emphasise physics for physics’
sake’ (p. 236) aligns well with our finding that only some students are at the level of broad interest in
particle physics, that is, are even interested in purely scientific or technical contexts. Additionally, we
conclude that the IPN interest types can be described better by applying our hierarchy of levels of in-
terest. In particular, our levels of focused and open interest provide a more detailed description of the
IPN interest type C, which comprises students who are highly interested in physics related to humans,
nature, applications, and society (Sievers, 1999). Similarly, our level of broad interest also describes the
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IPN interest type A, which comprises students who are generally and highly interested in the broad field
of physics, that is, even when set in a purely scientific context (Sievers, 1999).

For educational practice, we imply that knowing and understanding this hierarchy of students’
levels of interest in particle physics can help educators who seek to foster their students’ interest. They
can match the design of their learning activities with the different levels of interest in particle physics
among their students. Here, we outline the following recommendations for educators. For most stu-
dents, it is crucial to trigger emotions by highlighting the relationship between particle physics and
one’s own body, socio-scientific issues, or existential questions of humankind to catch their interest.
For fewer students, it is important to highlight the personal value of particle physics by setting it in an
everyday context to hold their interest. Only when educators aim to tackle the interest of the even
fewer students at the level of broad interest, we recommend cognitive-epistemic learning activities set
in a purely scientific or technical context.

Finally, we suggest that educators implement the recommendations given based on this hier-
archy of levels of interest in particle physics to other modern physics content areas, especially if they
can be set in similar contexts.
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6. MaiN STuDY

In the first study, | developed an Instrument to measure Particle Physics Interest (IPPI) and pro-
posed a hierarchy of levels of interest in particle physics (see Chapter 5). Second, the main study of my
doctoral research project focused on the students’ types of interest in mechanics and particle physics,
as well as on the association of students’ interest with their physics-related self-concept and with their
previous experience with the content areas in school (i.e. addressing the RQs 4 to 10; see Section 4.3.).
In this chapter | present the design and findings of this study.

6.1. Research design of the main study

The main study of my doctoral research project was a cross-cohort study with German-speaking
students aged 14 to 16 years (N = 1219). The measurement instrument was administered online to the
students from May to September 2021. The students’ interest in mechanics and particle physics was
assessed using the instrument to measure mechanics interest from the IPN study and the IPPI. In addi-
tion, different student characteristics, such as their physics-related self-concept, sex, and previous ex-
perience with the content areas in school, were assessed. The main aims of this study were to investi-
gate students’ types of interest in physics utilising a mixed Rasch analysis and their association with
different student characteristics utilising different regression and correlation analyses. | also analysed
whether the hierarchy of students’ levels of interest that | had developed in the first study for particle
physics can be applied to students’ different types of interest in mechanics and in particle physics. In
addition, | analysed to what extent the students’ previous experience with a content area in school
affects their interest in it. For mechanics, the influence of the introductory text was also analysed by
randomly assigning the students to two different versions of the measurement instrument. Below |
describe the measurement instrument used in this study, the participants, and the preparation of the
collected data.

6.1.1. Measurement instrument

| used an online measurement instrument in German language to assess the students’ interest
in mechanics and particle physics, physics-related self-concept, sex, previous experience with the con-
tent areas in school, and background as listed below. | implemented all the items in the ‘SoSci Survey’
platform. | created two different versions of the online questionnaire, one with the original IPN me-
chanics introductory text and one with a newly developed text. The ‘SoSci Survey’ platform was chosen
because it allows for the creation of one link that can be sent to the students and randomly assigns
them to one of the two different versions of the questionnaire. Both versions of the complete online
measurement instrument in German used in my main study are provided in Appendix 10.2.5. and
10.2.6. for this thesis. Below | will present the original English versions or English translations® of the
guestions, exemplar items, and corresponding scales to ease the flow of reading.

(1) The students’ interest in mechanics was assessed using the corresponding introductory
text and interest items used in the IPN questionnaire for half of the students. In addition,
the other half of the students was presented with a new introductory text on mechanics

8 The English translations provided have not been validated yet.
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instead of the original IPN text, while keeping the original interest items. This enabled me
to evaluate the influence of the introductory text on the expressed interest (RQ4, see Sec-
tion 4.3.). The original IPN introductory text and the newly developed introductory text
(both in German and an English translation) and the original IPN items (in German and an
English paraphrase® of each item) are provided in Appendix 10.2.1., 10.2.2., and 10.2.3.
for this thesis. The 11 items on students’ interest in mechanics were based on predefined
item categories (HauBler, Lehrke et al., 1998; see Section 3.4.1.). Each item category de-
scribes the context and the task, in which a content is set, when formulating an item. Table
10 lists three exemplar item categories and corresponding items in English translation.
Each item has a corresponding item ID. For example, the item MO1 measures interest in
mechanics (M) and the two digits indicate the item category (01). For all items the question
was: ‘How interested are you in doing the following related to this topic?’. The students
expressed their degree of interest in each item on a 5-category rating scale (‘My interest

’

in this is ..."” very high (=5), high (=4), medium (=3), low (=2), or very low (=1); HauRler,
Lehrke et al., 1998)%. | used the original IPN instrument for half of the students to enable
a comparison of my results about the students’ types of interest in mechanics to the re-
sults of the IPN study that was conducted in the 1980s and 90s. This approach allows for
drawing conclusions about the applicability of the IPN results to today’s students. The
other half of the students was presented with a new introductory text on mechanics, while
keeping the original items to measure students’ interest in mechanics. The original IPN
introductory text presents mechanics mostly in contexts related to cars and accidents.
When developing the new text, the idea was to present mechanics in a broader variety of
contexts that is closer to the life of today’s students. This new text on mechanics was de-
veloped in March 2021. First, | created two different draft versions of a new introductory
text on mechanics. The draft introductory texts were reviewed by my supervisors. As a
result, one text was chosen because its content is more similar to the original text and
better aligns with the items. Next, the comprehensibility of the chosen draft introductory
text was assessed in one-on-one interviews with 8 German-speaking students (5 female,
3 male; grades 8 to 9) in April and May 2021 using a think-aloud protocol according to
Sandmann (2014). In the interviews the students were also presented with the IPN items
to measure mechanics interest and the IPPI. The students were asked to read aloud and
explain their understanding of the texts and items. Each interview lasted between half an
hour and an hour based on the student. Each interview was audio-recorded and tran-
scribed. | conducted a content analysis of the transcripts (Ericsson & Simon, 1993) focusing
on the new mechanics introductory text. The analysis confirmed that the introductory text
is comprehensible for the students without any changes. | argue that students express
operating interest in each item while filling in such a measurement instrument consisting
of an introductory text and corresponding items. Operating interest in the form of situa-
tional interest may be caused by the interestingness of an item or of the introductory text
that acts as a prior stimulus. Operating interest may also be caused by the students’ al-
ready existing individual interest (see the Section 2.4.).

° 1 am only providing an English paraphrase since an English translation of these items has not been validated

yet.

10 German original: ,Wie gerne wiirdest du im Zusammenhang mit diesem Thema das Folgende tun?’ = ,Mein
Interesse daran ist ..." sehr grof (=5), grofs (=4), mittel (=3), gering (=2), oder sehr gering (=1).
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(2) The students’ interest in particle physics was assessed using the IPPI (instrument to meas-
ure students’ interest in particle physics) consisting of an introductory text and 11 items
that | have developed in my first study (Zoechling et al., 2022; see Chapter 5). The intro-
ductory text (in German and an English translation) and the items (in German and an Eng-
lish paraphrase of each item) are provided in the Appendix 10.1.1. and 10.1.2. for this
thesis. Table 10 also shows three exemplar items. Each item has a corresponding item ID.
For example, the item PPO1 measures interest in particle physics (PP) and the two digits
indicate the item category (01). The IPPl uses the same 5-category rating scale as described
above for the instrument to measure mechanics interest. The IPN instrument acted as a
model for the IPPI to enable a comparison of our results about the students’ types of in-
terest in particle physics to our results about mechanics. Hence, | can draw conclusions
about the universality of the students’ types of interest. As above for the items used to
measure mechanics interest, | argue that students express operating interest in each item
while filling in such a measurement instrument consisting of an introductory text and cor-
responding items.

Table 10. Three exemplar IPN item categories (HauRler, Lehrke et al., 1998), the corresponding
IPN items on interest in mechanics (Hauller, Lehrke et al., 1998), and the items on interest in
particle physics developed for the IPPI. Categories and items are translated into English. The
items in German and an English paraphrase!! of each item are provided in the Appendix 10.1.2.
and 10.2.3. for this thesis.

. IPN item on interest in mechanics .
# | IPN item category (D) IPPI item (ID)

Learning more about how the

] o ] Learning more about which
Learning more kinetic energy of a car is trans- ) )
o i elementary particles are in
04 | about qualitative formed into other forms of
the nucleus space of an

hysics energy (e.g. in the brakes or in the
phy gvlee atom (PP04)

crumple zone) (M04)

Getting insight Learning more about the artificial | Gaining insight into the
07 | into jobs related organs (e.g. heart as blood pump) | workflow in a medical diag-
to humans and joints used in medicine (MQ7) | nostic centre (PP07)

] ) ) Transforming a mobile
Constructing Constructing different pulleys and i )
08 phone into a particle detec-

technical devices trying them out (MO08) o
tor and trying it out (PP0O8)

(3) The students’ interest in the content areas was assessed using two items, one on mechan-
ics aligned with the titles of the introductory texts (‘About movements’ and ‘Mechanics’,
respectively) and one on particle physics (‘Particle physics’). The students had to rate their
interest on a 5-category rating scale (‘My interest in this is ...” very high (=5), high (=4),
medium (=3), low (=2), or very low (=1).

1 am only providing an English paraphrase since an English translation of the IPPI has not been validated yet.
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(4) The students’ physics-related self-concept was assessed using a combination of two meas-
urement instruments to align with the definition of physics-related self-concept given in
Section 2.3.2.. In particular, the two aspects ‘ability self-concept’ (self-perception of phys-
ics ability) and ‘perceived recognition’ (beliefs about the perception as a physics person by
relevant others) were assessed. The item set used to assess self-concept in the IPN study
also addressed both aspects (HauRler, Lehrke et al., 1998). The items in German and their
English version are provided in Appendix 10.2.4. for this thesis. For all items the question
was: ‘How much do you agree with the following statements?’. The students expressed
their degree of agreement in each item on a 4-category rating scale ranging from fully
agree (=4), rather agree (=3), rather disagree (=2), to fully disagree (=1) (Frey et al., 2009)*2.
Each item has a corresponding item ID. For example, the item SCO1 measures physics-
related self-concept (SC) and the two digits indicate the item number (01).

a) The physics ability self-concept (self-perception of ability) was assessed using the cor-
responding instrument in German to assess science ability self-concept from the PISA
2006 study (see Section 3.4.3.; Frey et al., 2009). It consists of 6 items. | adapted the
item wording to measure the physics ability self-concept instead of the science ability
self-concept (e.g. ‘Physics topics are easy for me’ instead of ‘Science topics ..."). This
is based on Marsh (1990) who argues that ability self-concept is domain specific.

b) The physics perceived recognition (beliefs about the perception as a physics person
by others) was assessed using the corresponding instrument consisting of three items
from Kalender et al. (2019a, 2019b, 2020; see Section 3.4.10.; e.g. ‘My parents see
me as a physics person’). | translated the original items from English into German and
added a fourth item about students’ perceived recognition by classmates. Evidence
for the validity of these four items in German language are provided in my study.

(5) The students’ previous experience with the content areas in school was assessed using
seven items each for mechanics and particle physics. For all items the question was: ‘How
exhaustively was this content covered in class?’. The students expressed their degree of
experience with the content presented in each item on a 5-category rating scale ranging
from very exhaustively (=5), exhaustively (=4), medium (=3), just briefly (=2), to not at all
(=1)).2 The seven different contents presented in the items to assess previous experience
with mechanics were: ‘force’, ‘velocity’, ‘energy of motion’, ‘pump’, ‘pulley’, ‘lifting plat-
form’, and ‘braking distance’. The seven different contents presented in the items to as-
sess previous experience with particle physics were: ‘elementary particles’, ‘particle de-
tector’, ‘particle accelerator’, ‘nucleus space’, ‘electron’, ‘the big bang’, and ‘speed of
light'.

12 German original: ,Wie sehr stimmst du mit den folgenden Aussagen iiberein?’ = stimme ganz zu (=4), stimme
eher zu (=3), stimme eher nicht zu (=2), oder stimme gar nicht zu (=1).

13 German original: ,Wie ausfihrlich wurde dieses Thema im Unterricht behandelt?’ = sehr ausfiihrlich (=5),
ausfiihrlich (=4), mittel (=3), nur kurz (=2), oder gar nicht (=1).
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(6) The students’ sex was assessed using one item (‘Please tick your sex’: female (=1), male
(=2), not specified (=3)).

(7) The students’ age was assessed using one item (‘How old are you?’: 14 years (=1), 15 years
(=2), 16 years (=3), other (=4)).

(8) The students’ language most spoken at home was assessed using one item (‘“Which lan-
guage do you speak most at home?’: German (=1), another language (=2), both equally

(=3)).

(9) The students’ school grade was assessed using one item (‘What grade are you in?’: grade
8 (=3), grade 9 (=1), other (=2)).

(10) The students’ school type was assessed using one item (‘What school type are you in?’:
Gymnasium (=1), other (=2)).

(11) Class code: Each participating class was assigned to a class code consisting of three char-
acters. The first is a letter, indicating the country (A=Austria, C=Switzerland, D=Germany).
The second and third are digits, representing the consecutive numbers of the classes. For
example, ‘A01" is the class code of class number one from Austria. Using a class code sys-
tem enables a class-wise comparison of the data later. The students’ class code was as-
sessed using one item (‘What is your class code?’) and a free text field limited to three
characters. Students were instructed which class code to use by their teachers who re-
ceived the respective class codes via e-mail.

(12) Feedback: The students could express further comments in a free text field using one item
(‘Your opinion matters!’).

6.1.2. Participants

| sent out an e-mail invitation to participate in the study to more than 100 teachers in Austria,
Germany, and German-speaking Switzerland. As a result, the questionnaire was filled in by 62 school
classes from different urban and rural areas of the three countries. The teachers who agreed to partic-
ipate in the study with their classes were asked for some background information about their classes,
namely number of students, grade, and whether they have physics classes in the current school year.
The teachers were provided with an email invitation specific for each class and asked to send it to their
students. In this email invitation, the students were provided with the class code and told that they will
need to enter this class code at the end of the questionnaire. Moreover, the students received the link
to access the questionnaire in the email. When clicking on the link the students were randomly assigned
to one of the two versions of the questionnaire. The participating school classes were grade 9 (N = 48,
77%), grade 8 (N = 12, 19%), grade 10 (N =1, 2%), and grade 8 and 9 mixed (N =1, 2%). In total, 1219
students participated in the study. As described above, the students were provided with a class code.
When filling in the questionnaire, some students misspelt their class code, for example ‘DO6’ instead
of ‘D06’ or ‘@21’ instead of ‘A21’. In case of misspelling, | corrected the class code and kept the data.
Some students did not write an identifiable code, e.g. ‘819’. In such cases, | could correct the class code
when the student started filling in the questionnaire at the same time as all students from a certain
class (i.e. the teacher let the students fill in the questionnaire during class). This | also double checked
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with the background questions about the students’ school type and grade. Yet, in five cases, | could not
correct the class code. | considered these cases invalid and excluded them from the dataset (cases 954,
2665, 3081, 3141, and 3506). Table 11 lists some descriptive statistics of the participants in the dataset.
There was no missing data since all questions were marked as mandatory. According to their self-report,
the study participants were 49% female (N = 595) and 44% male (N = 529); 7% of the students (N = 90)
preferred not to specify their sex. 36% of the participating students were aged 14 years (N = 441), 47%
aged 15 years (N =573), and 10% aged 16 years (N = 115); 7% had a different age (N = 85).

Table 11. Descriptive statistics of the valid sample | *information provided by the teacher and associ-
ated with the class code

Austria Switzerland | Germany Total
Sample size N 798 183 233 1214
Count (% of the sample)
Grade*
8 140 (18%) 111 (61%) - 251 (21%)
9 626 (78%) 72 (39%) 233 (100%) | 931 (77%)
mixed (8 and 9) 17 (2%) - - 17 (1%)
10 15 (2%) - - 15 (1%)
Physics class in current year*
yes 659 (83%) 116 (63%) | 233 (100%) | 1008 (83%)
no 128 (16%) 67 (37%) - 193 (16%)
mixed 11 (1%) - - 11 (1%)
Age
14 years old 236 (30%) 80 (44%) 125 (54%) | 441 (36%)
15 years old 403 (50.5%) | 79 (43%) 91 (39%) 573 (47%)
16 years old 91 (11%) 14 (8%) 10 (4%) 115 (9%)
other 68 (8.5%) 10 (5%) 7 (3%) 85 (7%)
Sex
female 368 (46%) 87 (48%) 140 (60%) | 595 (49%)
male 373 (47%) 83 (45%) 73 (31%) 529 (44%)
prefer not to specify 57 (7%) 13 (7%) 20 (9%) 90 (7%)
Language spoken most at home
German 554 (69%) 128 (70%) 189 (81%) | 871 (72%)
another language 117 (15%) 34 (19%) 22 (9%) 173 (14%)
both equally 127 (16%) 21 (11%) 22 (9%) 170 (14%)

6.1.3. Preparation of the collected data

First, | prepared the collected data. | decided on excluding students who took less than three
minutes to take the test. | argue that it is very unlikely that these students have read the instrument
but ticked answers randomly instead. As a result, | excluded 27 students from the data. Thus, the sam-
ple size for analysis was N = 1187 students.
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6.2. Quantitative and qualitative analysis of the collected data

The collected data was analysed quantitatively and qualitatively in seven main steps. Below |
first describe these steps, and then | present the different analysis methods in more detail.

As a first step of data analysis, | needed to investigate to what extent the introductory text on
the physics content area mechanics affects the students’ expressed interest, when using the same
items (RQ4, see Section 4.3.). | conducted separate mixed Rasch model analyses for the data concern-
ing students’ interest in mechanics collected with the two different versions of the questionnaire and
checked whether the obtained groups (i.e. their item and person measures) differ in comparison to the
ones obtained with the full data set, utilising independent-samples t-tests. Only if there were no statis-
tically significant differences, | would be able to combine both datasets for further analyses.

Second, | investigated into which different types of interest in mechanics and in particle physics
the students can be categorised (RQ5, see Section 4.3.), utilising mixed Rasch model analyses.

Third, | investigated to what extent the proposed hierarchy of students’ levels of interest in
particle physics can be applied to the students’ types of interest in mechanics and in particle physics
(RQ®, see Section 4.3.). | have introduced a conceptualisation of interest in particle physics comprising
three levels of interest to describe the item hierarchy in my first study based on the context in which
different physics contents may be set (see Section 5.2.1.). The three levels of interest in particle physics
provide an overview of which contexts are more (or less) interesting relative to one another for the
students. To investigate whether the item hierarchies of the students’ types of interest obtained in the
main study are also in line with the proposed hierarchy of levels of interest, | conducted a qualitative
analysis of the item hierarchy of each type of interest; that is, | examined the item measures and word-
ings.

| also investigated whether the students are overall more interested in the content area ‘parti-
cle physics’ or ‘mechanics’ (RQ7, see Section 4.3.), utilising an analysis of the mean individual interest
differences. | calculated the individual differences between the Rasch person measures about the stu-
dents’ interest in particle physics and mechanics. | subtracted the mechanics interest measures from
the particle physics interest measures. Then, | calculated the mean of the total sample and the different
interest types. Positive values would indicate that particle physics is on average more interesting
whereas negative values would indicate that it is mechanics. | analysed whether this difference is sta-
tistically significant utilising a one-sample t-test.

In the fifth step, | investigated to what extent the students can be categorised into different
types of physics-related self-concept (RQ8, see Section 4.3.), utilising mixed Rasch model analyses.

Then, | investigated to what extent physics-related self-concept is a better independent varia-
ble than sex for distinguishing between different types of interest in mechanics and in particle physics
(RQY, see Section 4.3.), utilising independent-samples t-tests, and linear and logistic regression model
analyses.

Finally, | investigated to what extent the students’ previous experience with the content areas
in school affects their expressed interest in these content areas (RQ10, see Section 4.3.). First, |
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conducted a Rasch model analysis separately of the data regarding students’ previous experience with
mechanics and particle physics, respectively. | decided on utilising a Rasch model (in contrast to a mixed
Rasch model) because the focus was on students’ different degrees of previous experience with the
content areas (in contrast to qualitative differences in their experience profiles). | used the obtained
Rasch person measures regarding the students’ previous experience with the content areas in school
to conduct linear regression model/correlation analyses to investigate the association of experience
with and interest in both content areas.

6.2.1. (Mixed) Rasch models

In this section | first summarise the features of Rasch models and then describe the additional
features of mixed Rasch models.

| used Rasch models to analyse the collected data about students’ (1) experience with mechan-
ics and (2) experience with particle physics (RQ10; see Section 4.3.). Analysing data using a Rasch model
facilitates the computation of linear measures for both persons and items. The person measure reflects
the degree of the measured construct that a student has (Wright & Stone, 1979). For (1), that is the
student’s degree of previous experience with mechanics in school; and for (2), the student’s degree of
previous experience with particle physics in school. The higher the respective person measure, the
higher the person’s experience in mechanics (1) and particle physics (2). The item measure reflects for
(1), how much previous experience in school students report regarding the mechanics content pre-
sented in the item; and for (2), how much previous experience in school students report regarding the
particle physics content presented in the item. The lower the respective item measure, the more expe-
rience students report. Person and item measures are expressed on the same linear scale and in the
unit of logits. To examine person and item measures Wright Maps can be created in Rasch analysis
(Wright & Stone, 1979).

| conducted mixed Rasch model analyses to investigate the students’ types of (3) interest in
mechanics, (4) interest in particle physics, and (5) physics-related self-concept (RQs 4, 5, and 8; see
Section 4.3.). That is, | examined whether students not only differ in their quantitative degrees of the
measured constructs but also qualitatively in their answer profiles. If students had qualitatively differ-
ent answer profiles, | could describe them in terms of different types. Within each type, students have
similar answer profiles but different degrees of the measured construct. One aim of my study is to
investigate these types with qualitatively different answer profiles and the students’ different degrees
of the measured construct within each type. To which type a student belongs, is a latent qualitative
characteristic of the student. Thus, latent class analysis (LCA; Lazarsfeld & Henry, 1968) could be used
to uncover the students’ most probable type assignment. Yet, one assumption of LCA is that persons
within a certain type all have the same degree of the measured construct. Hence, to additionally inves-
tigate the students’ different degrees of the measured construct within the different types, another
approach must be used that adds the above-described features of Rasch analysis. Mixed Rasch analysis
combines the plus-sides of latent class analysis and Rasch analysis (Wright & Stone, 1979; Rost & von
Davier, 1995). Hence, | used a mixed Rasch approach to analysing the collected data about students’
(3) interest in mechanics, (4) interest in particle physics, and (5) physics-related self-concept.

In a mixed Rasch model, persons are categorised into different classes based on their most
probable class assignment like in a latent class analysis. In my study, the classes represent groups of
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students with qualitatively different answer profiles.** For (3), the answer profiles show the mechanics
interest profiles, that is, how interesting different items on mechanics are relative to each other; and
for (4), the particle physics interest profiles, that is, how interesting different items on particle physics
are relative to each other. Within a group of students, the same items are more (or less) interesting
relative to each other for the students. For (5), the answer profiles show the physics-related self-con-
cept profiles, that is, how easy to agree with different items on a student’s physics-related self-concept
are relative to each other. Within a group of students, the same items on physics-related self-concept
are more (or less) easy to agree with relative to each other for the students. Within each group of
students, a Rasch model is used to describe students’ degrees regarding the measured construct as
described above. | evaluated and compared the students’ and the items’ characteristics within and be-
tween the different groups of students based on the Wright Maps. For example, for (4), | evaluated and
compared the students’ different degrees of interest in particle physics and the interestingness of the
different items on particle physics relative to each other within and between the different groups.

In sum, there are three principles underlying mixed Rasch analysis (Wright & Stone, 1979; Rost
& von Davier, 1995):

1) The sample consists of a mix of several groups of students with qualitatively different answer
profiles.

2) The students are categorised into one of these groups based on their most probable group
assignment, as in latent class analysis.

3) Within each group, the Rasch model is applied. Hence, each student is characterised by a
guantitative person measure, that is, a measure representing the student’s degree of the
measured construct. Students may differ in their person measures.

There are several mixed Rasch models, and the choice of the right model needs to be based on
the nature of the data. Since my measurement instrument consisted of rating scale items, | used the
mixed Rasch rating scale model. To understand this model one needs to understand the concept of
threshold measures. A threshold measure marks the threshold between one rating scale category to
another. For example, threshold 1 is between the categories ‘very low’ and ‘low’. Since there are five
rating scale categories, there are four thresholds, and hence four threshold measures for each item. In
the mixed Rasch rating scale model the differences between the threshold measures are the same
across all items within a group but can differ for different threshold. For example, the difference be-
tween the threshold measures 1 and 2 is the same for all items within a group. Likewise, the difference
between the threshold measures 2 and 3 is the same for all items within the group, but this difference
can differ from the difference between the threshold measures 1 and 2. The mixed Rasch rating scale
model can be obtained by restricting the mixed Rasch general ordinal model. The mixed Rasch general
ordinal model can be expressed with the equation 1'*> (Rost & von Davier, 1995).

14 The term ‘group’ does not refer to a ‘type’ (as mentioned in RQ5 and 8). A group may indeed form a type or
several groups combined may together form a type.
15 ¥ denotes a summation and I denotes a product.
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C k )
P, =0 =] ] exp(xifue — ils Tuc) N
’ c=1 : i1 Zh=0 exp(hby — X1 Tuc)

with Y9_, 7, = 0. v is the person number and n is the total number of persons; i is the item
number and k is the total number of items; ¢ is the class number and C is the total number of classes.
L is the threshold number, m is the total number of thresholds, h € {1, ..., m} is the number of passed
thresholds. The number of response categories is m + 1. A person’s response to item I; is x; €
{0, ..., m}, the response vector to all items is x = (x4, ..., X ), and X,, is the response vector of a person.
Equation 1 describes the probability of a person’s observed response vector. The threshold measures
are Tj;c. The threshold measures within a latent class obey the normalisation condition that they sum
up to zero; that is,

k m
Tine = 0 (2)
i=1h=1

for all ¢ because the item measure mean is set to zero within a latent class (Rost & von Davier,
1995). The measures of all passed thresholds can be summed up to yield the measure of a certain
response category. The person measures are 8,,.. The threshold and person measures are class-specific,
and thus are estimated for each latent class. The . parameterise the class sizes, and thus sum up to
one; that is,

ch=1 3)

By restricting the ;. of the mixed Rasch general ordinal model (equation 1), one obtains sub
models, such as the mixed Rasch rating scale model. The mixed Rasch rating scale model results from
restricting the threshold measures; that is,

Tihc = Oic T The (4)

with Y, The = 0 for all ¢ (Rost & von Davier, 1995). The item measure of item [; in class c is

The Rasch person and item measures are estimated using a conditional maximum likelihood
(CML) approach. The observed data are seen as function of unknown Rasch measures. The measures
are estimated using the estimation-maximisation (EM) algorithm (Dempster et al., 1977; von Davier,
2001). The measures are first estimated (E-step). Then, the aim is to find the maximum of likelihood
(explained below) of having generated the observed data for the estimated measures (M-step). Since
the item and person measures are not estimated simultaneously, they are not biased. First, the item
measures are estimated. The estimated item measures are then used to estimate the person measures.
The Rasch person measures are based on the raw scores. Thus, within a group all persons who achieved
the same raw scores also have the same person measures. The person measures used in my study are
weighted likelihood estimates (WLE; von Davier, 2001; Warm, 1989) as used also in the PISA studies
(OECD, 20073, 2016).
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The likelihood function L (i.e. the probability of the complete persons times items data matrix)
is the product of the individual probabilities for each person and each item. Since the values of the
likelihood function are usually small, the natural logarithm of the likelihood (InL) is used instead. The
model describes the data the better, the higher the logarithmic likelihood (LL*) is. It is important to
note that less restrictive models (e.g. a model with more latent classes) usually have higher logarithmic
likelihoods.

Hence, as a criterion for model validity, | combine qualitative and quantitative methods. Quali-
tatively, | analyse whether the retrieved model (e.g. a model consisting of three different groups of
students with different particle physics interest profiles) is interpretable in a sound manner. Quantita-
tively, | use the Bayesian information criterion (BIC) value since previous studies suggest that it is the
most reliable when conducting mixed Rasch analysis (HaulRler, Lehrke et al., 1998; Preinerstorfer &
Formann, 2012; Quandt, 2012; Sen, 2018; Sievers, 1999). The BIC value is calculated from the maximum
likelihood L of the data with sample size N and number of measures to be estimated k (equation 5).

BIC = —2InL+k InN =—-2LL+k InN (5)

The BIC value approximates the Bayes factor for large sample sizes. Hence, | follow Kass and
Raftery’s (1995) guideline for the Bayes factor; that is, a smaller BIC value indicates that the correspond-
ing model describes the collected data better than other models with higher BIC values. With reference
to the lowest BIC value delta-BIC values are calculated. | consider delta-BIC values above 150 to indicate
very strong evidence in favour of the model with smaller BIC value, above 20 to 150 strong evidence,
and above 3 to 20 positive evidence (Kass & Raftery, 1995).

As outlined above, | conducted the mixed Rasch analysis separately for the data regarding stu-
dents’ (3) interest in mechanics, (4) interest in particle physics, and (5) physics-related self-concept. |
calculated different models for each dataset, that is, models with different numbers of groups. In par-
ticular, I calculated four different mixed Rasch models for each dataset, from a model with only one
group of students, that is, the sample is not divided into groups of students with different answer pro-
files, to a model with four different groups of students. | did not consider models with more than four
groups, since (a) models with relatively more groups are less restrictive and usually have higher loga-
rithmic likelihoods, that is, lower BIC values; (b) my hypotheses are that there are three different types
of interest and no different types of self-concept; and (c) having more than four groups would result in
relatively small percentual sizes, which reduces the usefulness of the description of types for educa-
tional practice.

6.2.2. Evaluation of the obtained Rasch person and item measures

After calculating different (mixed) Rasch models and choosing the best fitting models, the ob-
tained Rasch measures were evaluated. The Rasch measures were evaluated individually for all groups
of all chosen models. First, | evaluated the item measures. This is crucial for answering my research
guestions since (a) the item fit provides further evidence for the quality of the chosen model and (b)
the item measures are used in the further analyses. The fit statistics are based on the difference be-
tween what is observed and what is expected by the Rasch model. The fit of the items within each

16 The logarithmic likelihood LL is the logarithm of the likelihood InL.
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group obtained from the mixed Rasch analysis was evaluated using the Q index, which is the quotient
of two conditional log-likelihood ratios (Rost & von Davier, 1994)Y. The Q index ranges from 0 to 1. A
Q index of 0 indicates perfect fit, 0.5 indicates independence of the trait and the item (i.e. random
response behaviour), and 1 indicates perfect misfit (Rost & von Davier, 1994, 1995). The standardisation
of the Q index, ZQ, can be assumed to be asymptotically normally distributed with a zero mean. To
check for item fit, | used the items’ ZQ values and apply a 2-sigma (95%) confidence interval; that is, |
considered items with ZQ values ranging from -1.96 to 1.96 as having a good fit.

The Rasch person measures were evaluated in terms of Rasch person fit and multivariate out-
liers. The Rasch person fit was investigated using the persons’ newfit values provided as output by the
software ‘WINMIRA'. According to the WINMIRA manual the newfit values are ‘almost normally distrib-
uted’ (von Davier, 2001). | excluded persons whose newfit 1 and/or 2 value is < —3 or > 3 following
the rule-of-thumb guideline provided by Boone et al. (2014). | also excluded persons for who no newfit
values were calculated because their person measures are extreme values. To check for multivariate
outliers, | performed a linear regression analysis to model the relationships between the dependent
variables (interest in mechanics, interest in particle physics, physics-related self-concept; RQ9, see Sec-
tion 4.3.). Since the independent variable is not important for this outlier analysis, | used the students’
case ID as independent variable. The regression model was calculated on the Rasch person measures
for these variables. Consequently, the resulting regression coefficients were in logit units. Based on the
recommendations by Tabachnick and Fidell (2013) to determine the suitability of data for linear regres-
sions | excluded multivariate outliers using the Mahalanobis distance (Mahalanobis, 1936). The Ma-
halanobis distance is a measure for the distance between one datapoint and the point of the mean of
the multivariate dataset. | compared the Mahalanobis distances to a chi-square distribution with the
same degrees of freedom, that is, with the number of variables used to calculate the Mahalanobis dis-
tances, which is three in my case. | calculated the probability that a value from the chi-square distribu-
tion with three degrees of freedom will be less than the Mahalanobis distance of each person. Multi-
variate outliers are indicated by probability values less than 0.001. Following this cut-off value, the data
of these persons were excluded from the further analyses. Moreover, | excluded the data of the stu-
dents who did not indicate their sex (option: ‘prefer not to say’) because the reasons why they did not
indicate their sex are unknown. For example, students might think that their sex does not matter, or
they might not see themselves as either female or male. The reduced sample size following these ex-
clusions is referred to as Nreg.

6.2.3. Mean, Standard Deviation, and Standard Error

| calculated the mean, standard deviation, and standard error values using the Rasch person
measures. In Rasch analysis, the person measures are scaled with respect to the item measures whose
mean is set to 0 by default. Person and item measures are expressed on the same linear scale and in
the unit of logits. For these calculations | used the reduced dataset with sample size N,.q; that is, non-
fitting persons, multivariate outliers, and persons who did not indicate their sex, were excluded. The
mean X is the average Rasch person measure of all participants in the reduced dataset for a certain
variable x (e.g. the students’ degrees of interest in particle physics). The standard deviation s, is a

17 This is a different fit index as used in the first study. When developing the IPPI, | used a different software
(Winsteps) that can only calculate Rasch models (not mixed Rasch models). This software provides MNSQ val-
ues for item fit. Rost and von Davier (1994) discuss different fit indices and how they are calculated.
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measure for how variable the data for a certain variable x of the sample®® are around the sample mean
x. The standard error SE, is calculated as the sample’s standard deviation divided by the square root
of the respective sample size; that is,

SE, = \/_N (6)

6.2.4. Statistical significance and p-value

In significance testing, the p-value is the probability of observing an outcome that is at least as
extreme as the outcome actually observed (e.g. interest and self-concept are correlated) under the
assumption that the null hypothesis applies. The null hypothesis states that there is no difference or
relationship (e.g. interest and self-concept are not correlated). In this study, a p-value of 0.05, that is, a
probability of 5% that an outcome was observed under the null hypothesis, was used as a-level. Only if
the calculated p-value was smaller than this a-level, the observed outcome was considered to be sta-
tistically significant. When multiple significance tests are performed, the a-level is inflated; that is, it
becomes more likely that one outcome is significant although it is not. Here, corrections, such as a
Bonferroni correction, can be applied (Hox et al., 2017). However, | chose not to apply a correction and
instead interpret results with great care.

6.2.5. One-sample t-test

When comparing the mean for a certain variable X (e.g. the mean difference in Rasch person
measures between interest in particle physics minus mechanics) to an a priori value of the mean u (e.g.
0, indicating no mean difference in interest), a one-sample t-test may be used. A one-sample t-test
provides evidence whether the difference between the mean and the a priori value of the mean is
statistically significant. The null hypothesis is that the means are equal. For example, | used a one-sam-
ple t-test to analyse the mean individual differences between mechanics and particle physics interest
(RQ7, see Section 4.3.).

The basis of a t-test is the t-distribution. The t-distribution is a bell-shaped function differing
from the standard normal distribution in height and width depending on the number of degrees of
freedom (e.g. sample size). Yet, for large degrees of freedom (e.g. sample sizes above 30) the t-distri-
bution more and more looks like the standard normal distribution. From the t-distributions one can tell
the t-value. In a t-test the t-value defined by the degrees of freedom is investigated. The t-value corre-
sponding to the null hypothesis is 0. t-values significantly different from 0, that is, above (right hand
side of the distribution) or below (left hand side of the distribution) a certain critical value, indicate that
the null hypothesis is rejected in favour of the alternative hypothesis.

If X is the mean, s, is the corresponding standard deviation, SE,, is the corresponding standard
error, i is the a priori value of the mean, and N is the sample size, the t-value can be calculated as
follows in a one-sample t-test:

18 A distinction has to be made between the sample that is participating in the research and the population with
respect to which one wants to draw conclusions. In equations this is done for certain variables, such as the
standard deviation, by using the Latin letter (s) to indicate a reference to the sample and the Greek letter (o)
to indicate a reference to the population.
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Some assumptions need to be met for conducting a one-sample t-test, namely the data are
normally distributed, independent, continuous, and obtained via a simple random sample.

6.2.6. Independent-samples t-test

When comparing the means for a certain variable x between two groups (e.g. groups who were
presented with (1) the original IPN or (2) the newly developed introductory text), independent-samples
t-tests may be used (also referred to as unpaired-samples t-test). An independent-samples t-test pro-
vides evidence whether the difference between the group means is statistically significant. For exam-
ple, | used an independent-samples t-test to analyse the mean interest in mechanics of the two groups
who were presented with (1) the original IPN or (2) the newly developed introductory text (RQ4, see
Section 4.3.).

If X; and x, are the means of the two groups, s, ; and s, , are the corresponding estimated
standard deviances, sx_lz and sxlzz the corresponding variances, and N; = N, = N is the group size of
both groups, the t-value can also be calculated as follows:

X1~ X

t =
Sx,lz + Sx,zz \/5 (8)
\ 2 N
5x,12+5x,22 . L.
The term s referred to as pooled standard deviation.

Some assumptions need to be met for conducting an independent-samples t-test, namely the

two sample sizes are equal, and the data have equal variances, are normally distributed, independent,
continuous, and obtained via a simple random sample. Yet, t-tests are quite robust to deviations from
these criteria if the sample size is big enough and relatively similar for the two groups (Muijs, 2004). A
Levene’s test provides evidence whether the difference between the variances of the two groups is
statistically significant (Levene, 1961). The null hypothesis is that the groups have equal variances. For
equal variances but unequal sample sizes the t-value is calculated as follows:

X1 — Xz

(Ny — 1)Sx,12 + (N, — 1)Sx,22 1 n 1 (9)
N1+N2 - 2 N1 N2

Ni—1)Sx 12+ (Np—1)s55° . L _
The term \[( L )SI’\‘]‘1+N( 22 )52 is the pooled standard deviation for unequal group sizes.
1 27
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6.2.7. Cohen’sdc

If there is a statistically significant difference between the mean and an a priori value of the
mean (one-sample t-test) or between the group means (independent-samples t-test), effect sizes indi-
cate the strength of the difference. Effect sizes are commonly reported as Cohen’s d. (Cohen, 1988;
equation 10).

X1 — X
Sy 12+ S22 (10)
2

This equation (10) is similar to the ones used for calculation the t-value (equations 7, 8, and 9).
Indeed, it is possible to calculate Cohen’s d. from the t-value. The above-described adaption of the
pooled standard deviation for unequal sample sizes applies in both cases. Cohen (1988) defines the
effect size of the group differences as follows:

e Small effect: d = 0.2 - 0.4
e Medium effect: d; = 0.5 - 0.7
o largeeffect:d; > 0.8

In significance testing, the effect size is usually reported together with the respective confi-
dence interval (Cohen, 1988; Wilkinson & American Psychological Association Task Force on Statistical
Inference, 1999). Originally, Cohen (1988) defined the effect size as the combined area covered by two
equal-sized equally varying normal distributions that is not overlapping. Grice and Barrett (2014) point
towards drawbacks of this definition based on the non-overlapping area. For example, following Cohen
(1988), d¢ = 0.5 means that 33% of the area is not overlapping but when looking at the data only 20%
of data points are in the non-overlapping area (Grice and Barret, 2014).

6.2.8. Pearson correlation coefficient

The Pearson correlation coefficient has several names, such as the Pearson’s r, the bivariate cor-
relation in SPSS, or simply the correlation coefficient in research papers. The Pearson correlation coef-
ficient r provides evidence to what extent the two variables x and y are linearly correlated in terms of
direction and strength. It ranges from -1 (perfect negative linear correlation) to 1 (perfect positive linear
correlation). It is calculated as the ratio between the covariance of the two variables and the product
of their standard deviations. Hence, the Pearson’s r is basically a standardisation of the covariance. The
covariance can be calculated for interval scaled variables (e.g. Rasch person measures in logit units).
The standardisation of the covariance to obtain the Pearson’s r is necessary since otherwise two differ-
ent covariances cannot be compared with each other.

If x and y are two different interval scaled variables with mean values X and y, x; and y; are the
corresponding values of a person i, and N is the sample size, the covariance is calculated as follows:

Licali =) =) (11)

cov(a,y) = ==
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If x and y are two different interval scaled variables and s, and s,, are the corresponding esti-
mated variances, the Pearson ris calculated as follows:

cov(x,

6.2.9. Linear Regression Models

linvestigated the relationship between interest and self-concept (RQ9, see Section 4.3.) as well
as interest and previous experience with the content areas in school (RQ10, see Section 4.3.) utilising
linear regression models on the person measures obtained from the mixed Rasch analysis. To describe
linear relationships between two interval scaled variables, a linear regression model can be used, that
is, graphically spoken, fitting a regression line in the scatterplot of the data. The aim is that the sum of
the squares of the residuals, that is, the differences between the predicted and the observed y-values,
is minimal. This is achieved by calculating the slope of the regression line (i.e. the regression coefficient;
equation 13).

cov(x,
b= (2 y) (13)
Sx
To ensure comparability of the regression coefficients across different models, the standard-
ised regression coefficient B (also referred to as standardised regression weight, beta weight, beta co-

efficient) is calculated using the standard deviations of the variables (equation 14).

B=bz—x (14)
y

To investigate to what extent the predicted and the observed values agree, the coefficient of
determination R?is calculated using the variances of the predicted and the observed values (equation
15).

5.2
R2 = Ypredicted (15)
s
y

The coefficient of determination ranges from 0 to 1 and indicates to what extent the variance
of yis correctly predicted by the regression model. Commonly, it is analysed whether the coefficient of
determination differs significantly from 0 using the p-value. The rule-of-thumb guideline for interpret-
ing R? is that the values 0-0.1 indicate poor improvement in fit over the baseline model, 0.1-0.3 modest
improvement, 0.3-0.5 moderate improvement, and >0.5 strong improvement (Muijs, 2004). Muijs
(2004) suggest using the ‘“Adjusted R?, a downwards adjustment of R? that takes into account that the
model is likely to fit the population less well than the sample.

6.2.10. Logistic Regression Models

| investigated to what extent the interest types are described better, when using self-concept
instead of sex as an independent variable (RQ9, see Section 4.3.) utilising logistic regression model
analyses. In particular, | calculated different logistic regression models using the results from the mixed
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Rasch analysis. This enabled me to investigate the correlational relationship between the independent
variables (e.g. students’ characteristics) and the likelihood of the event (e.g. students being assigned to
a certain type). Logistic regression allows for the dependent variable to be categorical and for the inde-
pendent variables to be both continuous and categorical. In my study, the dependent variables were
the student’s most probable type assignment obtained from the mixed Rasch analysis for the data
about students’ (1) interest in mechanics and (2) interest in particle physics. The independent variables
were the student’s sex (categorical) and physics-related self-concept (continuous Rasch person meas-
ure and categorical most probable type assignment obtained from the mixed Rasch analysis). | tested
several assumptions, such as adequacy of expected frequencies and absence of outliers in the solution,
at the beginning of the analysis to ensure that the data is suitable for logistic regression based on the
recommendations by Tabachnick and Fidell (2013).

| calculated several logistic regression models. | examined the likelihood ratios of the baseline
model, that is, a model in which the independent variables are O (the constant-only model), and the
different comparison models to find the models that are significantly better than the baseline model
using logarithmic likelihood ratio tests'®. The logarithmic likelihood ratio is calculated using equation
18.

L
Logarithmic Likelihood Ratio (LLR) = —2 x In (L—0> = —2x(LLy—LL.) (18)
[

Lg is the likelihood of the baseline model (the constant-only model), LL, is the maximised log-
arithmic likelihood of the baseline model (the constant-only model); L. is the likelihood of the compar-
ison model; and LL, is the maximised logarithmic likelihood of the comparison model. In a logarithmic
likelihood ratio test, one analyses whether the logarithmic likelihood ratio is significantly different from
0. LLR-values significantly different from 0 indicate that the null hypothesis does not apply; that is, the
comparison model is significantly better than the baseline model.

After choosing the best model, | interpreted the odds ratio as commonly done in logistic re-
gression analysis (Niu, 2020). The odds are the ratio of an event occurring to the event not occurring.
For example, the odds of group assignment are the ratio of the number of students being in type 2 to
the number of students not being in type 2, that is, the students are in type 1 instead. The odds ratio is
the ratio of the odds and is measured between two individuals differing by one unit on the independent
variable. For example, the odds ratio of group assignment per sex is the ratio of the odds of male stu-
dents’ type assignment to the odds of female students’ type assignment. The odds ratio indicates the
direction of the relationship (Niu, 2020). The odds ratio can also be described in terms of probabilities;
that is,

p(x +1)/(1 —px +1))
p(x)/(1 = p(x))

Odds Ratio (OR) = (16)

where p is the probability that the event occurs (e.g. a student being in type 2), x is the inde-
pendent variable (e.g. students’ sex with reference category female), and x+1 is one-unit change in the

independent variable (e.g. from female to male). Often, researchers erroneously report the odds ratio
as ratio of probabilities (described below; Niu, 2020).

¥ They are referred to as chi-square tests in the statistical software ‘SPSS’.
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The significance of the correlational relationships between the different independent variables
and the likelihood of the event was tested by calculating the p-values of the different logistic regression
models. Most statistical software provides the odds ratio and the p-value as the standard output of a
logistic regression analysis.

After determining the direction and the significance of the relationships, | examined the
strength of statistically significant correlational relationships in terms of probabilities (Niu, 2020). The
probability is the ratio of a certain event occurring to the total number of events. For example, the
probability of type assignment is the ratio of the number of students being in type 2 to the total number
of students. The ratio of probabilities is also known as relative risk. For example, the relative risk of type
assignment per sex is the ratio of the probability of male students’ type assignment to the probability
of female students’ type assignment. The strength of a correlational relationship can be investigated by
calculating the relative risk (Niu, 2020; equation 17).

Relative Risk (RR) = OR—(OR—1) *p(x + 1) (17)

where p(x+1) is the probability that the event (e.g. a student being in type 2) occurs for the
comparison group (e.g. male students). First, | manually calculated the probability p(x+1) for the cate-
gorical variables.?’ Then, | manually calculated the relative risk for the best fitting logistic regression
model using the odds ratios obtained from the statistical software.

To investigate to what extent the values predicted by the regression model and the observed
values agree, | used the Nagelkerke’s R?. It is also referred to as Pseudo R? and ranges from O (indicating
that the independent variables do not improve the model) to 1 (indicating the absence of prediction
errors, that is, the perfect model). In addition, | analysed the number of correctly classified cases.

To find the independent variables that make the model significantly better compared to a
model where the same variable is O, | utilised the Wald statistics (equation 19; Field, 2009). The ap-
proach is equivalent to conducting a t-test in linear regression. In a Wald test, the Wald-value corre-
sponding to the null hypothesis is 0 and Wald-values significantly different from 0 indicate that the null
hypothesis does not apply; that is, the model is significantly better compared to a model where the
same variable is O.

In(OR) \*
—) (19)

Wald =
<5 Eincory

6.2.11. Software

| used the software “‘WINMIRA'’ to calculate the (mixed) Rasch models as well as the correspond-
ing model, person, and item fit values. | also created the figures showing the Rasch answer profiles with
WINMIRA. To conduct different statistical analyses of the obtained Rasch person measures, such as
linear and logistic regression and t-tests, | used the software ‘IBM SPSS statistics 28’. Finally, | used the
software ‘RStudio’ for creating visualisations of the different analysis results, such as scatterplots and
boxplots.

20 This is to my knowledge not possible for continuous variables.
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6.3. Results and discussion

The data collected with my measurement instrument was analysed in seven main steps (de-
scribed in Section 6.2.). In the first step, | investigated to what extent the introductory text on the
physics content area mechanics affects the students’ expressed interest, when using the same items
(RQ4, see Section 4.3.). Second, | investigated into which different types of interest in mechanics and
in particle physics the students can be categorised (RQ5, see Section 4.3.). Third, | investigated to what
extent students’ types of interest can be described in terms of a hierarchy of students’ levels of interest
(RQ6, see Section 4.3.). | also investigated whether the students are overall more interested in the
content area particle physics or mechanics (RQ7, see Section 4.3.). In the fifth step, | investigated to
what extent the students can be categorised into different types of physics-related self-concept (RQS,
see Section 4.3.). Then, | investigated to what extent physics-related self-concept is a better independ-
ent variable than sex for distinguishing between different types of interest in mechanics and in particle
physics (RQ9, see Section 4.3.). Finally, | investigated to what extent the students’ previous experience
with the content areas affects their expressed interest in these content areas (RQ10, see Section 4.3.).
Below | present and discuss the results concerning the RQs 4 to 10 with respect to the respective hy-
potheses. Due to the high number of RQs, | decided to structure the results and discussion individually
for each RQ. This approach makes it easier for readers to follow compared to first reporting the results
concerning all RQs and then presenting the discussion concerning all RQs.

6.3.1. Influence of the introductory text on students’ interest in mechanics

The results concerning my research question about the influence of the introductory text on
the students’ interest are presented and discussed in this section. My RQ4 asked ‘To what extent does
the introductory text on the physics content area mechanics affect students’ expressed interest, when
using the same items?’. The original IPN introductory text presents mechanics mostly in contexts re-
lated to traffic and accidents, whereas the newly developed text presents mechanics in a broader vari-
ety of contexts. The hypothesis for this research question was that the students’ expressed interest in
mechanics changes, when using a different version of the introductory text in combination with the
same items. This hypothesis was based on Schwarz’ study (1999) which showed that the information
provided in a questionnaire influences the participants’ responses. It was shown that the framework of
an item has a strong influence on the participants’ response since they assume that the information
provided in a questionnaire is relevant, and thus base their judgement primarily on it (Schwarz, 1999).

Results

To investigate to what extent the introductory text on mechanics affects the students’ ex-
pressed interest, | separately analysed the data subsets collected with the instrument to measure me-
chanics interest comprising the (1) original IPN introductory text (N = 596) and (2) the newly developed
introductory text (N = 591). For both datasets (1) and (2), | conducted a mixed Rasch analysis for four
different models, from a model with only one group?! of students, that is, the sample is not divided into
groups of students with different interest profiles, to a model with four groups of students with differ-
ent interest profiles. The delta-BIC values of the four calculated models with respect to the model with
the lowest BIC value for both are listed in Table 12.

21 The term ‘group’ does not refer to an ‘interest type’ (mentioned in RQ5). A group may indeed form an inter-
est type or several groups combined may together form an interest type.
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For both datasets, the BIC value of the 3-groups-model was the smallest. For dataset (1), the
delta-BIC values indicated very strong evidence against the 1-group-model, strong evidence against the
2-groups-model, and positive evidence against the 4-groups-model. For dataset (2), the delta-BIC val-
ues indicated very strong evidence against the 1-group-model, and strong evidence against the 2- and
4-groups-models. For both datasets (1) and (2), the delta-BIC values provided evidence that a model
comprising more than one group describes the data better than the 1-group-model. Hence, the sample
consisted indeed of a mix of groups with different interest profiles which requires the application of the
mixed Rasch model for analysis.

Table 12. Delta-BIC values of the four calculated models to describe the students’ interest in mechanics.
Data collected with the instrument to measure mechanics interest comprising the (1) original IPN in-
troductory text and (2) newly developed introductory text.

Number of groups 1 2
(1) original IPN text 353 | 82 0 9
(2) newly developed text | 249 | 31 0 | 8

The 3-groups-model described both datasets (1) and (2) the best. Consequently, | categorised
the students into three different groups of interest in mechanics for both datasets (1) and (2). For da-
taset (1), group 1w consisted of 45%, group 2m of 33.5%, and group 3m of 21.5% of the sample.?’ For
dataset (2), group 1m consisted of 43%, group 2m of 41%, and group 3m of 16% of the sample. Figure 7
shows the answer profiles, that is, how interesting the different items are relative to each other, of all
three groups 1wm, 2m, and 3u. In the answer profile figures, the items are shown on the x-axis and the
items’ threshold measures are shown on the y-axis. For each item four measures are given, each of
which marks the threshold between one rating scale category to another. For example, threshold 1 is
between the categories ‘very low’ and ‘low’. Since there are five rating scale categories, there are four
thresholds, and hence four threshold measures for each item. One can think of the thresholds as ob-
stacles: The more interesting an item overall is, the lower are all the obstacles for the students. The line
between the data points does not have a meaning but helps to observe some patterns.

For both datasets (1) and (2), one can see that the threshold measures of each item for group
1m are more spread out and further away from each other than the threshold measures of each item
for group 2wm. In addition, in group 1m the distance from the first to the second threshold is bigger than
the other threshold distances for both datasets (1) and (2). This is also the case for group 2w in dataset
(2). One can also see that apart from this difference in in-between-thresholds-distances the interest
profiles, that is, how interesting the different items are relative to each other, are similar for both
groups 1m and 2y for both datasets (1) and (2). For example, item MO7 (artificial organs and joints in
medicine) has the lowest threshold measures, whereas items MO5 (calculating the energy of motion
based on the speed of a car) and M10 (calculating the braking path based on the speed of a car; set in
the context ‘quantitative science’) have very high threshold measures in both groups.

22 The index M stands for Mechanics.
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Figure 7. Interest profiles, that is, how interesting the different items are relative to each other, of the
three groups 1w, 2m, and 3y for datasets (1) and (2).

Note: On the x-axis, the items are shown, and on the y-axis, the threshold measures are shown in logit
units, each marking the threshold between one rating scale category to another. For example, thresh-
old 1 is between the categories ‘very low” and low’. The line between the data points does not have a
meaning but helps to observe some patterns.
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Figure 8. Category probabilities, that is, the probabilities to choose the different categories of the rating
scale, of the groups 1u, 2m, and 3w for datasets (1) and (2).

Note: Dataset (1) was collected using the original IPN introductory text (N = 596) and dataset (2) using
the newly developed introductory text (N = 591). The students expressed their degree of interest in
each item on a 5-category rating scale (‘My interest in this is ... very high (=4), high (=3), medium (=2),
low (=1), or very low (=0))



86 | 6.3. Results and discussion

Finally, one can see that the interest profile of group 3wm differs from the other groups for da-
taset (1) but is similar to the other groups for dataset (2). For dataset (1), in group 3m the thresholds
are not ordered and close together; the items are all similarly interesting relative to each other. For
dataset (2), in group 3m the thresholds are not ordered either; the relative interestingness of the differ-
ent items is similar to groups 1m and 2m but the differences in interestingness are way less pronounced.

To study this difference between the different groups for both datasets (1) and (2), | analysed
the students’ use of the answer categories of the rating scale. Figure 8 shows the category probabilities,
that is, the probabilities to choose the different categories of the rating scale, of the groups 1m, 2m, and
3w for both datasets (1) and (2). For both datasets (1) and (2), one can see that the groups differ from
each other in their use of the rating scale categories. Group 1m tended to use the non-extreme catego-
ries, especially the middle category, across the 11 items. For dataset (1), group 2m tended to use all the
rating scale categories, especially also the extreme categories depending on the item, whereas group
3utended to use all the rating scale categories rather equally across the 11 items. For dataset (2), group
2w also tended to use the non-extreme categories but also the extreme categories depending on the
item, whereas group 3m tended to use the extreme categories across the 11 items. Comparing the
group sizes and category probability distributions for both datasets (1) and (2), one can see that group
1wm is similarly sized and has a similar category probability distribution for both datasets (1) and (2). In
contrast, for dataset (1) there were a lot of non-extreme responses in group 3m, and hence the group
size is bigger than group 3w for dataset (2) where there were mostly negative extreme responses. This
also resulted in the differences in group sizes and category probability distributions of group 2m be-
tween the datasets (1) and (2).

The observations based on the answer profiles and category probability distributions were fur-
ther supported when analysing the items based on their item measures, that is, their interestingness.
Table 13 lists the item hierarchies within the different groups for both datasets (1) and (2). The colour
scale supported findings based on the answer profiles. First, one can see that for both datasets (1) and
(2), the same items were more (or less) interesting relative to each other within the groups. However,
for some groups the differences in interestingness were more pronounced than in other groups as can
be seen using the colour scale. Moreover, the group 3w in dataset (1) is an exception because all items
were similarly interesting for the students, and hence there was not a distinct item hierarchy. Remem-
bering that for dataset (1), group 3w tended to use all the rating scale categories rather equally across
the 11 items, the absence of a distinct hierarchy makes sense.

In Rasch analysis, the person measures are scaled with respect to the item measures whose
mean is set to 0 by default. The three groups had different mean person measures, that is, degrees of
interest as listed in Table 14. For both datasets, group 1m had the highest mean interest; for dataset
(1), group 3m had a higher mean than group 2v; and for dataset (2), group 2m had a higher mean than
group 3wm. This finding is not surprising, remembering the category probability distributions, especially
that for group 3m of dataset (2) there were mostly negative extreme responses.
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Table 13. Item IDs, corresponding Rasch item measures (reflecting their interestingness), and SEs for
the different groups and for both datasets (1) and (2).

Iltem| Group 1u | SE [Group 2m | SE [ Group 3m | SE | Group 1m | SE | Group 2m | SE | Group 3wm| SE
M10| 0.67 |0.09f 0.86 |[0.08] -0.08 |0.08 0.28 |[0.08| 0.98 0.08 0.31 [0.10
MO5( 0.64 |[0.09f 1.00 [0.08 -0.16 |0.09] 0.45 |0.09] 1.02 0.08 0.16 |0.10
MO6( 0.54 |[0.09] 0.68 [0.08] 0.18 |0.08] 0.49 |0.09] 0.54 0.07 0.30 |0.10
MO1( 0.49 |[0.09] 0.07 1|0.07, 0.02 |0.08 0.30 |0.08/ 0.14 |0.07| 0.14 |0.10
M04( 0.47 |[0.09] 055 |[0.08 -0.16 |0.09] 0.17 |0.08 0.52 0.07 0.13 |0.10
MO2| 0.28 |0.09] -0.26 |0.07| 0.14 |[0.08 0.38 |0.08 -0.18 |0.07| -0.16 |0.10
M08 0.13 |0.09] -0.42 |0.07] 0.48 |0.08] 0.01 |0.08f -0.59 |0.07| 0.43 |0.10
M11f -0.10 |[0.09] 0.09 |0.07| -0.03 |0.08 0.13 |0.08 0.37 0.07| -0.07 |0.10
M03| -0.75 |0.09] -0.55 |0.07| -0.36 |[0.09] -0.54 |0.08] -0.52 |-0.07] -0.39 |0.10
M09 -0.88 |[0.09| -0.60 |[0.07| -0.13 |[0.08] -0.69 [0.08] -0.75 |[0.07| -0.29 |0.10

MO7 0.09) 009] 010 |o.08] 0.99 Jo.oo[ =52 Ho.09| -058 o.11

Note: The Rasch item measures are listed in logit units. Lower and higher item measures represent

more and less interesting items, respectively. Model SE refers to the standard error of the item measure
in logit units. The mean item measure of each group is set to zero in mixed Rasch analysis. The items
are ordered according to their measures in group 1m of dataset (1). The colour scale represents the
interestingness across all groups and both datasets; dark blue is the most interesting item and dark red
is the least interesting item.

Table 14. Person measure means and standard deviations, minimum and maximum values for all
groups 1w, 2m, and 3y for both datasets (1; N =596) and (2; N = 591)

Person Measures

Group Im 2m 3m
(1) original IPN | Mean (Standard Deviation) | 0.78 (0.99) | -0.17 (0.61) | 0.18 (0.99)
text Min — Max -2.55-3.46|-2.37-1.26 | -3.39-3.64
(2) newly de- | Mean (Standard Deviation) | 0.84 (0.74) | 0.08 (0.65) | -0.11(1.03)
veloped text Min — Max -2.06-2.74|-1.59-2.09 | -2.61-3.52

Note: The Rasch person measure means and standard deviations are listed in logit units. Lower and
higher person measures represent less and more interested persons, respectively. The person
measures are estimated based on the item measures in Rasch analysis.

In sum, the analysis of the answer profiles, category probability distributions, and mean person
measures indicated that overall, for most of the students in both datasets the same items were more
(or less) interesting relative to each other. However, there was some evidence that there is a group of
students in dataset (1) who rated all the items similarly interesting. Since this group would still be dis-
tinguishable when analysing both datasets combined, | argue that for further analyses such a combina-
tion may be possible. | checked this by conducting a combined analysis and by comparing the results of
the separate analyses and the combined analysis.
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First, | combined both datasets (1) and (2). Then, | conducted the mixed Rasch analysis for four
different models, from a model with only one group® of students, that is, the sample is not divided into
groups of students with different interest profiles, to a model with four groups of students with differ-
ent interest profiles. The delta-BIC values of the four calculated models with respect to the model with
the lowest BIC value are listed in Table 15. The BIC value of the 4-groups-model was the smallest. The
delta-BIC values indicated very strong evidence against the 1-group-model and the 2-groups-model and
strong evidence against the 3-groups-model.

Table 15. Delta BIC-values of the four calculated models to describe the students’ interest in mechanics

Delta-BIC

Number of groups | 1 2 3 4
Delta-BIC 812 | 277 | 66 0

Qualitative analysis of the groups described by the different models showed that a distinction
into four different groups is sufficient to describe the students’ interest in mechanics. The distinction
into more groups did not improve the description of students’ interest because then the groups’ sizes
would be very small and/or several groups would have very similar interest profiles. Consequently, |
categorised the students of this sample into four different groups of interest in mechanics. Group 1m
consisted of 37% of the sample, group 2m of 31%, group 3w of 18%, and group 4m of 14%. Figure 9
shows the interest profiles, that is, how interesting the different items are relative to each other, of all
four groups 1wm, 2m, 3m, and 4.

One can see that the threshold measures of each item for group 1m are more spread out and
further away from each other than the threshold measures of each item for group 2m, which in turn are
further away from each other than the threshold measures of each item for group 3m. In groups 1m and
2w the distance from the first to the second threshold is bigger than the other threshold distances. In
group 3m the thresholds are not ordered, which may be a result of low response frequencies in one or
more rating scale categories (as discussed below). One can also see that apart from this difference in
in-between-thresholds-distances the interest profiles, that is, how interesting the different items were
relative to each other, are similar for all three groups 1w, 2m, and 3wm. For example, item MO7 (artificial
organs and joints in medicine) has the lowest threshold measures, whereas items MO5 (calculating the
energy of motion based on the speed of a car) and M10 (calculating the braking path based on the
speed of a car; set in the context ‘quantitative science’) have relatively high threshold measures in all
three groups. Finally, one can see that group 4w differs in its interest profile from the other groups. The
thresholds are close together. The items were all similarly interesting relative to each other, although
item MO7 (artificial organs and joints in medicine) was the least interesting relative to the others.

2 The term ‘group’ does not refer to a ‘type’ (as mentioned in RQ5 and RQ8). A group may indeed form a type
or several groups combined may together form a type.
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Figure 9. Interest profiles, that is, how interesting the different items are relative to each other, of all
groups 1m, 2m, 3m, and 4m.

Note: On the x-axis, the items are shown, and on the y-axis, the threshold measures are shown in logit
units, each marking the threshold between one rating scale category to another. For example, thresh-
old 1 is between the categories ‘very low” and ‘low’. The line between the data points does not have a
meaning but helps to observe some patterns.
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Figure 10. Category probabilities, that is, the probabilities to choose the different categories of the
rating scale, of all groups 1m, 2m, 3m, and 4.

Note: The students expressed their degree of interest in each item on a 5-category rating scale (‘My
interest in this is ..." very high (=4), high (=3), medium (=2), low (=1), or very low (=0))
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To study the difference between the groups 1wm, 2m, 3m, and 4w | analysed how the students
used the different answer categories of the rating scale. Figure 10 shows the category probabilities,
that is, the probabilities to choose the different categories of the rating scale, of all groups. One can
see that the groups differ from each other in their use of the rating scale categories. Group 1m tended
to use the non-extreme categories, especially the middle category and not the negative extreme cate-
gories, across the 11 items. Group 2um also tended to use the non-extreme rating scale categories, but
also the negative and positive extreme categories depending on the item. Group 3m tended to use the
negative and positive extreme rating scale categories depending on the item. Group 4m tended to use
all the rating scale categories rather equally across the 11 items.

The observations based on the answer profiles and category probability distributions were con-
firmed when analysing the items based on their item measures, that is, their interestingness. Table 16
lists the items and their item measures for all groups 1m, 2m, 3m, and 4m. The lower the item measure
of an item is, the more interesting was the item rated by the students. One can see that the hierarchy
of items based on their interestingness is very similar for the groups 1w, 2wm, and 3u. Lower and higher
item measures represent more and less interesting items, respectively.

Table 16. Item IDs, corresponding Rasch item measures (reflecting their interestingness), and standard
errors (SE) for all groups 1m, 2m, 3m, and 4.

Group 1m ‘ SE ‘ Group2m SE ‘ Group3m SE Group4m SE
MO5 0.68 0.07 0.07 0.43 0.07 -0.20 0.08
M10 0.60 0.07 1.11 0.07 0.43 0.07 -0.14 0.08
MO06 0.60 0.07 0.61 0.06 0.56 0.07 0.11 0.08
M01 0.49 0.07 0.05 0.06 0.34 0.07 -0.13 0.08
MO02 0.45 0.07 -0.38 0.06 0.11 0.07 0.03 0.08
M04 0.38 0.07 0.64 0.06 0.26 0.07 -0.18 0.08
M08 0.15 0.07 -0.97 0.06 0.62 0.09 0.22 0.08
M11 -0.06 0.07 0.53 0.06 -0.35 0.07 0.21 0.08
MO03 -0.75 0.07 -0.47 0.06 -0.67 0.07 -0.26 0.08
M09 -0.87 0.07 -0.77 0.06 -0.45 0.07 -0.17 0.08
MO7 1007 | 007 | <127 |009| 052 |008
Note: The Rasch item measures and standard errors are listed in logit units. Lower and higher item

measures represent more and less interesting items, respectively. The mean item measure of each
group is set to zero in mixed Rasch analysis. The items are ordered according to their measures in group
1m. The colour scale represents the interestingness across all groups and both datasets; dark blue is the
most interesting item and dark red is the least interesting item. More detailed item tables and Wright
Maps for each group are presented in the Appendix 10.2.7. and 10.2.8. of this thesis.

To compare this combined analysis with the separate analysis of the datasets (1) and (2), | in-
vestigated to what extent the students have the same most probable group assignment in both anal-
yses. Table 17 lists the most probable group assignment in the combined analysis per most probable
group assignment in the separate analyses.
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Table 17. Most probable group assignments for all groups 1w, 2m, 3m, and 4y of the combined analysis
and the groups 1w, 2m, and 3w for datasets (1) and (2).

Combined analysis

Count (row %, column %)
Group 1M 2M 3M 4M
L 238 (84.7%, 25 (8.9%, 11 (3.9%, 7 (2.5%,
49.8%) 7,1%) 5.5%) 4.5%)
(1) original , 1(0.5%, 135 (71.4%, | 52(27.5%, 1(0.5%,
IPN text M 0.2%) 38.5%) 25.9%) 0.6%)
], 1(0.8%, ] 43 (34.1%, | 82 (65.1%,
0.2%) 21.4%) 52.2%)
L 218 (82.0%, 5 (1.9%, 6 (2.3%, 37 (13.9%,
| 45,6%) 1.4%) 3.0%) 23.6%)
cﬁ\)/;i\ge\:j o 17 (7.2%, 183 (77.2%, | 25 (10.5%, 12 (5.1%,
ot 3.6%) 52,1%) 12.4%) 7.6%)
N 3 (3.4%, 3 (3.4%, 64 (72.7%, 18 (20.5%,
0.6%) 0.9%) 31.8%) 11.5%)

Table 17 shows that for the students with a most probable group assignment to groups 1m and
2m the assignment was the same in the combined and the separate analyses. Yet, for the students with
a most probable group assignment to group 3w in the separate analyses, their assignment in the com-
bined analysis differs for the datasets (1) and (2). Whereas most students from group 3w (dataset 1)
were assigned to group 4w (combined datasets), most students from group 3wm (dataset 2) were as-
signed to group 3m (combined datasets). Since the group 3wm (dataset 1) differed in the item hierarchy
from the other groups, it is not surprising that their most probable group assignment was group 4w
(combined datasets) which also differed in the item hierarchy from the other groups. Accordingly,
group 4m (combined datasets) mostly comprises students that were assigned to group 3w in the sepa-
rate analysis of dataset (1). In sum, both datasets (1) and (2) were best described by a 3-group model
each. When combining these two datasets, the data was best described by a 4-group model because
the overlap between the respective subgroups was not perfect.

So far, | compared the students’ most probable group assignment obtained from the separate
analyses (a) and the combined analysis (b) of the datasets. This means that my focus was on the quali-
tative aspect of the students’ interest in mechanics. Next, | compared their quantitative degree of in-
terest obtained from the two analyses.

Figure 11 shows the boxplots with jitter of the students’ Rasch person measures reflecting their
degrees of interest in mechanics comparing both versions of the questionnaire obtained from the sep-
arate analyses (a) and the combined analysis (b) of the datasets. One can see that both distributions
are very similar. Yet, for the dataset (2), collected using the new introductory text, the range of person
measures is wider and the distribution is more spread in the combined analysis than in the separate
analysis.
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(a) Mechanics interest - separate analyses (b) Mechanics interest - combined analysis
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Figure 11. Boxplots with jitter of the students’ Rasch person measures in logit units reflecting their
degrees of interest in mechanics comparing both versions of the questionnaire obtained from separate
analyses (a) and the combined analysis (b) of the datasets.

In addition, | performed an independent-samples t-test to check whether there is a significant
difference in mean person measures reflecting the students’ degrees of mechanics interest obtained
from the separate analyses of both datasets between the students who were presented with the orig-
inal IPN introductory text and the students presented with the newly developed introductory text. The
Levene’s test was not significant; that is, equal variances for both groups are assumed. | found that
there was no statistically significant difference in mean mechanics interest (separate analyses) between
the students who were presented with the IPN introductory text (0.35 + 0.98 logits) compared to those
presented with the new introductory text (0.40 + 0.91 logits), t(1185)=-0.772, p=0.440.

| conducted the same t-test for the data obtained from the combined analysis of both datasets.
The Levene’s test was not significant, and hence equal variances are assumed. There was no statistically
significant difference in mean mechanics interest (combined analysis) between the students who were
presented with the IPN introductory text (0.35 + 1.00 logits) compared to those presented with the
new introductory text (0.41 + 1.07 logits), t(1185)=1.01, p=0.311.

Discussion

The results presented in this section provide evidence that a combined analysis of both datasets
(1) and (2) is possible. First, the t-tests provided evidence that there was no significant difference in
mean interest between the students who were presented with the original IPN introductory text (1)
and those who were presented with the newly developed introductory text (2) regardless of the analysis
method (separate analyses vs. combined analysis). However, when calculating the mixed Rasch model
separately for both datasets, the group 3m for dataset (1) had a slightly differing item hierarchy com-
pared to the other groups in both datasets. This group seems to be rather similarly interested in all
items compared to the other groups in both datasets which all have a similar item hierarchy. Especially
different is the relatively high interest in the items MO5 (calculating the energy of motion based on the
speed of a car) and M10 (calculating the braking path based on the speed of a car; both presenting
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science in the context ‘car accidents’) of the group 3wm for dataset (1). However, this can be explained
by the specific rating scale use uncovered by the mixed Rasch models. For dataset (1) there were a lot
of non-extreme responses in group 3w, and hence the group size was bigger than group 3y for dataset
(2) where there were mostly negative extreme responses. Another possible additional explanation is
that the students who were presented with the newly developed introductory text are aware of a
broader range of possible contexts in which the mechanics contents may be set. Hence, they might
have been more sensitive to the contexts presented in the items. In contrast, the group 3w for dataset
(1) may not have been aware that there is a broad range of possible contexts for mechanics, and hence
these students showed a different item hierarchy. Another possible explanation is that because the
original IPN text rather focuses on contexts related to traffic and accidents, the students would like to
learn more about this, which resulted in the unexpected relatively higher interest in the items MO05
(calculating the energy of motion based on the speed of a car) and M10 (calculating the braking path
based on the speed of a car). Second, using a mixed Rasch approach the group 3wm (dataset 1) with a
differing item hierarchy was still distinguishable in the combined analysis. In particular, most students
assigned to the group 3w (dataset 1) were assigned to the group 4w in the combined analysis (see Table
17). The best fitting mixed Rasch rating scale model when conducting an analysis of the combined da-
taset identified four distinct mechanics interest groups.

In sum, three factors were relevant to investigate to what extent the introductory text on me-
chanics affects the students’ expressed interest. First, the analysis method based on different mixed
Rasch rating scale models might have resulted in slightly different groups. Here, one reason is that the
models for both datasets were based on roughly half the data in comparison to calculating models for
the full data. One indication for the analysis method as influential factor was that the group 3w is bigger
for dataset (1) than (2). Second, the new introductory text (dataset 2) presented a broader variety of
contexts, and hence the students might have been more ‘sensitive’ to the contexts mentioned in the
items. Third, the original IPN introductory text (dataset 1) mostly focused on the contexts traffic and
accidents, and hence the students’ interest in contents set in these contexts (items MO5: calculating
the energy of motion based on the speed of a car; M10: calculating the braking path based on the speed
of a car) might have been triggered.

Overall, my study provided evidence that there was no quantitative difference in the students’
interest as indicated by the t-test. That is, | found that the mean interest in mechanics is independent
from the used version of the introductory text. Hence, | rejected the hypothesis that the students’ ex-
pressed interest in mechanics changes, when using a different version of the introductory text in com-
bination with the same items. However, my study provided some evidence that there are qualitative
differences in interest, that is, certain items seem to have been relatively more interesting for some
students in dataset (1). These slight qualitative differences in the item hierarchy could be explained by
the different foci of the different versions of the introductory text, but also by the analysis method. If
there really was a group of students with a differing item hierarchy, this group would also be distin-
guishable in the mixed Rasch rating scale model, when combining the datasets for analysis. Hence, |
decided to combine both datasets for further analyses.
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6.3.2. Students’ types of interest in mechanics and particle physics

The results concerning my research question about the students’ categorisation into different
types of interest are presented and discussed in this section. RQ5 asked ‘Into which different types of
interest in physics can German-speaking students aged 14 to 16 years be categorised, while comparing
a classical and a modern physics content area (namely mechanics and particle physics)?’. The hypothesis
for this research question was that the interest types (A, C, NG) found in the IPN study are still valid for
today’s students and for both content areas, mechanics and particle physics (Langeheine et al., 2001;
Rost et al.,1999; Sievers, 1999). The first type (A) describes students that are generally and highly inter-
ested in physics; the second type (C) describes students that are only interests in physics when set in a
context that relates to humans and nature, applications, and relevance for society; and the third type
(NG) is similar to type A or type C depending on the content area. To answer this research question and
describe interest types, | compared the item hierarchies of the different groups obtained from a mixed
Rasch analysis for both content areas. Below | will present the results and discussion regarding the types
of interest in mechanics and particle physics, as well as a comparison.

6.3.2.i. Mechanics

First, | investigated students’ types of interest in mechanics. To investigate the students’ types
of interest in mechanics | combined both datasets (1) with the original introductory text and (2) with
the newly developed introductory text.

Results

The results of the mixed Rasch analysis of the combined mechanics dataset were presented in
the previous section (Section 6.3.1). The best fitting mixed Rasch rating scale model when conducting
an analysis of the combined dataset identified four distinct mechanics interest groups*.

When conducting (mixed) Rasch analyses, an evaluation of the obtained item and person
measures is crucial as it provides further evidence for the quality of the chosen model. First, | evaluated
the Rasch item measures. When checking for item fit, | found that all items fit well in all mechanics
groups obtained in the combined analysis, that is, in group 1m (ZQ values ranging from -1.01 to 1.43),
in group 2m (ZQ values ranging from -1.34 to 1.63), in group 3m (ZQ values ranging from -1.26 to 1.78),
and in group 4w (ZQ values ranging from -0.88 to 1.30). Based on the item fit statistics, | argue that the
data supports one trait, interest in mechanics, for all four groups, that is, that the IPN instrument to
measure interest in mechanics is unidimensional. Second, | evaluated the Rasch person measures for
the students’ interest in mechanics. | investigated the Rasch person fit and excluded those students
from further analysis, whose newfit 1 and/or 2 value was << —3 or > 3 or for who no newfit values
were calculated. Hence, | excluded 28 students from further analysis, which will in combination with
exclusion because of the person fit evaluation regarding interest in particle physics and physics-related
self-concept result in the reduced sample Nreg (Nres = 1001, see Section 6.3.6.).

24 The term ‘group’ does not refer to an ‘interest type’ (as mentioned in RQ5). A group may indeed form a type
or several groups combined may together form a type.
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Table 18. Person measure means and standard deviations, minimum and maximum values of the stu-
dents’ interest in mechanics, previous experience with mechanics, and physics-related self-concept,
and count per self-concept group and sex for all groups 1w, 2m, 3m, and 4m (combined analysis).

Mechanics interest groups

Group lM 2M 3M 4M
Interest in Mean (Stand-
. o 0.91(0.97) 0.07 (0.68) -0.04 (0.73) | 0.31(0.75)
mechanics ard Deviation)
Rasch person ]
Min — Max -1.87-3.71 | -207-2.23 | -2.15-1.89 | -1.26-3.06
measures
Previous experience Mean (Stand-
_ _ o -0.25(0.84) | -0.41(0.70) | -0.21(1.08) | -0.13 (1.01)
with mechanics ard Deviation)
Rasch person ,
Min — Max -3.57-3.29 | -357-1.28 | -3.57-4.52 | -2.73-4.52
measures
Physics-related Mean (Stand-
o -0.48 (1.94) | -0.90(1.99) | -1.06(2.24) | 0.06(2.31)
self-concept ard Deviation)
Rasch person ,
Min — Max -6.16-4.41 | -6.16-5.10 | -6.16-4.41 | -6.16 -4.41
measures
1 202 (40.2%, | 167 (33.2%, 76 (15.1%, 58 (11.5%,
> 47.8%) 53.9%) 53.5%) 46.0%)
Self-concept 5 Count (row %, 169 (43.3%, | 106 (27.2%, | 53(13.6%, 62 (15.9%,
groups > column %) 40.0%) 34.2%) 37.3%) 49.2%)
3 52 (48.1%, 37 (34.3%, 13 (12.0%, 6 (5.6%,
* 12.3%) 11.9%) 9.2%) 4.8%)
Fe- 232 (43.0%, | 182(33.7%, | 89(16.5%, | 37 (6.9%,
- male Count (row %, 54.8%) 58.7%) 62.7%) 29.4%)
ex
Ve column %) 191 (41.4%, | 128(27.8%, | 53(11.5%, | 89 (19.3%,
ale
45.2%) 41.3%) 37.3%) 70.6%)

Note: The descriptive statistics presented in this table were calculated using the reduced sample size
following the exclusion of persons based on person misfit regarding mechanics interest, particle physics
interest, and physics-related self-concept (Nyes = 1001, see Section 6.3.6.). The Rasch person measures
are listed in logit units. Lower and higher person measures represent persons with less and more inter-
est/experience/self-concept, respectively. The person measures are estimated based on the item
measures in Rasch analysis. The analysis of the data regarding students’ physics-related self-concept
and their previous experience with mechanics in school is presented in Section 6.3.5. and 6.3.7., re-
spectively.

To learn more about the students’ different groups, | calculated corresponding descriptive sta-
tistics for the reduced sample size N,.q. Table 18 lists the descriptive statistics for the mechanics interest
groups (1m, 2m, 3m, and 4m). The mean interest in mechanics was the highest for group 1w students,
followed by group 4m students and group 2m students, which in turn had higher mean interest in me-
chanics than group 3w students. This can also be seen in Figure 12 (a) which shows the boxplots of the
students’ Rasch person measures indicating their degrees of interest in mechanics for all mechanics
interest groups. The mean experience with mechanics in school was rather similar for all groups. How-
ever, the mean physics-related self-concept was the highest for group 4u students followed by group
1m students and group 2w students, which in turn had higher mean self-concept than group 3m students.
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This can also be seen in Figure 12 (b) which shows the students’ Rasch person measures indicating their
degrees of physics-related self-concept for all mechanics interest groups. The groups 1m, 2m, and 3um
consisted of slightly more female students than male students, whereas it was the opposite for group
4.

(a) Mechanics interest (b) Physics-related self-concept
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Figure 12. Boxplot with jitter of the students’ Rasch person measures in logit units for all mechanics
interest groups indicating their (a) degrees of interest in mechanics and (b) physics-related self-concept.
The figure is based on the reduced sample size following the exclusion of persons based on person
misfit regarding mechanics interest, particle physics interest, and physics-related self-concept (Nyeq =
1001, see Section 6.3.6.).

To describe the students’ types of interest in mechanics, | compared the item hierarchies of
these four groups (Table 16). | found that the groups 1w, 2m, and 3w, that is, 86% of the students, have
very similar item hierarchies. For the students assigned? to these groups certain items were relatively
more interesting than other items. For example, the item MO7 (artificial organs and joints in medicine)
was very interesting for these students. However, there were some small differences in the item hier-
archies. For the students assigned to the group 2y, the items M11 (accident statistics and speed limits)
and M04 (transformation of energy of motion into other forms of energy) were less interesting com-
pared to group 1y and 3y students. In contrast to the groups 1m, 2m, and 3w, for group 4m students, all
items were similarly interesting. There was no clear item hierarchy, except for the item MQ7 (artificial
organs and joints in medicine) and M11 (accident statistics and speed limits), which were the least
interesting items for these students. | will discuss the similarities and differences regarding the item
hierarchies of the different groups below.

Overall, | found that the students assigned to the groups 1w, 2m, and 3y, that is, 86% of the
students, can be described with one single type of interest in mechanics M; because of their equivalent
item hierarches. The students with most probable group assignment to group 4w, that is, 14% of the
students, differ in their item hierarchy, and thus form a second type of interest in mechanics M.

2 The students are assigned to the group, for which they have the most probable assignment; that is, the as-
signment is based on the highest probability. In the following, when writing ‘assigned to’ or ‘categorised into’
the most probable group assignment is meant.
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To learn more about the students’ different types of interest in mechanics, | calculated cor-
responding descriptive statistics for the reduced sample size N..q.. Table 19 lists the descriptive statistics
for the mechanics interest types (M1 comprising groups 1u, 2m, and 3m; M2 comprising group 4wm). The
mean interest in mechanics was higher for type M; students than for type M, students. This can also
be seen in Figure 13 (b) which shows the boxplots of the students’ Rasch person measures indicating
their degrees of interest in mechanics for all mechanics interest types. The mean experience with me-
chanics in school was lower for type M students than for type M; students. The mean physics-related
self-concept was lower for type M students than for type M, students. This can also be seen in Figure
13 (b) which shows the students’ Rasch person measures indicating their degrees of physics-related
self-concept for all mechanics interest types. Type M, consisted of 71% male and 29% female students,
and 7% of all female and 19% of all male students belonged to type Ma. In sum, type M, (comprising
group 4wv) students were relatively more male students or students with relatively higher physics-re-
lated self-concept compared to type Mi (comprising groups 1m, 2m, and 3u) students.

Table 19. Person measure means and standard deviations, minimum and maximum values of the stu-
dents’ interest in mechanics, previous experience with mechanics, and physics-related self-concept,
and count per self-concept type and sex for both types M; and M, (combined analysis)

Mechanics interest types

Type M1 M

Group 1m, 2, and 3m 4y
Interest in mechanics Mean (Standard Deviation) 0.46 (0.95) 0.31(0.75)
Rasch person measures Min — Max -2.15-3.71 -1.26-3.06
Previous experience Mean (Standard Deviation) -0.30 (0.84) -0.13 (1.01)

with mechanics ,

R D e Min — Max -3.57-4.52 -2.73-4.52
Physics-related self-concept | Mean (Standard Deviation) -0.72 (2.02) 0.06 (2.31)
Rasch person measures Min — Max -6.16 -5.10 -6.16-4.41

Count (row %, column %)

547 (89.5%, 62.5%

64 (10.5%, 50.8%)

62 (15.9%, 49.2%)

Self tt =
elf-conce es
REER SC,
Female
Sex
Male

Count (row %, column %)

)
328 (84.1%, 37.5%)
503 (93.1%, 57.5%)

37 (6.9%, 29.4%)

372 (80.7%, 42.5%)

89 (19.3%, 70.6%)

Note: The descriptive statistics presented in this table were calculated using the reduced sample size
following the exclusion of persons based on person misfit regarding mechanics interest, particle physics
interest, and physics-related self-concept (Nres = 1001, see Section 6.3.6.). The Rasch person measures
are listed in logit units. Lower and higher person measures represent persons with less and more inter-
est/experience/self-concept, respectively. The person measures are estimated based on the item
measures in Rasch analysis. The analysis of the data regarding students’ physics-related self-concept
and their previous experience with mechanics in school is presented in Section 6.3.5. and 6.3.7., re-
spectively.
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Figure 13. Boxplot with jitter of the students’ Rasch person measures in logit units for both mechanics
interest types indicating their (a) degrees of interest in mechanics and (b) their degrees of physics-
related self-concept. The figure is based on the reduced sample size following the exclusion of persons
based on person misfit regarding mechanics interest, particle physics interest, and physics-related self-
concept (Nrq¢ = 1001, see Section 6.3.6.).

Discussion

| found that the groups 1m, 2m, and 3y have very similar item hierarchies and can be described
with one single type of interest in mechanics M. However, there were some small differences in their
item hierarchies. For the students assigned to the group 2y, the items M11 (accident statistics and
speed limits) and M04 (transformation of energy of motion into other forms of energy) were less inter-
esting compared to group 1mand 3w students. These items are set in the context ‘car accidents’. In
contrast, the items M09 (designing a safety car for severe accidents) and MO03 (increase of probability
and consequences of a car accident with speed), which are also both set in the context ‘car accidents’,
were some of the most interesting for group 2u students. This was also the case for the other groups
1m and 3m. | argue that the task ‘discussion’ of item M11 (accident statistics and speed limits) might
have been less interesting than other tasks for the students of group 2m. Moreover, the context ‘car
accidents’ is formulated rather unspectacularly in the items M11 (accident statistics and speed limits).
This contrasts with the other items set in the same context, that is, items MO3 (increase of probability
and consequences of a car accident with speed) and M09 (designing a safety car for severe accidents).
Hence, the item M11 (accident statistics and speed limits) might have been less interesting. In addition,
the context ‘car accidents’ is not mentioned directly in item MO04 (transformation of energy of motion
into other forms of energy) but can only be assumed indirectly, and hence this item might have been
less interesting. In addition, the item MO04 (transformation of energy of motion into other forms of
energy) presents the content ‘qualitative physics’, whereas item MO3 (increase of probability and con-
sequences of a car accident with speed) presents the content ‘quantitative physics’. Although both
items, MO3 (increase of probability and consequences of a car accident with speed) and M04 (transfor-
mation of energy of motion into other forms of energy), are set in the context ‘car accident’, the content
of item M04 might have been less interesting in this context than the content of item M03 because the
guantitative aspect of item M03 is a measure for the severity of the consequences of a car accident.
The item MO8 (constructing different pulleys and trying them out) was relatively more interesting for
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group 1m and 2y students. | argue that the students were comparatively more interested in the task
‘doing an experiment’ presented in item MO8 (constructing different pulleys and trying them out). Yet,
for the group 3w this is the least interesting item. Here, | argue that the students were either not inter-
ested in the task ‘doing an experiment’ or in the content ‘pulley’.

Apart from the described differences the item hierarchies were equivalent. When conducting
a mixed Rasch analysis, one may at first glance interpret all the different groups as different types of
students, as done, for example, in the initial publications of the IPN study (HauRler, 1987; HauRler et
al., 1996; HauRler, Hoffmann et al., 1998; HauRler, Lehrke et al., 1998). However, | argue that the stu-
dents were categorised into three groups in the mixed Rasch model despite their similar interest pro-
files because of their different response styles.

The category probability plots (Figure 10) show that group 1m tended to use the non-extreme
categories, especially the middle category and not the negative extreme category, across the 11 items.
Group 2w also tended to use the non-extreme rating scale categories, but also the negative and positive
extreme categories depending on the item. Group 3m tended to use the negative and positive extreme
rating scale categories depending on the item. These differences in the rating scale category use also
explain why the distances between the thresholds in the interest profiles (Figure 9) are different for
the groups 1m, 2m, and 3m. Non-extreme response style (NERS) is characterised ‘by widely spaced first
and fourth thresholds while the second and third thresholds are close together’, and extreme response
stye (ERS) by thresholds that ‘are nearby each other, sometimes even overlapping’ (Wetzel et al., 2013).
For group 1w, the first threshold is widely spaced while the others are close together, that is, the dis-
tance from the first to the second threshold is bigger than the other threshold distances, which resem-
bles a NERS. This is because the students used the extreme category ‘very high’ (=5) in addition to the
non-extreme categories and not the category ‘very low’ (=1). For group 2w, this pattern is similar, alt-
hough all thresholds are closer together because the students also used all the extreme categories in
addition to the non-extreme categories, which rather resembles the intended use of the rating scale
(i.e.a‘normal’ response style). For group 3w, all thresholds are very close together because the students
used all the rating scale categories, but especially the extreme categories, which resembles an ERS.
Moreover, the thresholds 1 and 2 are not ordered, that is, threshold 2 is lower than threshold 1. Non-
ordered threshold measures indicate that some categories of the rating scale are never the most prob-
able. Following Andrich (1978, 2005), some researchers argue that non-ordered threshold measures
indicate a violation of the intended category ordering. However, following Linacre (1991) and Masters
(1982), other researchers (e.g. Adams et al., 2012) show that non-ordered threshold measures result
from a low frequency of responses in one or more categories. Adams et al. (2012) show in their study
that there is ‘no necessary connection’ between the ordering of the threshold measures and the order-
ing of the categories. Hence, having groups with non-ordered threshold measures in a model indicates
that these groups differ in their response style, that is, their use of the rating scale. This differing cate-
gory use of group 3m can be observed from the category probability plots (Figure 10). The group 3m
uses the category ‘very low’ more probably than ‘low’, and hence the thresholds are not ordered.

In contrast to the groups 1w, 2m, and 3w, for group 4w students, all items were similarly inter-
esting. There was no clear item hierarchy, except for the item MO7 (artificial organs and joints in med-
icine) and M11 (accident statistics and speed limits), which were the least interesting items for these
students. For these students the context ‘car’ was the most interesting, not only when referring to
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accidents. Hence, | argue that the students with most probable group assignment to group 4w, 14% of
the sample, are considered to form a second type of interest in mechanics M,, comprising students
interested in physics relating to the motion of cars. However, this is a rather small fraction of the stu-
dents. Group 4um tended to use all the rating scale categories, especially the non-extreme categories,
rather equally across the 11 items, which resembles a ‘normal’ response style. However, for the items
MO7 (artificial organs and joints in medicine) and M08 (constructing different pulleys and trying them
out) rather the two negative categories were used. It is interesting that exactly these items on a medical
context and a hands-on experiment task were rated the least interesting for these students. Apart from
these students forming a second type of interest, it may also be that these students read the rating
scale wrong, that is, the category ‘very high’ becomes ‘very low’ and so on. However, in the in total 24
student think-aloud interview, in which the students had to rate their interest using this rating scale,
no such problems were observed. Hence, | considered it unlikely that 14% of the students interpret the
rating scale wrong in the online questionnaire. It might also have been a combination of both reasons,
first, a wrong interpretation of the rating scale, and second, a second type of interest in mechanics.

The analysis of the answer profiles and category probability distributions showed that overall
for most students (i.e. type M1 comprising the students assigned to the groups 1m, 2m, and 3u) the same
items were more or less interesting relative to each other, whereas only a small fraction of the students
(i.e. type M, comprising the students assigned to the group 4w) differed in their interest. Since the
students forming type M, were interested in items set in the context ‘car’, even when not referring to
‘accidents’, | referred to them as the ‘students interested in physics relating to the motion of cars’.
Further discussions on which contexts were more (or less) interesting relative to each other for the
types of interest in mechanics are presented in Section 6.3.3. which is on RQ6.

6.3.2.ii. Particle Physics

Second, | investigated students’ types of interest in particle physics. That is, | conducted the
same type of group analysis described in the previous sections but for the students’ interest in particle
physics (instead of their interest in mechanics).

Results

As for the students’ interest in mechanics, | calculated and compared four different models
with one to four groups®. The BIC value of the 3-groups-model was the smallest. The delta-BIC values
of the four calculated models with respect to the model with the lowest BIC value are listed in

Table 20. The delta-BIC values indicated very strong evidence against the 1-group-model and
the 2-groups-model and strong evidence against the 4-groups-model.

Table 20. Delta BIC-values of the four calculated models to describe students’ interest in particle phys-

ics
Delta-BIC

Number of groups | 1 2 3 4
Delta-BIC 905|230 | O 11

26 The term ‘group’ does not refer to an ‘interest type’ (as mentioned in RQ5). A group may indeed form a type
or several groups combined may together form a type.
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Qualitative analysis of the groups described by the different models also showed that a distinc-
tion into three different groups is sufficient to describe the students’ interest in particle physics. The
distinction into more groups did not improve the description of students’ interest because then the
groups’ sizes would be very small and several groups would have very similar interest profiles. Conse-
quently, | categorised the students into three different groups of interest in particle physics. Group 1pp
consisted of 46% of the sample, group 2er of 33%, and group 3ep of 21%.%/%8

Figure 14 shows the interest profiles of all the groups 1ep, 2pp, and 3pe. One can see that the
threshold measures of each item for group 1pr are more spread out and further away from each other
than the threshold measures of each item for group 2pp. In group 1pe the distance from the first to the
second threshold is bigger than the other threshold distances. In group 2um the thresholds are not or-
dered, which is a result of low response frequencies in one or more rating scale categories (as discussed
below). Apart from this difference in in-between-thresholds-distances, the interest profiles (i.e. how
interesting the different items are relative to each other) were similar for both groups 1ep and 2pp.

1pp 2pp
-threshold 1 @®-threshold 2 #—threshold 3 threshold 4 #—threshold 1 —&—threshold 2 +—threshold 3 threshold 4
Item Parameters in Class 1 with size 0.45831 Item Parameters in Class 2 with size 0.33163
3 3
2 * 2
* . .
1 - ps . 1 7'
2 . e o)
3 . . 3 =
£o0g - * - p . gg' -y ,,l & - L S
g . g S
£ = - W
Fa ¥ . . F1
n
2 -2
o u = -
¥ - " 3
>, "
1 2 3 4 5 6 7 8 9 10 1" 1 2 3 4 5 6 7 8 9 10 1
Item ltem
3pp
-threshold 1 —@—threshold 2 +—threshold 3 threshold 4
Item Parameters in Class 3 with size 0.21006
3
*
2 *
3 -— \ l
1 * > &
i} -
=]
20 .
H . .
5,1 r 3 . - - x
. —. .
° -
24 - ] .
L
] b -
3 L]
1 2 3 4 5 6 7 8 9 10 1"

Item

Figure 14. Interest profiles, that is, how interesting the different items are relative to each other, of the
three groups 1ep, 2pp and 3pp.

Note: On the x-axis, the items are shown, and on the y-axis, the threshold measures are shown in logit
units. For example, threshold 1 is between the categories ‘very low’ and Jow’. The line between the
data points does not have a meaning but helps to observe some patterns.

27 The index PP stands for Particle Physics.

28 The students are assigned to the group, for which they have the most probable assignment; that is, the as-
signment is based on the highest probability. In the following, when writing ‘assigned to’ or ‘categorised into’
the most probable group assignment is meant.



102 | 6.3. Results and discussion

Tep 2pp
= category 0 = category 1 = category 2 = category 3 category 4 = category 0 = category 1 = category 2 = category 3 o category 4
Category Probabilities in Class 1 with size 045831 Category Probabilities in Class 2 with size 0.33163
05 05

o
=

o

=

o
w
Probability
o
w

2
Y

Probability

o
X}

=]

0.1

=]
=

3pp

= category 0 ® calegory 1 = calegory 2 = category 3 category 4
Category Probabilities in Class 3 with size 0.21006

Probability
o o
w -

o
)

=)

o
=]

Item

Figure 15. Category probabilities, that is, the probabilities to choose the different categories of the
rating scale, of the three groups 1ep, 2pp and 3pp.

Note: The students expressed their degree of interest in each item on a 5-category rating scale (‘My
interest in thisis ..." very high (=4), high (=3), medium (=2), low (=1), or very low (=0))

For example, item PPO7 (medical diagnostics, set in the context ‘medicine’) has very low threshold
measures, whereas items PPO5 (masses of particles) and PP10 (calculating the energy of a particle col-
lision at the speed of light; set in the context ‘quantitative science’) have very high threshold measures.
Finally, one can see that the interest profile of group 3ep differs from the other groups. For example,
item PPO7 (medical diagnostics) has very high threshold measures. The thresholds 1, 2, and 3 are fur-
ther away from each other, whereas the thresholds 3 and 4 are very close together.

To study the difference between groups 1rp, 2pr and 3pp, | analysed how the students used the
different answer categories of the rating scale. Figure 15 shows the category probabilities. One can see
that the groups differed in their use of the rating scale categories. Group 1er tended to use the non-
extreme, middle categories of the rating scale across all items and additionally the extreme category
‘very high’. Group 2pe tended to use all the rating scale categories, especially also the extreme catego-
ries depending on the item. Group 3pp tended to use the categories ‘medium’, ‘high’, and ‘very high’.

When conducting (mixed) Rasch analyses, an evaluation of the obtained item and person
measures is crucial as it provides further evidence for the quality of the chosen model. When checking
for item fit for particle physics, all items fit well in in group 1 (ZQ values ranging from -1.27 to 1.18)
and group 3pp (ZQ values ranging from -0.82 to 1.47). In group 2pp, all items fit well (ZQ values ranging
from -1.91 to 0.61) except for the item PPO7 (medical diagnostics), of which the ZQ value is 3.57. | argue
that this is because item PPO7 (medical diagnostics) is set in a medical context unlike the other items,
and hence, might have appeared to be less related to the measured latent trait, that is, interest in
particle physics, or to relate to different aspects of it. Based on the item fit statistics, | argue that the
data supports one trait, interest in particle physics, in all three groups. Yet, interest in particle physics
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is a broad trait because particle physics may be set in many different contexts (cf. Linacre (2020) about
mathematics as a broad domain). Hence, based on the item fit statistics, the data supported one trait,
interest in particle physics, for all groups, that is, that the IPPI is unidimensional as already shown in my
first study (Chapter 5). Then, | evaluated the Rasch person measures for the students’ interest in parti-
cle physics. | excluded those students from further analysis, whose newfit 1 and/or 2 value was «< —3
or » 3 or for who no newfit values were calculated. In total, | excluded 39 students from further anal-
ysis because of misfit regarding their interest in particle physics, which will in combination with exclu-
sion because of the person fit evaluation regarding interest in particle physics and physics-related self-
concept result in the reduced sample Nreq (Nreg = 1001, see Section 6.3.6.).

To learn more about the students’ different groups, | calculated corresponding descriptive sta-
tistics for the reduced sample size N,.qs. Table 21 lists the descriptive statistics for the particle physics
interest groups (1ep, 2pe, and 3pp). The mean interest in particle physics was the highest for group 3,
students, followed by group 1pp students, which in turn had higher mean interest than group 2pp stu-
dents. This can also be seen in Figure 16 (a) which shows the boxplots of the students’ Rasch person
measures indicating their degrees of interest in particle physics for all particle physics interest groups.
The mean experience with particle physics in school was rather similar for all groups. However, the
mean physics-related self-concept was the highest for group 3 students followed by group 1pp stu-
dents and group 2pp students. This can also be seen in Figure 16 (b) which shows the students’ Rasch
person measures indicating their degrees of physics-related self-concept for all particle physics interest
groups. The groups 1pp and 2pp consisted of slightly more female students than male students, whereas
it is the opposite for group 3pe.

(b) Physics-related self-concept
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(a) Particle physics interest
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Figure 16. Boxplot with jitter of the students’ Rasch person measures in logit units for all particle physics
interest groups indicating their (a) degrees of interest in particle physics and (b) their physics related-
self-concept. The figure is based on the reduced sample size following the exclusion of persons based
on person misfit regarding mechanics interest, particle physics interest, and physics-related self-con-
cept (Nrg = 1001, see Section 6.3.6.).
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Table 21. Person measure means and standard deviations, minimum and maximum values of the stu-
dents’ interest in particle physics, previous experience with particle physics, and physics-related self-
concept, and count per self-concept groups and sex for all groups 1ee, 2pp, and 3pp

Particle physics interest groups

Group 1pp 2pp 3pp
) . ] Mean (Standard
Interest in particle physics o 0.58 (1.01) -0.21 (0.54) 1.37 (0.95)
Deviation)
Rasch person measures _
Min — Max -2.92-3.42 -2.30-1.04 -1.30-3.92
Previous experience with Mean (Standard
. ) o -0.65 (0.88) -0.77 (1.08) | -0.57 (1.16)
particle physics Deviation)
Rasch person measures Min — Max -3.38-2.27 | -3.38—-4.00 | -3.38—-4.00
. Mean (Standard
Physics-related self-concept o -0.71(1.86) | -1.17(2.15) 0.35(2.18)
Deviation)
Rasch person measures ,
Min — Max -6.16-5.10 | -6.16-4.41 -6.16-4.41
1 263 (52.3%, 166 (33.0%, 74 (14.7%,
> 51.3%) 57.8%) 36.8%)
Count (row %, 186 (47.7%, 98 (25.1%, 106 (27.2%,
Self-concept groups 2sc
column %) 36.3%) 34.1%) 52.7%)
3 64 (59.3%, 23 (21.3%, 21 (19.4%,
> 12.5%) 8.0%) 10.4%)
306 (56.7%, | 174 (32.2%, 60 (11.1%
Female ’
s Count (row %, 59.6%) 60.6%) 29.9%)
ex
el column %) 207 (44.9%, | 113 (24.5%, | 141 (30.6%
ale !
40.4% 39.4%) 70.1%)

Note: The descriptive statistics presented in this table were calculated using the reduced sample size
(Nreq = 1001, see Section 6.3.6.). The Rasch person measure means and standard deviations are listed
in logit units. Lower and higher person measures represent persons with less and more interest/expe-
rience/self-concept, respectively. The person measures are estimated based on the item measures in
Rasch analysis. The analysis of the students’ physics-related self-concept and their previous experience
with particle physics in school is presented in Section 6.3.5. and 6.3.7., respectively.

To describe the students’ types of interest in particle physics, | compared the item hierarchies
of the three groups, in which the items are sorted by their item measure, that is, by their interestingness
(Table 22). | found that the groups 1 and 2pp, had similar item hierarchies. This means that for both
groups the relative interestingness of the different items was the same. For example, for both groups
the most interesting items were PPO3 (particle detectors and smuggled arms), PP0O8 (transforming a
mobile phone into a particle detector), PPO7 (medical diagnostics), and PPO2 (particle physics and the
big bang). However, the item hierarchy of the group 3ep differed. For example, item PPO7 (medical di-
agnostics) was the least interesting in the group 3pp, whereas it was among the most interesting for the
other groups, and item PP10 (calculating the energy of a particle collision at the speed of light) was
among the most interesting in group 3ep, Whereas it was among the least interesting for the other
groups. | will discuss the similarities and differences regarding the item hierarchies of the different
groups below.
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Table 22. Item IDs, corresponding Rasch item measures (reflecting their interestingness), and standard

errors (SE) for all three groups 1pp, 2pp and 3pp.

il Group 1pp SE

Group 2pp

SE Group3pr SE

0.06 0.70 0.05 0.57 0.09
PPO4 0.62 0.06 0.28 0.05 -0.11 0.09
PPO6 0.53 0.06 0.39 0.05 0.19 0.09
PP10 0.49 0.06 0.37 0.05 -0.52 0.09
PP11 0.17 0.06 0.15 0.05 0.28 0.09
PPO1 0.08 0.06 -0.15 0.05 -0.02 0.09
PP0O9 -0.15 0.06 0.03 0.05 -0.28 0.09
PPO2 -0.24 0.06 -0.26 0.05 -0.81 0.09
PPO7 -0.85 0.06 -0.46 0.05 1.07 0.09
PPO8 0.06 -0.45 0.05 -0.41 0.09
PPO3 0.06 -0.61 0.05 0.04 0.09

Note: The Rasch item measures are listed in logit units. Lower and higher item measures represent

more and less interesting items, respectively. The mean item measure of each group is set to zero in

mixed Rasch analysis. The items are ordered according to their measures in group 1. The colour scale

represents the interestingness across all groups; dark blue is the most interesting item and dark red is

the least interesting item. More detailed item tables and Wright Maps for each group are presented in

the Appendix 10.2.7. and 10.2.8. of this thesis.
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Figure 17. Boxplot with jitter of the students’ Rasch person measures in logit units indicating their de-

grees of (a) interest in particle physics and (b) physics-related self-concept for both particle physics

interest types. The figure is based on the reduced sample size following the exclusion of persons based

on person misfit regarding mechanics interest, particle physics interest, and physics-related self-con-

cept (Nreg = 1001, see Section 6.3.6.).
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Since the item hierarchies were equivalent, | argue that the students of the groups 1pp and 2pp,
that is, 79% of the students, can be described with one single type of interest in particle physics (PP1).
The students with most probable group assignment to group 3ep, that is, 21% of the students, differ in
their item hierarchy and are considered to form a second type of interest in particle physics (PP,).

To learn more about the students’ different types of interest in particle physics, | calculated
corresponding descriptive statistics for the reduced sample size Nrq. Table 23 lists the descriptive sta-
tistics for the particle physics interest types (PP1 comprising groups 1ep and 2pp and PP, comprising group
3pp). The mean interest in particle physics was lower for type PP; students than for type PP, students.
This can also be seen in Figure 17 (a) which shows the boxplots of the students’ Rasch person measures
indicating their degrees of interest in particle physics for all particle physics interest types. The mean
experience with particle physics in school was similar for type PP; and PP, students. The mean physics-
related self-concept is lower for type PP; students than for type PP, students. This can be seen in Figure
17 (b) which shows the students’” Rasch person measures indicating their degrees of physics-related
self-concept for all particle physics interest types. Type PP, consisted of 70% male and 30% female

Table 23. Person measure means and standard deviations, minimum and maximum values of the stu-
dents’ interest in particle physics, previous experience with particle physics, and physics-related self-
concept, and count per self-concept types and sex for all types PP, and PP,

Particle physics interest types

Type PP, PP,
Group 1pp and 2pp 3pp
. . . Mean (Standard
Interest in particle physics oo 0.30(0.95) 1.37(0.95)
Deviation)
Rasch person measures ,
Min — Max -2.92-3.42 -1.30-3.92
Previous experience with | Mean (Standard
sl (Sta 1069 (0.96) 0,57 (1.61)
particle physics Deviation)
Rasch person measures Min — Max -3.38-4.00 -3.38-4.00
. Mean (Standard
Physics-related self-concept o -0.87 (1.98) 0.35(2.18)
Deviation)
Rasch person measures ,
Min — Max -6.16 -5.10 -6.16 -4.41
SCy Count (row %, | 516 (84.5%, 64.5%) | 95 (15.5%, 47.3%)
Self-concept types
SC, column %) 284 (72.8%, 35.5%) | 106 (27.2%, 52.7%)
s Female | Count (row %, | 480 (88.9%, 60.0%) | 60 (11.1%, 29.9%)
ex
Male column %) 320 (69.4%, 40.0%) | 141 (30.6%, 70.1%)

Note: The descriptive statistics presented in this table were calculated using the reduced sample size
following the exclusion of persons based on person misfit regarding mechanics interest, particle physics
interest, and physics-related self-concept (Nr.q = 1001, see Section 6.3.6.). The Rasch person measures
are listed in logit units. Lower and higher person measures represent persons with less and more inter-
est/experience/self-concept, respectively. The person measures are estimated based on the item
measures in Rasch analysis. The analysis of the data regarding students’ physics-related self-concept
and their previous experience with particle physics in school is presented in Section 6.3.5. and 6.3.7.,
respectively.
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students, and 11% of all female and 31% of all male students belonged to type PP,. In sum, type PP,
(comprising group 3pp) students were relatively more male students or students with relatively higher
physics-related self-concept compared to type PP, (comprising groups 1pe and 2pp) students. This is sim-
ilar to the findings concerning the mechanics interest types.

Discussion

For the content area particle physics, | found that 79% of the sample, that is, the groups 1pp and
2pp, have a similar interest profile. At the bottom of the hierarchy are the most interesting items, PPO3
(particle detectors and smuggled arms), PP0O8 (transforming a mobile phone into a particle detector),
PPO7 (medical diagnostics), and PP02 (particle physics and the big bang). These items are either set in
an interesting context (PPO3: particle detectors and smuggled arms, the context ‘smuggled arms’ sug-
gests danger similar to the context ‘car accidents’ in mechanics; PP02: particle physics and the big bang,
the context ‘the big bang’ is spectacular/fascinating/unique; PPO7: medical diagnostics, the context
‘medicine’ is related to one’s own body) or present an interesting task (PP08: transforming a mobile
phone into a particle detector, task ‘hands-on experiment’). The least interesting items present particle
physics contents (e.g. the item PPO5: masses of particles) without setting these contents in a context.

As for mechanics interest, | argue that the students of groups 1pr and 2pp were categorised into
different groups of particle physics interest despite their equivalent item hierarchies because they had
different response styles. This can be seen in the category probability plots (Figure 15) and the interest
profiles (Figure 14). Group 1pe students used the extreme category ‘very high’ (=5) in addition to the
non-extreme categories, and thus, only the first threshold is widely spaced, while the others are close
together, which resembles a NERS. Group 2pe students used all the categories, and hence, all thresholds
are very close together. In addition, group 2 students tended to use the extreme category ‘very low’,
and hence, the thresholds 1 and 2 are even overlapping, which resembles an ERS.

In comparison to groups 1pe and 2pp, the item hierarchy of the group 3pp differed. For example,
item PPO7 (medical diagnostics) was the least interesting for the group 3ep, whereas it was among the
most interesting for the other groups. Item PPO7 (medical diagnostics) does not present a content but
only the context ‘medical diagnostics’. How this context relates to particle physics can be read only in
the introductory text. Item PP10 (calculating the energy of a particle collision at the speed of light) was
among the most interesting in group 3pp, Whereas it was among the least interesting for the other
groups. Although the items PP0O5 (masses of particles) and PP10 (calculating the energy of a particle
collision at the speed of light) both present quantitative physics, item PP10 (calculating the energy of a
particle collision at the speed of light) was more interesting than item PPO5 (masses of particles). | argue
that the quantitative physics might have been less interesting in item PPO5 (masses of particles), which
is not set in a context, than in item PP10 (calculating the energy of a particle collision at the speed of
light), which is set in the spectacular context ‘particle collisions at almost the speed of light’. In addition,
the item PP04 (particles in the nucleus space of an atom) that presents qualitative physics and some-
what tackles the context ‘existential questions of humankind’ (‘What are we made of?’) was relatively
interesting. Overall, one can see that some items on the special aspects of particle physics were the
most interesting. These items tackle the context ‘existential questions of humankind’ (PP02: particle
physics and the big bang, ‘Where do we come from?’; PPO4: particles in the nucleus space of an atom,
‘What are we made of?’), are set in the context ‘spectacular experiment’ (PP10: calculating the energy
of a particle collision at the speed of light) or present the task ‘experiment’ (PP08: transforming a mobile
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phone into a particle detector; PP0O9: planning an experiment on particle acceleration). In contrast, the
item that just presents the context ‘medicine’ but no content (PPO7: medical diagnostics) is the least
interesting.

Since the item hierarchy of group 3¢p differed from the other groups, | considered the students
assigned to group 3ep, that is, 21% of the students, to form a second type of interest in particle physics
PP,. Since these students were interested in the special aspects of particle physics as a content area
and a scientific endeavour, that is, its focus on the existential questions of humankind (PP02: particle
physics and the big bang; PP0O4: particles in the nucleus space of an atom) and on experiments (PP08:
transforming a mobile phone into a particle detector; PP09: planning an experiment on particle accel-
eration; PP10: calculating the energy of a particle collision at the speed of light), | referred to them as
the ‘particle physics lovers’.

As can be seen in category probability plots (Figure 15) and the interest profiles (Figure 14),
group 3pp tends to use the rating scale categories ‘medium’ (=2), ‘high’ (=3), and ‘very high’ (=4). Hence,
their thresholds 3 and 4 are very close together and the thresholds 1 and 2 are widely spaced. This
resembles their tendency to only use the three most positive response categories. Again, it is somewhat
surprising that item PPO7 (medical diagnostics) is the least interesting for this group. As already dis-
cussed for mechanics, it may also be that these students read the rating scale wrong, that is, the cate-
gory ‘very high’ becomes ‘very low’ and so on. However, | consider it unlikely that 21% of the students
interpret the rating scale wrong in the online questionnaire. | argue that a combination of both reasons
seems most likely, first, a wrong interpretation of the rating scale, and second, a second type of interest
in particle physics PP, referred to as the ‘particle physics lovers’.

The analysis of the answer profiles and category probability distributions showed that overall
for most students (i.e. type PP1 comprising the students assigned to the groups 1ep and 2pp) the same
items were more (or less) interesting relative to each other, whereas only a small fraction of the stu-
dents (i.e. type PP, comprising the students assigned to the group 3ep) differed in their interest. Further
discussions on which contexts were more (or less) interesting relative to each other for the types of
interest in particle physics are presented in Section 6.3.3. which is on RQ6.

6.3.2.iii. Comparison

In this section | will compare the students’ types of interest in mechanics and particle physics,
respectively, and discuss common aspects.

Results

First, | compared the most probable group assignments for the students regarding their interest
in mechanics and particle physics, respectively (Table 24). Reading the table in rows, one can see that
the students assigned to group 1m were also rather assigned to group 1rp. Yet, the students assigned to
the group 2m were assigned to both 1pp and 2pp. Students assigned to group 3m were rather assigned to
group 2pep. Students assigned to group 4m were equally assigned to all particle physics groups, but espe-
cially to the group 3pe. Reading the table in columns, one can see that group 1ep mainly consisted of
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group 1u and 2y students. Group 2pr mainly consisted of group 2m and 3w students. Group 3pp mainly
consisted of group 1m and also of group 4w students.

Table 24. Most probable group assignments for all groups 1w, 2m, 3m, and 4v (combined analysis) and
the groups 1pp, 2pp, and 3pp.

Interest in Particle Physics

Count (row %, column %)

Group 1pp 2pp 3pp
1w 290 (60.7%, 51.1%) | 69 (14.4%, 18.6%) | 119 (24.9%, 47.6%)
Interest in 2m 182 (51.9%, 32.1%) | 132 (37.6%, 35.7%) | 37 (10.5%, 14.8%)
Mechanics 3m 50 (24.9%, 8.8%) | 117 (58.2%, 31.6%) | 34 (16.9%, 13.6%)
4y 45 (28.7%, 7.9%) 52 (33.1%, 14.1%) | 60 (38.2%, 24.0%)

Second, | compared the most probable type assignments for the students in mechanics and
particle physics (Table 25). Reading the table in rows, one can see that the students assigned to type
M; were also rather assigned to type PP;. Yet, the students assigned to the type M, were also rather
assigned to type PP1. Reading the table in columns, one can see that type PP1 mainly consisted of type
M; students. Type PP, also mainly consisted of type Mj students. Only 60 students were assigned to
both types M, and PP,.

Table 25. Most probable type assignments for all types M; and M, (combined analysis) and the types
PP1 and PP2

Interest in Particle Physics

Count (row %, column %)

Type PP, PP,
Interestin | M: | 840 (81.6%, 89.6%) | 190 (18.4%, 76.0%)
Mechanics | M, | 97 (61.8%, 10.4%) | 60 (38.2%, 24.0%)

To gain additional evidence for my explanation based not only on the students’ degree of in-
terest but also on their response style, | analysed whether the same students showed certain response
styles, such as a NERS or an ERS, across both content areas mechanics and particle physics. Thus, |
investigated whether the students of groups 1m (NERS), 2m, and 4w (both rather normal response style)
are also in group 1ppr (NERS) and 3pp (three most positive categories; see Table 24). Moreover, | investi-
gated whether the students of groups 3wu (ERS) are also in group 2er (ERS; see Table 24). | found that
61% of the students assigned to group 1u were also rather assigned to group 1ep; 52% of the students
assigned to group 2m were assigned to group 1er but 38% were assigned to group 2pp; and 38% of the
students assigned to group 4m were assigned to group 3ep and the rest rather equally to group 1er and
group 2pp. Indeed, 58% of the students assigned to group 3m were assigned to group 2. On the other
hand, 48% of the group 3 students were assigned to group 1m which is not surprising considering their
rather similar response category use (3pp: three most positive categories; 1m: NERS plus most positive
category).
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Discussion

This analysis provided additional evidence for the explanation of the categorisation into differ-
ent groups based on response style rather than qualitative differences in interest. The item hierarchies
were similar for students in groups 1wu, 2m, and 3y, and for the students in groups 1ee and 2pp, that is,
there were little qualitative differences in the interestingness of different items relative to each other.
Instead, the students differed in their use of the rating scale. Additional evidence for our response style
explanation is that the students with NERS (groups 1u and 1pp, respectively) have a higher mean interest
than the students with ERS (groups 3u and 2pp, respectively), which is counterintuitive (see Table 18
and Table 21).

This can also be seen in the boxplots with jitter for the interest groups of both content areas
(see Figure 12 (a) and Figure 16 (a)). For mechanics, the NERS of group 1m can be seen because the
students’ person measures are evenly and widely spread around the mean, whereas the ERS of group
3m can be seen because the students’ person measures are relatively close around the mean plus there
are extreme positive and negative outliers. The response styles of groups 2m and 4v were overall found
to be normal. For 2, the students’ person measures are evenly but narrowly spread around the mean,
which rather resembles a NERS group, whereas for 4y, the students’ person measures are relatively
close around the mean plus there are extreme positive outliers, which rather resembles an ERS group.
For particle physics, the distribution of person measures for group 1pe students resembles a NERS
group, whereas the distribution of person measures for group 2pe students resembles an ERS groups.
However, the person measures of group 3pp are evenly and widely spread around the mean. This also
reflects their use of the rating scale (i.e. mostly using the three most positive categories).

In sum, | argue that since the students differ in their response style, they were categorised into
the different groups 1m, 2m, and 3u and 1pe and 2pp, respectively, although their item hierarchies were
equivalent, that is, the same items are more (or less) interesting for all three groups. Hence, | argue
that 86% of the students in mechanics and 79% of the students in particle physics can be described in
terms of one single type of interest in physics, the type of students that is only interested in physics set
in certain contexts, type M; and PP, respectively. However, for mechanics, | found that 14% of the
students, that is, group 4w, had a different item hierarchy. For these students all items were rather
similarly interesting whereby the ones that present the context ‘car’ were slightly more interesting than
other items. Hence, | found that this second type of interest in mechanics (Mz) comprised students who
are interested in physics relating to the motion of cars. For particle physics, | found that 21% of the
sample, that is, the group 3, had a different item hierarchy compared to the other particle physics
interest groups. These students were rather interested in the special aspects of particle physics as a
scientific endeavour, that is, its focus on the existential questions of humankind (PP02, particle physics
and the big bang) and on experiments (PP08, transforming a mobile phone into a particle detector;
PPQO9, planning an experiment on particle acceleration; PP10, calculating the energy of a particle colli-
sion at the speed of light). Since the group 3 differed from the other groups, these students can be
described in terms of a second type of interest in particle physics PP..

Table 26 presents the main points of the discussion concerning RQ5. For both content areas
two different types of interest in physics were distinguished. The first one is named ‘Physics? Only in
certain contexts!” and comprises students who are only interested in physics contents when set in cer-
tain contexts, that is, the type M; concerning the content area mechanics and the type PP, concerning
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the content area particle physics. Most students (71%) were categorised into this type of interest con-
cerning both content areas. Whereas the interest type ‘Physics? Only in certain contexts!” is universal,
the second type of interest differs for the two content areas. The second type of interest in mechanics
comprised students who were interested in physics relating to the motion of cars and accordingly
named; and the second type of interest in particle physics is named ‘particle physics lovers’. Only a
small fraction of students (60, i.e. 5%) were categorised into the type interested in physics relating to
the motion of cars concerning mechanics and into the particle physics lover type concerning particle
physics. This indicates that these interest types were rather content and context specific, in contrast to
the content overarching type of students that were only interested in physics set in certain contexts.

Table 26. Categorisation of students into different groups of interest for mechanics and particle physics
and overarching interest types, and number of students assigned to the same type for both content
areas.

Mechanics Particle physics

Students
Groups (count,

Groups (count,
ps Count (total %)

Interest types

column %)

column %)

Physics? Only in 1m, 2m, and 3w 1pp and 2pp
. 840 (71%)
certain contexts! (M; and PP;) (1030, 86%) (937, 79%)
Students interested in physics
, . 4y (157, 14%) -
relating to the motion of cars (M) 60 (5%)
Particle physics lovers (PP) - 3pp (250, 21%)

My description of two different interest types concerning both content areas based on the
groups unrevealed by the mixed Rasch analysis, is supported by the findings of the past empirical stud-
ies (Rost et al., 1999). The students’ interest type ‘Physics? Only in certain contexts’ concerning both
content areas is in line with type C, which describes students who are highly interested in physics as it
relates to humans, nature, applications, and society, found in the IPN study (Langeheine et al., 2001;
Rost et al.,1999; Sievers, 1999); on category A found in the HOPE study, which describes students” ‘cu-
riosity to understand the world, natural phenomena and the universe’ (Levrini et al., 2017); and on the
interest category ‘living systems’ found by Drechsel et al. (2011) for PISA 2006 data. The type of stu-
dents only interested in physics set in certain contexts comprised slightly more female than male stu-
dents.

Concerning the content area ‘mechanics’, the type interested in physics relating to the motion
of cars is only somewhat in line with the type of students that are generally and highly interested in
physics, referred to as type A in the IPN study (Langeheine et al., 2001; Rost et al.,1999; Sievers, 1999).
In line with IPN type A, these students were rather equally interested in all items. Yet, they did not have
the highest mean interest in mechanics, which does not align with the IPN interest type A. However, it
somewhat resembles the group of students referred to as ‘practical inquirers’ (1.5%) by Radisi¢ et al.
(2021) resulting from their analysis of PISA 2015 data obtained from students in Italy. These ‘practical
inquirers’ had a high self-efficacy and instrumental motivation, engaged in leisure science activities but
had the lowest interest in science topics. Similarly, the type of students interested in physics relating to
the motion of cars found in my study had the highest mean physics-related self-concept. In addition,
these students were slightly more interested in mechanics contents set in the context ‘car’ than in other
contexts. This is in line with the interest category ‘physical/technology systems’ found by Drechsel et
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al. (2011) for PISA 2006 data. Here, Olsen and Lie (2011) found that within the cluster ‘physical/tech-
nological systems’, the items related to fires and pure or frontier science are crucial. Here, | argue that
fires and car accidents may arouse similar emotions in students as both are suggesting danger in rela-
tion to one’s own body.

Concerning the content area ‘particle physics’, the particle physics lover type of students is in
line with the type of students that are generally and highly interested in physics, referred to as type A
in the IPN study (Langeheine et al., 2001; Rost et al.,1999; Sievers, 1999). However, not all items were
equally and highly interesting for the particle physics lover type of students. For example, the item
presenting quantitative particle physics without any context was rated relatively less interesting. This
does not align with the IPN type A. In addition, the particle physics lover type of students were mostly
interested in the special aspects of particle physics as a scientific endeavour. This aligns with the cate-
gory B found in the HOPE study, which describes students’ ‘interest in physics knowledge as a special
way of knowing, investigating, questioning and thinking’ (Levrini et al., 2017); and with the interest
category ‘physical/technology systems’ found by Drechsel et al. (2011). Again, Olsen and Lie (2011)
found that within the cluster ‘physical/technological systems’, the items related to fires and pure or
frontier science are crucial. Here, | argue that particle physics may be a prime example for pure or
frontier science. The particle physics lover type of students also somewhat resembles the group of stu-
dents referred to as ‘scientists’ (12%) by Radisi¢ et al. (2021) resulting from their analysis of PISA 2015
data obtained from students in Italy. These ‘scientists” had the highest mean self-efficacy, instrumental
motivation, enjoyment of and interest in school science and in leisure science activities. The particle
physics lover type of students also had the highest mean interest in particle physics. This also aligns
with the finding by Habig et al. (2018) that students with high individual interest express higher interest
in unique contexts. Here, | argue that particle physics as a scientific endeavour resembles a unique
context as used in Habig et al.”s study (2018) well. In addition, the particle physics lover type of students
were mostly male. This is also in line with past empirical finding from the ASPIRES study on students
aged 12 to 14 years. Here, notably fewer female (37%) than male (63%) students were classified as
being ‘science keen’ (Archer et al., 2013).

The resulting description of the students’ types of interest in mechanics and particle physics,
respectively, does not fully align with my hypothesis that the IPN interest types (A, C, NG; Langeheine
et al., 2001; Rost et al.,1999; Sievers, 1999) are still valid for today’s students and for mechanics and
particle physics. First, in the IPN study all groups resulting from the mixed Rasch rating scale model
were described in terms of interest types. In contrast, | considered the item hierarchies of the different
groups when describing interest types. Here, my focus was on the hierarchy of interesting contexts
presented in the items. My idea was to outbalance the effect of the students’ different response styles
because the mixed Rasch model differentiates between different groups not only because of qualita-
tively different item hierarchies (i.e. qualitative differences in the item hierarchies) but also because of
different response styles. Given an equivalence of their item hierarchies (i.e. given the absence of qual-
itative differences in item hierarchies), | combined different groups to form interest types. Only if a
group had a unique item hierarchy, | considered this group as a separate interest type. Using this ap-
proach, | could replicate the IPN interest type C (Langeheine et al., 2001; Rost et al.,1999; Sievers, 1999)
concerning both content areas. However, using my approach | could not replicate the IPN interest type
NG (Langeheine et al., 2001; Rost et al., 1999; Sievers, 1999). Concerning the type NG, Sievers (1999)
had already concluded that (1) it was rather interpreted based on structural than on content-related
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considerations and (2) it could have been excluded from further analyses. Here my study provides a
different approach than suggested by Sievers (1999), that is, to consider all students in further analyses.
Moreover, | could only partially replicate the IPN interest type A (Langeheine et al., 2001; Rost et
al., 1999; Sievers, 1999) separately for the content areas ‘mechanics’ and ‘particle physics’. That is, type
A'is not universal, but depends on the specific content area. Overall, in line with my hypothesis | found
that within the different types of interest, different contexts are more (or less) interesting relative to
each other. This might also provide evidence aligning with my hypothesis that the interest types com-
prise groups of students on different levels of interest, each associated with different aspects of physics.
Further discussions on whether these types of interest in mechanics can be described in terms of a
hierarchy of students’ levels of interest are presented in Section 6.3.3..

6.3.3. The hierarchy of levels of interest in physics (HOLIP)

In this section the results related to my research question about the applicability of the hierar-
chy of levels of interest in particle physics to the different types of interest in mechanics and particle
physics are presented and discussed. RQ6 asked ‘To what extent can students’ types of interest be de-
scribed in terms of a hierarchy of students’ levels of interest?’. | introduced a conceptualisation of stu-
dents’ interest in particle physics comprising three levels of interest to describe the item hierarchy in
my first study based on the storyline of a learning activity, that is, the context in which physics contents
may be set (see Section 5.3.3.). | characterised the level of focused interest as being interested in par-
ticle physics when it is set in a context that is related to (1) one’s own body, for example, ‘medical
diagnostics’ (PPO7, medical diagnostics); (2) socio-scientific issues, for example, ‘smuggled arms’ (PP03,
particle detectors and smuggled arms); or (3) existential questions of humankind, for example, ‘the big
bang’ (PP02, particle physics and the big bang). The level of open interest comprises students that are
additionally interested in particle physics set in the broad context ‘everyday life’. Finally, | defined the
level of broad interest as being interested in particle physics, even when it is set in a technical or purely
scientific context. Here, scientific context means that the item only presents particle physics as a scien-
tific content area or refers to particle physics as a scientific endeavour.

Results

To investigate to what extent students’ types of interest can be described in terms of such a
hierarchy of levels of interest, | conducted an analysis of the item hierarchies of the different interest
types, that is, | examined the item measures and wording. If the instrument to measure mechanics
interest and the IPPI, respectively, display the proposed hierarchy of levels of interest for an interest
type, item measures should depend on the context that the item in question represents. ltems set in
an everyday context, such as the human body, should be among the most interesting, whereas those
set in a purely scientific context, such as qualitative or quantitative science, should be among the least
interesting.

For mechanics, | found that in the groups 1wu, 2m, and 3m had an equivalent item hierarchy, and
hence | combined them into the type of interest in mechanics M. | found that the conceptualisation of
students’ interest as a hierarchy of levels of interest, originally developed for particle physics, can also
be applied to describe students’ interest in mechanics. Overall, the conceptualisation suits to describe
the item hierarchies of the groups 1m, 2m, and 3m. These groups were jointly described as the type My,
that is, students who are only interested in physics set in certain contexts. The most interesting items
present mechanics in contexts related to one’s own body (MQ7: artificial organs and joints in medicine;
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MO09: designing a safety car for severe accidents) and socio-scientific issues (M03: increase of probabil-
ity and consequences of a car accident with speed; M09: designing a safety car for severe accidents;
M11: accident statistics and speed limits). Here, the context ‘car accidents’ is predominant, and | argue
that it may arouse emotions because it suggests danger. This potential arousal of emotions caused by
the contexts is in line with the characterisation of the level of focused interest. However, the aspect
‘existential questions of humankind’, that is also part of the level of focused interest in the conceptual-
isation, was not tackled in the mechanics items, and thus, it is not possible to tell whether this aspect
would also have been very interesting for the students in relation to the content area mechanics. Sim-
ilarly, the context ‘everyday life’, that defines the level of open interest in the conceptualisation, was
mostly tackled by referring to cars, which | consider to be a very specific context. Thus, it is not possible
to tell whether the broad field of ‘everyday life” mentioned in the conceptualisation would also have
been very interesting for the students in relation to the content area mechanics. The focus on cars as a
context might reinforce student conceptions that physics is about ‘using’ and ‘dominating’ nature in-
stead of understanding it (Muckenful3, 1995). Nowadays, the context ‘car’ might be less interesting for
students compared to the 1980s considering that climate change is a very concerning and omnipresent
topic (e.g. ‘Fridays For Future’ movement). Hence, | argue that it is not surprising that the context ‘car’,
which does not question the use of individual transport or the emission of greenhouse gases nor relates
to accidents (i.e. items M04: transformation of energy of motion into other forms of energy; MO05: cal-
culating the energy of motion based on the speed of a car; M06: force-saving devices in a car repair
shop; M10: calculating the braking path based on the speed of a car), was the least interesting for the
students. Similarly, the context ‘crude oil’ was — not surprisingly — one of the least interesting for the
students. Hence, | argue that the contexts ‘car’ and ‘crude oil’ are rather resembling the aspect ‘tech-
nology’ (than the aspect ‘everyday life’) mentioned in the conceptualisation. It is well in line with the
conceptualisation that these ‘technology’ contexts were the least interesting for the students. How-
ever, the context ‘science’ was not tackled in the mechanics questionnaire as there is no item that
presents the context ‘science’; that is, there was no item that only presents mechanics as a scientific
content area or refers to mechanics as a scientific endeavour. Thus, it is not possible to tell whether the
context ‘science’ would also have been very interesting for the students in relation to the content area
mechanics. Overall, the conceptualisation of students’ interest as a hierarchy of levels of interest fits
well to describe the item hierarchies of the type My, that is, the groups 1m, 2m, and 3m. Yet, some con-
texts (e.g. existential questions, everyday life, science) that are mentioned in the original conceptuali-
sation were not addressed in the mechanics items.

| found that for the students of the type M,, that is, the group 4w, all items were rather similarly
interesting. Yet, the items MO7 (artificial organs and joints in medicine), M08 (constructing different
pulleys and trying them out), and M11 (accident statistics and speed limits) were the least interesting,
although they are very interesting for the other groups. However, the relatively most interesting items
were set in contexts related to accidents and cars (M01: devices that amplify forces (e.g. pulley, lifting
platform); M03: increase of probability and consequences of a car accident with speed; M04: transfor-
mation of energy of motion into other forms of energy; MO05: calculating the energy of motion based
on the speed of a car; MQ7: artificial organs and joints in medicine; M10: calculating the braking path
based on the speed of a car). The items M02 (pumping oil from great depths, context ‘crude oil’) and
MO6 (force-saving devices in a car repair shop, context ‘car repair shop’) were less interesting. It is in
line with the conceptualisation that the context ‘car accidents’ was very interesting as it resembles the
aspect ‘socio-scientific issues” but also the aspect ‘one’s own body’, both of which may arouse
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emotions. The items M08 (constructing different pulleys and trying them out) and M11 (accident sta-
tistics and speed limits) were relatively uninteresting, which is not in line with other past empirical
studies indicating that experiments and discussions are interesting for students. However, this is similar
to group 2m and 3w, respectively (both described as type M), for which M11 (accident statistics and
speed limits) and MO8 (constructing different pulleys and trying them out), respectively, are also rather
uninteresting. In all, | found that the conceptualisation of interest does not fit to describe these students
and that they were interested in physics relating to the motion of cars since the context ‘car’ was the
most interesting for them, not only when referring to accidents.

For particle physics, | found that the conceptualisation of students’ interest as a hierarchy of
levels of interest also perfectly suits to describe the item hierarchies of the type PP, that is, the groups
1ep and 2pp. For these students, the four items PPO2 (particle physics and the big bang), PP0O3 (particle
detectors and smuggled arms), PPO7 (medical diagnostics), and PPO8 (transforming a mobile phone into
a particle detector) were the most interesting, which form the level of focused interest in the original
conceptualisation; the three items PPO1 (devices that detect particles (e.g. digital camera)), PP09 (plan-
ning an experiment on particle acceleration), and PP11 (particle physics has changed our daily life) were
in the middle of the item hierarchy, which together with the previous items formed the level of open
interest; and the items PP04 (particles in the nucleus space of an atom), PPO5 (masses of particles),
PP0O6 (particle accelerators in the electronics industry), and PP10 (calculating the energy of a particle
collision at the speed of light) were the least interesting, which formed the level of broad interest to-
gether with all other items in the first study.?® Hence, | found that the interest type PPy, that is, most
students, can be described with my conceptualisation of interest.

| found that my conceptualisation of interest does not describe the item hierarchy of group 3ee,
that is, the physics lover type of students (PP,). Most students of this type were interested in the special
aspects of particle physics as a content area and a scientific endeavour, that is, its focus on the existen-
tial questions of humankind (PPO2: particle physics and the big bang; PP04: particles in the nucleus
space of an atom) and on experiments (PPO8: transforming a mobile phone into a particle detector;
PP09: planning an experiment on particle acceleration; PP10: calculating the energy of a particle colli-
sion at the speed of light). It is in line with the conceptualisation (which is based on the hierarchy of
interesting contexts) that most students of this type were interested in contexts related to the existen-
tial questions of humankind. However, items presenting physics set in contexts related to socio-scien-
tific issues, everyday life, technology, and one’s own body were less interesting for these students,
which contrasts with my conceptualisation.

In sum, | found that the item hierarchy of the type of students that is only interested in physics
set in certain contexts, that is, types Miand PP; comprising most students’ interest in mechanics and
particle physics, respectively, can be described with my conceptualisation of interest as a hierarchy of
levels of interest. Figure 18 shows the conceptualisation comprising three levels of interest adapted to
both content areas mechanics and particle physics.

2% Concerning the items PPO8 and PP09, | described the effect of the task in the first study; that is, experiments
as generally interesting, and doing the experiment (PP08) as more interesting than planning an experiment
(PPQ9).
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HIERARCHY OF LEVELS OF INTEREST IN PHYSICS

Level of broad interest

Even fewer students are additionally interested in
contexts related to (1) science, e.g. “elementary par-
ticles”, and (2) technology, e.g. “car repair shop”,
“crude oil”, “electronics industry”

Level of open interest

Fewer students are additionally interested in contexts related
to (1) everyday life, e.g. “everyday life”, and
(2) specific everyday examples, e.g. “digital camera”

Level of focused interest
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Most students are only interested in contexts related to
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(1) one’s own body, e.g. “artificial joints (medicine)”, “medical diagnostics”, “driver”;
(2) socio-scientific issues, e.g. “car accident”, “smuggled arms”; and
(3) existential questions of humankind, e.g. Where do we come from?

=> “the big bang theory”

Number of students

Figure 18. Conceptualisation of interest in physics as a hierarchy of three levels of interest in phys-

ics (HOLIP). The horizontal axis represents the number of students. The vertical axis represents
the number of contexts. Note that the levels are cumulative, that is, the level of broad interest in-
cludes the level of open interest which in turn includes the level of focused interest.

Discussion

| found that the item hierarchy of the type of students that is only interested in physics set in
certain contexts, that is, types Miand PP; comprising most students’ interest in mechanics and particle
physics, respectively, can be described with my conceptualisation of interest. The applicability of the
conceptualisation to particle physics type PP; shows that (1) already based on the small sample of the
first study (N = 99) valid conclusion about the students’ interest were made; and (2) based on a large
sample (N =1214) groups with differing item hierarchies, such as group 3pp, can be successfully unveiled
when using a mixed Rasch model. Moreover, past empirical studies may explain why | could apply the
conceptualisation of students’ interest as a hierarchy of levels of interest — consistently with the results
of my first study — to particle physics type PP, and why | could additionally apply the conceptualisation
to mechanics type Mj in the second study. As argued above, Fechner et al. (2015) showed that the
effect of a context on interest is more distinct, if it can be distinguished clearly from the content and
that the positive effect of a context on interest is higher, the less interesting the content itself is. Based
on this, | argue that it may be that for this first type of students (type M1 and PP;, respectively, called
‘Physics? Only in certain context!’), (1) there was a clear distinction between the content area ‘mechan-
ics’ and ‘particle physics’, respectively, and the contexts in which it was set; and (2) the content area
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‘mechanics’ and ‘particle physics’, respectively, was less interesting than the contexts in which it was
set.

In contrast, | found that only for the interest types M, and PP, representing a very small fraction
of students (14% in mechanics and 21% in particle physics), the above-described conceptualisation does
not fit. For mechanics, the second type of interest (M,) was mostly interested in the context ‘car’, even
when not referring to accidents, called ‘students interested in physics relating to the motion of cars’.
For particle physics, the second type of interest (PP,) was mostly interested in the special aspects of
particle physics as a content area and a scientific endeavour, called ‘particle physics lovers’. The con-
ceptualisation could not be applied to these second types of interest. The difference in applicability of
the second interest type (M,/PP2) compared to the first interest type (M1/PP1) in mechanics and particle
physics, respectively, may also be explained based on past empirical studies (Fechner et al., 2015). That
is, it may be that there was no clear distinction between the content area ‘mechanics’ and the context
‘car’ for the students forming type M,. Similarly, for the students forming type PP,, it may be that the
content area “particle physics’ could not be distinguished clearly from the contexts in which it was set
and/or that the content area ‘particle physics’ was more interesting than the contexts in which it was
set. Hence, the positive effect of contexts are less pronounced (Fechner et al., 2015).

In sum, the conceptualisation of interest as a hierarchy of students’ levels of interest, originally
introduced in the first study regarding particle physics, was successfully applied to describe the relative
interestingness of different contexts for the first type of students (called ‘Physics? Only in certain con-
texts!’) regarding both content areas, that is, type M (84% of the students regarding mechanics) and
type PP1 (79% of the students regarding particle physics). Hence, the conceptualisation is renamed ‘hi-
erarchy of students’ levels of interest in physics’ (HOLIP, see Figure 18) and suggested as a guideline for
physics in general, if the specific physics content area can be set in the recommended contexts. It com-
prises three levels of interest: | characterised the level of focused interest in particle physics as being
interested in particle physics when it is set in a context that is related to one’s own body, socio-scientific
issues, or existential questions of humankind. | found that aspect ‘existential question of humankind’
caused a high interest in particle physics, although this context is theoretical, like purely scientific con-
texts. | believe that these three aspects can be assigned to the same level of interest because they all
sparked interest by arousing positive or negative emotions. This aligns with the first phase in interest
development, ‘triggered situational interest’, in which the emotional component prevails (Hidi & Ren-
ninger, 2006). Second, students at the level of open interest were additionally interested in physics
when it was set in the broad context of ‘everyday life’. My definition of the level of open interest aligns
with the second phase of interest development, namely ‘maintained situational interest’ as proposed
by Hidi and Renninger (2006). In this phase, a person begins to recognise personal value based on al-
ready existing positive feelings, that is, the value-related component of interest prevails. Third, | defined
the level of broad interest in particle physics as being interested in physics, even when it is set in a
purely scientific or technical context. My definition of the broad level aligns with the third and fourth
phases in interest development, namely ‘emerging’ and ‘well-developed individual interest’, where the
cognitive-epistemic component of interest prevails (Hidi & Renninger, 2006). When interpreting the
hierarchy of students’ levels of interest, it is crucial to consider that these levels are cumulative. This
means that the level of broad interest includes the level of open interest, which further includes the
level of focused interest. Moreover, previous studies (e.g. OECD, 2007a, 2016) have demonstrated that
students’ interest in physics content is low compared to, for example, biology and chemistry content.
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Hence, based on Hidi and Renninger’s ‘Four-phase-model of interest development’ (2006), one could
argue that many students have not developed a more stable form of interest in physics content. Con-
sequently, when aiming to foster interest in physics, many students might benefit from activities tar-
geting the emotional component of interest, whereas only a few students might benefit from activities
targeting the value-related component, and even fewer students might appreciate activities targeting
the cognitive-epistemic component. This is also in line with the hierarchy of students’ levels of interest
in physics (HOLIP).

6.3.4. Which physics content area is more interesting overall?

In this section the results related to my research question about the interest in the two different
content areas are presented and discussed. RQ7 asked ‘In which physics content area are the students
overall more interested, mechanics or particle physics?’. The hypothesis for this research question was
that modern physics content areas are more interesting than classical ones as suggested by past em-
pirical studies (e.g. HauRler, Lehrke, et al., 1998; OECD, 2016; Sjgberg & Schreiner, 2012).

Results

| analysed which content area mechanics or particle physics is overall more interesting by in-
vestigating the individual differences in Rasch person measures and one-sample t-tests. Table 27 lists
the means of the individual differences in Rasch person measures (interest in particle physics minus
interest in mechanics). One can see that the differences were small.

Table 27. Mean differences in Rasch person measures in logit units (interest in particle physics minus
interest in mechanics), corresponding standard deviations, and minimum and maximum values of the
individual differences.

Mean of the individual differences in Rasch person measures

Interest in particle physics minus interest in mechanics

Mechanics interest type M; M,
Mean (Standard Deviation) 0.03 (0.85) 0.41(0.91)
Min — Max -3.09-3.21 -2.07-3.13
Particle physics interest type PP; PP,
Mean (Standard Deviation) -0.06 (0.81) 0.60 (0.89)
Min — Max -3.09-2.79 -1.96-3.21
Full sample
Mean (Standard Deviation) 0.07 (0.87)
Min — Max -3.09-3.21

To check whether the means of the individual differences in Rasch person measures are signif-
icantly different from 0, | conducted a one-sample t-test. First, | conducted this analysis for the full
sample. The mean difference (M=0.0748, 95% Cl = [0.0209, 0.1287]) was significantly higher than 0,
t(1000)=2.722, p=0.007. However, the effect size is too low to be interpretable in a sound manner
(dc=0.09, 95% CI [0.024, 0.148]).
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Then, | conducted this analysis separately for the mechanics interest types. For type M, the
mean difference (M=0.0266, 95% Cl = [0.8526, 0.0288]) was not significantly different from O,
t(874)=0.925, p=0.355. For type M,, the mean difference (M=0.4090, 95% ClI = [0.2482, 0.5698]) was
significantly higher than 0, t(125)=5.034, p=<0.001. This difference translates into a small effect
(de=-0.45, 95% CI [0.264, 0.631]).

Finally, | conducted this analysis separately for the particle physics interest types. For type PP,
the mean difference (M=-0.0575, 95% Cl = [-0.1141, -0.0013]) was significantly lower than O,
t(799)=-2.008, p=0.045. However, the effect size is too low to be interpretable in a sound manner
(de=-0.07, 95% ClI [-0.140, -0.002]). For type PP,, the mean difference (M=0.6020, 95% Cl| = [0.4784,
0.7256]) was significantly higher than 0, t(200)=9.606, p=<0.001. This difference translates into a me-
dium-sized effect (dc=0.68, 95% ClI [0.524, 0.830]).

The one-sample t-test showed that for all students the mean differences in interest were sig-
nificantly different from 0 with particle physics being more interesting than mechanics. Yet, the effect
size was too small to be interpreted in a sound manner. For mechanics, there was no significant differ-
ence for type M; students (86% of students, ‘Physics? Only in certain contexts!’) but for the type M,
students (14% of students, ‘students interested in physics relating to the motion of cars’) with particle
physics being more interesting translating into a small effect. For particle physics, there was a significant
difference for type PP1 students (79% of students, ‘Physics? Only in certain contexts!’) with mechanics
being more interesting. Yet, the effect size was too small to be interpreted in a sound manner. For type
PP, students (21% of students, ‘particle physics lovers’), particle physics was significantly more inter-
esting than mechanics translating into a medium-sized effect.

Discussion

In sum, | argue that for most students both content areas were equally interesting considering
the extremely low effect sizes. However, for those students assigned to the type M; (14% of students,
‘students interested in physics relating to the motion of cars’) and the type PP, (21% of students, ‘par-
ticle physics lovers’), particle physics was found to be more interesting than mechanics. | argue that
particle physics was more interesting than mechanics for the students assigned to these interest types
(M3 and PP5) because they have a higher mean physics-related self-concept (further discussions on the
association between self-concept and interested are presented in Section 6.3.6.). These findings show
that for most students both content areas are equally interesting. Only for a small fraction of students
(depending on the applied typology) particle physics was more interesting than mechanics. This finding
contrasts with our hypothesis that modern physics contents are more interesting than classical ones as
suggested by past empirical studies which show that modern physics contents, such as the history of
the universe, are more interesting than classical ones (e.g. HauRler, Lehrke, et al., 1998; OECD, 2016;
Sjeberg & Schreiner, 2012). It provides evidence that such generalised observations may result from
the differences in interest of a small fraction of students and cannot be applied to most students. Most
importantly, these findings emphasise the importance of analysing data concerning students’ interest
using methods, such as mixed Rasch analyses, that do not rely on pre-defined categorisations (e.g. sex)
but instead distinguish groups based on their responses to the interest instrument used in the study.
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6.3.5. Students’ types of physics-related self-concept

In this section the results concerning my research question about the students’ categorisation
into different types of physics-related self-concept are presented and discussed. RQ8 asked ‘To what
extent can the students be categorised into different types of physics-related self-concept?’. In my study
physics-related self-concept was defined as comprising both aspects, self-perception of ability and be-
liefs about the perception as a physics person by others. The hypothesis for this research question was
that the students cannot be categorised into different types of physics-related self-concept. This was
based on the physics identity studies which suggested that the beliefs about the perception as a physics
person by others (perceived recognition) and the self-perception of ability (competency beliefs) are
strongly associated with one another (Godwin et al., 2016; Kalender et al., 2019b).

Results

To investigate the students’ physics-related self-concept | conducted the same mixed Rasch
analyses as for students’ interest in mechanics and in particle physics. | calculated and compared four
different models, from a model with only one group® of students, that is, the sample is not divided into
groups of students, to a model with four groups of students with different self-concept profiles. The BIC
values of the four calculated models with respect to the model with the lowest BIC value are listed in
Table 28. The BIC value of the 3-groups-model was the smallest. The delta-BIC values indicated very
strong evidence against the 1-group-model, and strong evidence against the 2- and 4-groups-models.

Table 28. Delta BIC-values of the four calculated models to describe students’ physics-related self-con-

cept
Delta-BIC

Number of groups 1 2 3 4
Delta-BIC 1116 | 104 | O 61

Qualitative analysis of the groups confirmed that a distinction into three different groups is
sufficient to describe students’ physics-related self-concept. The distinction into more groups did not
improve the description of students’ physics-related self-concept because then the groups’ sizes would
be very small and several groups would have very similar interest profiles. Consequently, the students
were categorised into three different groups of physics-related self-concept. Group 1sc consisted of
49% of the sample, group 2sc of 41%, and group 3sc of 10%.%! Figure 19 shows the self-concept profiles
of the three groups 1sc, 2sc, and 3sc. The items are shown on the x-axis and the threshold measures of
each item are shown on the y-axis. Since there are four rating scale categories, there are three thresh-
olds, and hence three threshold measures for each item. The lower the threshold measures of an item
are, the more agreement was expressed by the students. The line between the data points does not
have a meaning but helps to observe some patterns.

30 The term ‘group’ does not refer to a ‘self-concept type’ (as mentioned in RQ8). A group may indeed form a
type or several groups combined may together form a type.
31 The index SC stands for physics-related Self-Concept.



6. Main Study | 121

1sc 2sc
B threshold 1 @ threshold 2 # threshold 3 B threshold 1 @ threshold 2 # threshold 3
Item Parameters in Class 1 with size 0.48635 Item Parameters in Class 2 with size 0.40754
8 8
6 - . * &
4 A 4
. . . . . . . . .
o2 pr . . - . 52 * * *
k-] . 5
g0 " g0
] L] n ] iy . . . . . . . .
£ . E
Fa2 . = . i » =23 " » - " " " " " iy
4 4
L]
~ u u ]
€ 6
8 8
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 [ 7 8 9 10
ftem Item
3sc
& threshold 1 @ threshold 2 # threshold 3
Item Parameters in Class 3 with size 0.10611
8 - A . *
6
.
4 . L " .
. 0 . .
3 2
£0 L
4 . hd . .
£
F2
-4
L] n ] I
£
e — " -
1 2 3 4 ] 6 7 8 9 10

Item

Figure 19. Self-concept profiles, that is, how much agreement was expressed by the students to the
different items relative to each other, of the three groups 1sc, 2sc, and 3sc.

Note: On the x-axis, the items are shown, and on the y-axis, the threshold measures are shown in logit
units, each marking the threshold between one rating scale category to another. For example, thresh-
old 1 is between the categories ‘fully disagree’ and ‘rather disagree’. The line between the data points
does not have a meaning but helps to observe some patterns.

Firstly, one can see that the self-concept profiles, that is, how much agreement was expressed
by the students to the different items relative to each other, of the three groups 1sc, 2sc, and 3sc differ.
Students assigned to? the groups 1sc and 3sc expressed more agreement to items SCO1 (Learning ad-
vanced physics topics would be easy for me), SCO2 (I can usually give good answers to test questions
on physics topics), SC04 (I can learn physics topics quickly), SCO6 (Physics topics are easy for me), SCO8
(When I am being taught physics, | can understand the concepts very well), and SCO10 than to the items
SCO3 (My TA or Instructor see me as physics person), SCO5 (My parents see me as physics person), SCO7
(My classmates see me as physics person), and SC09 (My friends see me as physics person). The dis-
tance between the thresholds is smaller in group 1sc than in group 3sc. However, for group 3sc the
distance between thresholds 1 and 2 is bigger than between thresholds 2 and 3. Group 2sc students
expressed similar agreement to all items. The distance between the thresholds 1 and 2 is smaller than
between the thresholds 2 and 3.

32 The students are assigned to the group, for which they have the most probable assignment; that is, the as-
signment is based on the highest probability. In the following, when writing ‘assigned to’ or ‘categorised into’
the most probable group assignment is meant.
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Figure 20. Category probabilities, that is, the probabilities to choose the different categories of the
rating scale, of the three groups 1sc, 2sc, and 3sc.

Note: The students expressed their degree of agreement in each item on a 4-category rating scale (fully
agree (=3), rather agree (=2), rather disagree (=1), or fully disagree (=0)).

To study the difference between groups 1sc, 2sc, and 3sc | analysed how the students used the
different answer categories of the rating scale. Figure 20 shows the category probabilities of the three
groups 1sc, 2sc, and 3sc. One can see that the groups differ in their use of the rating scale categories.
Group 1sc students tended to use all the categories of the rating scale, especially the two middle cate-
gories, but for the items SCO3 (My TA or Instructor see me as physics person), SCO5 (My parents see
me as physics person), SCO7 (My classmates see me as physics person), and SC09 (My friends see me
as physics person) rather the category ‘fully disagree’ (=0). Similarly, group 3sc students tended to use
the two middle categories of the rating scale but for the items SCO3 (My TA or Instructor see me as
physics person), SCO5 (My parents see me as physics person), SCO7 (My classmates see me as physics
person), and SCO9 (My friends see me as physics person) only the category ‘rather disagree’ (=1). In
contrast, group 2sc students used the categories of the rating scale equally across all items, and they
tended to use the category ‘rather agree’ (=2).

When conducting (mixed) Rasch analyses, an evaluation of the obtained item and person
measures is crucial as it provides further evidence for the quality of the chosen model. | evaluated the
Rasch item measures in physics-related self-concept. When checking for item fit for the self-concept
groups, | found that all items fit well in group 1sc (ZQ values ranging from -1.67 to 1.58) except for the
item SCO5 (ZQ =-2.63). | argue that this is because the item SCO5 (My parents see me as physics person)
was one of four items reflecting the aspect ‘perceived recognition’ (by the parents), and hence, might
have appeared to be less related to the measured latent trait, that is, physics-related self-concept, or
to relate to different aspects of it. All items fit well in group 2sc (ZQ values ranging from -1.40 to 1.89)
and in group 3sc (ZQ values ranging from -0.83 to 1.09). Based on the item fit statistics, | argue that the
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data supported one trait, physics-related self-concept, in all groups, that is, that the measurement in-
strument about students’ physics-related self-concept was found to be unidimensional. Yet, physics-
related self-concept is a broad trait because it covers both aspects, ability self-concept and perceived
recognition. For the groups, these different aspects differed in their positive (or negative) effect on the
student’s physics-related self-concept. For group 2sc students, both aspects were contributing in a sim-
ilar positive (or negative) way to the students’ physics-related self-concept. Yet, for group 1sc and 3sc
students, the ability self-concept contributed more positively to the students’ physics-related self-con-
cept compared to their perceived recognition. Then, | evaluated the Rasch person measures for the
students’ self-concept. As for students’ interest, | investigated the Rasch person fit and excluded those
students from further analysis, whose newfit 1 and/or 2 value was << —3 or > 3 or for who no newfit
values were calculated. Concerning physics-related self-concept, | excluded 73 students from further
analysis.

To learn more about the students’ different groups, | calculated corresponding descriptive sta-
tistics for the reduced sample size Ny.q. Table 29 lists the descriptive statistics for the physics-related
self-concept groups (1sc, 2sc, and 3sc). The mean physics-related self-concept was the highest for group
2sc students, followed by group 1sc students, which in turn had higher mean interest than group 3sc
students. This can also be seen in Figure 21 which shows the students’ Rasch person measures indicat-
ing their degrees of physics-related self-concept for all self-concept groups. Group 2sc had the highest
mean interest in mechanics and particle physics, respectively. The mean interest in mechanics and par-
ticle physics, respectively, was rather similar for groups 1sc and 3sc. The groups 1sc and 3sc consisted of
slightly more female students than male students, whereas it is the opposite for group 2sc.
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Figure 21. Boxplot with jitter of the students’ Rasch person measures in logit units indicating their de-
grees of physics-related self-concept for all physics-related self-concept groups
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Table 29. Person measure means and standard deviations, minimum and maximum values of the stu-
dents’ physics-related self-concept, interest in mechanics, interest in particle physics for all groups 1sc,
2sc, and 3sc

Physics-related self-concept groups

Group 1sc 2sc 3sc
Physics-related self- | Mean (Standard De-
o -1.38(2.07) 0.59 (1.56) -1.50(1.59)
concept viation)
Rasch person ]
Min — Max -6.16 -5.10 -3.85-4.141 -4.76 -0.76
measures
Interest in mechanics | Mean (Standard De-
o 0.32 (0.90) 0.63 (0.94) 0.29 (0.88)
Rasch person mea- viation)
sures Min — Max -2.15-3.06 -1.88-3.71 -2.07-3.20
Interest in particle Mean (Standard De-
. o 0.35(1.02) 0.78 (1.04) 0.28 (0.96)
physics viation)
Rasch person mea- _
Min — Max -2.92-3.42 -2.36—-3.92 -2.36—-3.42
sures
278 (51.5%, 194 (35.9%, 68 (12.6%,
Female
S Count (row %, col- 55.3%) 49.7%) 63.0%)
ex
Vi umn %) 225 (48.8%, 196 (42.5%, 40 (8.7%,
ale
44.7%) 50.3%) 37.0%)

Note: The descriptive statistics presented in this table were calculated using the reduced sample size
(Nreg = 1001, see Section 6.3.6.). The Rasch person measures are listed in logit units. Lower and higher
person measures represent persons with less and more self-concept/interest, respectively. The person
measures are estimated based on the item measures in Rasch analysis.

To investigate the students’ types of physics-related self-concept, | compared the item hierar-
chies of the three groups, in which the items are sorted by their item measure, that is, by how much
agreement the students expressed to each item (Table 30). One can see that for groups 1sc and 3sc,
there is a clear distinction between items that were easy to agree with, that is, items SC0O2 (I can usually
give good answers to test questions on physics topics), SC10 (I can easily understand new ideas in phys-
ics), SCO4 (I can learn physics topics quickly), SCO8 (When | am being taught physics, | can understand
the concepts very well), SCO1 (Learning advanced physics topics would be easy for me), SCO6 (Physics
topics are easy for me), and items that were difficult to agree with, that is, items SC03 (My TA or In-
structor see me as physics person), SCO5 (My parents see me as physics person), SCO7 (My classmates
see me as physics person), and SC09 (My friends see me as physics person). In contrast, for group 2sc
all items were similarly easy to agree with. The distinction between items that were easy or difficult to
agree with is less pronounced. Interestingly, item SC06 (Physics topics are easy for me) was the most
difficult to agree with for these students.

| found that the students have been categorised into the different groups 1sc and 3sc, although
their item hierarchies are equivalent; that is, the students express more (or less) agreement to the same
items. Hence, | argue that 60% of the students can be described in terms of one type of physics-related
self-concept SC; (comprising groups 1sc and 3sc). In contrast, students assigned to group 2sc differ in
their item hierarchy. These students can be described in terms of a second type of physics-related self-
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concept SC,. | will discuss the similarities and differences regarding the item hierarchies of the different
groups below.

Table 30. Item IDs, corresponding Rasch item measures (reflecting the expressed agreement), and
standard errors (SE) for all three groups 1sc, 2sc and 3sc.

Item oup oup oup
SC09 0.11 0.05 0.08 1.98 0.34
SCO07 0.11 0.26 0.08 2.19 0.34

SCO5 2.68 0.1 0.16 0.08 2.57 0.33
SC03 1.08 0.09 0.08 0.08 2.04 0.34
SC06 -1.29 0.08 0.29 0.08 -0.69 0.25
Sco1 -1.51 0.08 -0.13 0.08 -1.20 0.24
SCO8 -1.57 0.08 0.04 0.08 0.23
SCo4 0.08 -0.17 0.08 -1.55 0.23
SC10 0.08 -0.21 0.08 0.23
SCO2 0.08 -0.37 0.08 0.23

Note: The Rasch item measures and standard errors are listed in logit units. Lower and higher item
measures represent items that are more and less easy to agree with, respectively. The mean item meas-
ure of each group is set to zero in mixed Rasch analysis. The items are ordered according to their
measures in group lsc. The colour scale represents the degree of agreement expressed in each item
across all groups; dark blue is the item most easy to agree with and dark red is the item most difficult
to agree with.

To learn more about the students’ different types of physics-related self-concept, | calculated
corresponding descriptive statistics for the reduced sample size N.q. Table 31 shows the descriptive
statistics for the physics-related self-concept types. The mean self-concept is lower for type SC; stu-
dents than for type SC; students. This can also be seen in Figure 22 (a) which shows the boxplots of the
students’ Rasch person measures indicating their degrees of physics-related self-concept for both self-
concept types. Type SC; consists of 50% male and 50% female students, and 36% of all female and 43%
of all male students belong to type SC,. The mean interest in mechanics and particle physics, respec-
tively, was lower for type SC; students than for type SC, students. Figure 22 (b) shows the students’
Rasch person measures indicating their degrees of physics-related self-concept for the different sexes.
The difference in mean self-concept between the sexes is less pronounced than between the self-con-
cept types (Figure 22 (a)).

In sum, type SC, (comprising group 2sc) students had relatively higher physics-related self-con-
cept and more interest in mechanics and particle physics, respectively, compared to type SC; (compris-
ing groups 1sc and 3sc) students.
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Table 31. Person measure means and standard deviations, minimum and maximum values of the stu-
dents’ physics-related self-concept for all types SC; and SC;

Physics-related self-concept types

Type SCi SC;
Group 1scand 3sc 2sc
Physics-related Mean (Standard
o -1.40 (2.00) 0.59 (1.56)
self-concept Deviation)
Rasch person measures Min — Max -6.16-5.10 -3.85-4.41
Interest in mechanics Mean (Standard Deviation) 0.32 (0.90) 0.63 (0.94)
Rasch person measures Min — Max -2.15-3.20 -1.88-3.71
Interest in particle physics | Mean (Standard Deviation) 0.34 (1.00) 0.78 (1.04)
Rasch person measures Min — Max -2.92-3.42 -2.36-3.92
Female Count (row %, 346 (64.1%, 56.6%) | 194 (35.9%, 49.7%)
Sex Male column %) 265 (57.5%, 43.4%) | 196 (42.5%, 50.3%)

Note: The Rasch person measures are listed in logit units. Lower and higher person measures represent
persons with less and more self-concept/interest, respectively. The person measures are estimated
based on the item measures in Rasch analysis.
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Figure 22. Boxplot with jitter of the students’ Rasch person measures in logit units indicating their de-
grees of physics-related self-concept for both (a) physics-related self-concept types and (b) female and
male students.

Discussion

Comparing the different calculated mixed Rasch models, | found that the students were best
described when categorised into three different groups. The two assessed aspects ‘self-perception of
ability” and ‘beliefs about the perception as a physics person by others’ differed in their (positive or
negative) effect on the student’s physics-related self-concept for the different groups. For group 2sc
students, both aspects were contributing in the same (positive or negative) way to the students’ phys-
ics-related self-concept; that is, the students expressed similar degrees of agreement to all items. Yet,
for group 1sc and 3sc students, the self-perception of ability contributed more positively to the students’
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physics-related self-concept compared to their beliefs about the perception as a physics person by oth-
ers; that is, both groups had an equivalent item hierarchy and expressed higher degrees of agreement
to ability self-concept items compared to perceived recognition items. As for the mechanics and particle
physics interest groups in the previous section, | argue that the students of groups 1sc and 3sc were
categorised into different groups despite their equivalent item hierarchies because they have different
response styles, for which their self-concept profiles (Figure 19) and their category probabilities (Figure
20) provide evidence. Group 1sc students used all the rating scale categories depending on the item,
especially the non-extreme categories, and thus, the thresholds are rather close together. Group 2sc
students tend to use rather the non-extreme categories and especially the category ‘agree’ equally
across all items. Hence, the thresholds are rather close together. Group 3sc students used the non-
extreme rating scale categories across all items, especially the category ‘disagree’. Hence, all thresholds
are very widely spaced, which resembles a NERS. The different response styles can also be seen in the
boxplots with jitter for the physics-related self-concept groups (Figure 21). The NERS of group 3sc can
be seen because the students’ person measures are evenly and widely spread around the mean. In
comparison, the person measures of groups 1sc and 2sc are also evenly spread but closer together.

In sum, | argue that since the students differ in their response style, they have been categorised
into the different groups 1sc and 3sc, although their item hierarchies are equivalent; that is, the students
express more (or less) agreement to the same items. Hence, | argue that 60% of the students can be
described in terms of one type of physics-related self-concept SC;, the type of students whose self-
perception of ability is more positive than their beliefs about the perception as a physics person by
others. In contrast, for students assigned to group 2sc both assessed aspects contribute equally to their
physics-related self-concept. These students can be described in terms of a second type of physics-
related self-concept SC,, the type of students who have matching self-perception of ability and beliefs
about the perception as a physics person by others. Type SC; students have higher mean physics-related
self-concept and interest in mechanics and particle physics, respectively, compared to type SC; students.

For assessing self-concept, a 4-category rating scale was used, whereas a 5-category rating scale
was used to assess interest. However, as for the interest groups it was possible to distinguish different
response styles using a mixed Rasch model. In contrast to the interest groups in mechanics and particle
physics, respectively, the ERS was not found for the self-concept groups. This may either be caused by
the different foci of the items (interest vs. self-concept) or by the different rating scale formats (5 vs 4
categories).

The definition of self-concept used in this study is broad and the assessed aspects are two-fold,
namely the self-perception of ability and the beliefs about the perception as a physics person by others.
The physics identity studies suggested that the perceived recognition (i.e. the beliefs about the
perception as a physics person by others) has a strong effect on the competency beliefs (i.e. the self-
perception of ability; Kalender et al., 2019b). My study adds to this finding by showing that for 60% of
the students, the type SCy, both aspects contribute differently to their physics-related self-concept; that
is, the students have a more positive self-perception of ability than beliefs about the perception as a
physics person by others. The remaining 40% of the students, the type SC,, have equivalent self-
perception of ability and beliefs about the perception as a physics person by others. Despite the
different contributions of the two aspects to the self-concept of the students assigned to the two self-
concept types, the Rasch model could be applied for all students. Hence, my instrument to measure
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self-concept was found to be unidimensional. This supports a broad definition of self-concept and
further contributes to the empirical background for assessing self-concept in future studies.

6.3.6. Physics-related self-concept — a better independent variable than sex?

In this section the results related to my research question about the comparison of physics-
related self-concept with sex as an independent variable when analysing students’ interest are dis-
cussed. RQ9 asked ‘To what extent is physics-related self-concept a better independent variable than
sex for distinguishing between different types of interest in mechanics and in particle physics?’. The
hypothesis for this research question is that the interest types are described better, when using physics-
related self-concept instead of gender sex as an independent variable. This hypothesis is based on pre-
vious studies which suggested that interest and physics-related self-concept are associated with one
another (Godwin et al., 2016; Hauller, Lehrke, et al., 1998; Kalender et al., 2019a). To answer this re-
search question, | investigated the relationship between the students’ interest in physics, physics-re-
lated self-concept, and sex using independent-samples t-tests, as well as linear and logistic regression
analyses.

Results

At first, | prepared the dataset for such multivariate analyses. | had already excluded 28 stu-
dents because of person measure misfit during the mechanics interest analysis (Section 6.3.2.i.), 39
students because of person measure misfit during the particle physics interest analysis (Section
6.3.2.ii.), and 73 students because of person measure misfit during the physics-related self-concept
analysis (Section 6.3.5.). Since there was some overlap (i.e. some students were excluded because of
more than one fit evaluation), | had excluded in total 115 students (i.e. the sample size for further
analysis was N = 1072 students). Then, | evaluated multivariate outliers of this sample using the Ma-
halanobis distances. A value less than 0.001 for the probability that a value from the chi-square distri-
bution with the same degrees of freedom will be less than the Mahalanobis distance indicates a multi-
variate outlier. Following this cut-off value, | excluded three more students from further analysis (i.e.
the sample size for further analysis was N = 1069 students). Finally, | excluded 68 students from the
data because they did not indicate their sex. The sample size for further analyses is N..¢ = 1001 students
(540 female, 54%; 461 male, 46%).

Moreover, | added the students’ most probable interest type in mechanics and particle physics,
respectively, as well as the most probable self-concept type as new variables to the dataset. These new
variables are a recoding of the most probable interest group. For mechanics, students coded as most
probable interest group 1u, 2m, or 3m were combined to one interest type and recoded as most proba-
ble interest type Ms, and students coded as 4u were recoded as most probable interest type M,. For
particle physics, students coded as most probable interest group 1ee Or 2pp were combined to one in-
terest type and recoded as most probable interest type PP1, and students coded as 3pr were recoded
as most probable interest type PP,. For physics-related self-concept, students coded as most probable
self-concept group 1sc or 3sc were combined to one self-concept type and recoded as most probable
self-concept type SC;, and students coded as 2sc were recoded as most probable self-concept type SC..

Following this data preparation, | could calculate the different logistic regression models. The
dependent variable is the student’s most probable type assignment. The independent variables are the
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Table 32. Regression models analyses of the interest types in mechanics (2 types, reference type is 1m).
***¥0<0.001, **p <0.01, *p <0.05 | Bis the correlation coefficient, SE is the standard error, OR is the
odds ratio, Cl is confidence interval, and df is the degrees of freedom.

Model A (df=2) ‘ B (df=1) C (df=1)
OR [95% OR [95% OR [95%
Measure B (SE) B (SE) B (SE)
Cl] Cl] Cl]
2.778%** 2.146%** 2.610%**
Constant 16.079 8.547 13.595
(0.191) (0.132) (0.170)
Person measure
self-concept
0.658 0.619
Self-concept -0.418* -0.480*
tvpe (1) (0.105) [0.449, (0.191) [0.425, - -
R ' 0.965] ' 0.901]
0.315 0.307
-1.157%** -1.179%**
Sex (female) [0.209, - - [0.205,
(0.208) (0.207)
0.473] 0.461]
Correctly classi-
. 87.4% 87.4% 87.4%
fied cases
Nagelkerke’s R? 0.074 0.012 0.066
Likelihood ratio
40.126*** 6.235* (0.013) 35.560***
test
Model D (df=3) | E (df=2) F (df=2)
OR [95% OR [95% OR [95%
Measure B (SE) B (SE) B (SE)
Cl] Cl] Cl]
2.597%** 1.953*** 2.504***
Constant 13.428 7.050 12.228
(0.204) (0.141) (0.173)
1.128 1.185 1.152
Person measure 0.120* 0.170%** 0.142**
[1.013, [1.068, [1.047,
self-concept (0.055) (0.053) (0.049)
1.256] 1.315] 1.268]
0.824 0.849
Self-concept -0.194 -0.164
type (1) (0.219) [0.537, (0.213) [0.559, ) )
YP ' 1.265] ' 1.290]
0.340 0.341
-1.080*** -1.075***
Sex (female) [0.225, - - [0.226,
(0.211) (0.211)
0.513] 0.516]
Correctly classi-
. 87.4% 87.4% 87.4%
fied cases
Nagelkerke’s R? 0.083 0.031 0.081
Likelihood ratio
- 44,947 ** 16.528*** 44,162%**

cont.
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Model G (df=1) |

OR [95%
Measure B (SE)
Cl]
1.876***
Constant 6.528
(0.096)
1.206
Self-concept 0.187*** 1.098
person measure | (0.048) 7
1.324]
Self-concept
type (1)
Sex (female) - -
Correctly classi-
. 87.4%
fied cases
Nagelkerke’s R? 0.030
Likelihood ratio
15.940%***
test

student’s physics-related self-concept (continuous Rasch measures and categorical most probable
group assignment obtained from the mixed Rasch analysis) and sex (categorical). In total, | calculated 7
regression models regarding each content area. Each regression model comprised a different combi-
nation of independent variables. To compare the models, | used the Likelihood ratio test, the
Nagelkerke’s R%, and the percentage of correctly classified cases.

Table 32 lists the results of these analyses for interest in mechanics. The simplest best fitting
model (F) in comparison to the baseline model included the students’ Rasch person measure indicating
their physics-related self-concept (continuous) and their sex (categorical) as significant independent
variables for interest type assignment in mechanics (Chi-squared=44, p=<0.001, df=2). This model fit
the data better than model D, although model D had a slightly higher Chi-squared value, because model
D included an additional independent variable (categorical self-concept) which did not significantly con-
tribute to the model. Hence, model F was the simplest best fitting model including only variables that
were significantly contributing to the model. Model F could correctly assign 87% of the cases to their
mechanics interest type. The odds ratio that a female student is in type 2y was OR=0.34. Since sex is a
categorical variable, | could calculate the relative risk corresponding to this odds ratio®3. This relative
risk was RR=0.39 which means that female students were 61% less likely to be in type 2m. The odds
ratio that a student is in type 2y for a student with higher self-concept values was OR=1.2; that is, for a
one-unit increase in self-concept, the odds of being in type 2m increase by the factor 1.2. This means
that students with higher self-concept values were more likely to be in type 2w. Since this is the contin-
uous self-concept variable, | could not calculate the relative risk corresponding to this odds ratio.

Table 33 lists the results of these analyses for interest in particle physics. The best fitting model
(F) in comparison to the baseline model (Chi-squared=100, p<0.001, df=2) included the students’

33 RR=0.341-(0.341-1)*(37/540)=0.386
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Table 33. Regression models analysis of the Rasch person measures for interest in particle physics (2
types, reference is type 1pp). ***p < 0.001, **p < 0.01, *p < 0.05 | B is the correlation coefficient, SE is
the standard error, OR is the odds ratio, C/ is confidence interval, and df is degrees of freedom.

Model A (df=2) B (df=1) C (df=1)
OR [95% OR [95% OR [95%
Measure B (SE) B (SE) B (SE)
Cl] Cl] Cl]
2.358%** 1.692%** 2.079%**
Constant 10.570 5.432 8.000
(0.159) (0.112) (0.137)
Self-concept per-
son measure
0.515 0.493
Self-concept -0.663*** -0.7Q7%***
type (1) (0.164) [0.373, (0.159) [0.361, )
TE ' 0.711] ' 0.674]
0.291 0.284
-1.236%** -1.260%***
Sex (female) [0.208, - - [0.203,
(0.172) (0.170)
0.407] 0.396]
Correctly classi-
. 79.9% 79.9% 79.9%
fied cases
Nagelkerke’s R? 0.115 0.031 0.091
Likelihood ratio
75.872%** 19.662%** 59.564***
test
Model D (df=3) E (df=2) F (df=2)
OR [95% OR [95% OR [95%
Measure B (SE) B (SE) B (SE)
Cl] Cl] Cl]
2.039%** 1.400%** 1.924***
Constant 7.679 4.056 6.848
(0.167) (0.118) (0.139)
1.272 1.330 1.306
Self-concept per- | 0.241*** 0.285%** 0.267***
[1.158, [1.214, [1.199,
son measure (0.048) (0.046) (0.043)
1.398] 1.456] 1.422]
0.789 0.815
Self-concept -0.237 -0.204
type (1) (0.184) 10.551, (0.178) [0.575, )
up ' 1.131] ' 1.156]
0.331 0.333
-1.106%** -1.100***
Sex (female) [0.235, - - [0.236,
(0.175) (0.174)
0.466] 0.468]
Correctly classi-
. 80.7% 80.0% 81.2%
fied cases
Nagelkerke’s R? 0.153 0.091 0.151
Likelihood ratio
102.094%*** 59.479%** 100.435%**

test

cont.
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Model | G (df=3)
Measure B (SE) OR [95% Cl]
1.304%**
Constant 3.683
(0.081)
1.359
Self-concept per- | 0.306*** (1251
son measure (0.042) T
1.476]
Self-concept type
(1)
Sex (female) - -
Correctly classi-
) 80.1%
fied cases
Nagelkerke’s R? 0.089
Likelihood ratio
58.167***
test

physics-related self-concept (continuous Rasch person measure) and their sex (categorical) as signifi-
cant independent variables for interest group assignment in particle physics. This model could correctly
assign 81% of the cases to their particle physics interest type. The odds ratio that a female student is in
type 2pp was OR=0.33. Again, since sex is a categorical variable, | could calculate the relative risk corre-
sponding to this odds ratio*; that is, RR=0.26. This means that female students are 74% less likely to
be in type 2pp. The odds ratio that a student is in type 2pp for a student with lower self-concept vales
was OR=1.3. That is, for a one-unit increase in self-concept, the odds of being in type 2u increase by
factor 1.3. This means that students with higher self-concept values were more likely to be in type 2pp.
Since this is the continuous self-concept variable, | could not calculate the relative risk corresponding
to this odds ratio.

Next, | performed an independent’s sample t-test to check whether there is a significant differ-
ence in mean self-concept between female and male students. First, | conducted this analysis for the
full sample. The Levene’s test did not show a significant difference; that is, equal variances for female
and male students are assumed. | found that female students had a significantly lower physics related
self-concept (-1.00 + 2.04 logits) compared to male students (-0.19 + 2.04 logits), t(999)=6.27,
p=<0.001. This is a small effect (dc=0.4, 95% CI [0.27, 0.52]).

Second, | conducted this analysis separately for the two self-concept types, the type SC; con-
sisting of the groups 1sc and 3sc and the type SC; consisting of the group 2sc. For both types, the Levene’s
test did not show a significant difference; that is, equal variances for female and male students are
assumed. For the first type SC;, | found that female students had significantly lower physics related self-
concept (-1.70 + 1.98 logits) compared to male students (-1.02 + 1.96 logits), t(609)=4.18, p=<0.001.
This is a small effect (dc=0.3, 95% CI [0.18, 0.50]). For the second type SC,, | also found that female
students had statistically significant, lower physics related self-concept (0.24 + 1.50 logits) compared

3 RR=0.333 -(0.333 -1)*(60/540)=0.259
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to male students (0.94 + 1.54 logits), t(388)=4.53, p=<0.001. This is a medium-sized effect (dc=0.5,
95% CI [0.26, 0.66]).

Third, | conducted this analysis separately for the two mechanics interest types, the type M1
consisting of the groups 1wm, 2m, and 3y and the type M, consisting of the group 4m. For both types, the
Levene’s test did not show a significant difference; that is, equal variances for female and male students
are assumed. For the type My, | found that female students had significantly lower physics related self-
concept (-1.02 + 2.03 logits) compared to male students (-0.32 + 1.95 logits), t(873)=5.10, p=<0.001.
This difference translates into a small effect (dc=0.3, 95% C/ [0.21, 0.48]). For the type M,, | also found
that female students have a significantly lower physics-related self-concept (-0.71 £ 2.17 logits) com-
pared to the male students’ physics-related self-concept (0.38 + 2.31 logits), t(124)=2.45, p=0.016. This
is a medium-sized effect (dc=0.5, 95% C/ [0.09, 0.87]).

Finally, | conducted this analysis separately for the two particle physics interest types, type PP
consisting of the groups 1pe and 2pp and the type PP, consisting of the group 3ep. For the type PP4, the
Levene’s test did not show a significant difference; that is, equal variances for female and male students
are assumed. | found that female students had significantly lower physics related self-concept
(-1.05 + 2.00 logits) compared to male students (-0.61 + 1.92 logits), t(798)=3.05, p=0.002. This is a
small effect (dc=0.2, 95% C/ [0.08, 0.36]). For the type PP,, the Levene’s test showed a significant differ-
ence (p=0.045); that is, equal variances for female and male students are not assumed and the degrees
of freedom are adjusted. | found a statistically significant difference between the female students’ phys-
ics-related self-concept (-0.63 * 2.35 logits) compared to the male students’ physics-related self-con-
cept (0.77 £ 1.97 logits), t(96.206)=4.07, p=<0.001. This is a medium-sized effect (d=0.7, 95% Cl [0.36,
0.98]).

Interestingly, for all the above analyses, the difference in physics-related self-concept between
female and male students within the types with higher mean interest translate into a bigger effect than
in the other type.

In addition, | performed a linear regression/correlation analysis to examine the association be-
tween the students’ self-concept and their interest in mechanics or particle physics, respectively, for
the full sample. The correlations between self-concept and interest in mechanics and particle physics,
respectively, were similar (rwsc=0.38, 95% Cl [0.32,0.43], p=<0.001; repsc=0.47, 95% Cl [0.42,0.52],
p=<0.001). This similarity can also be seen in the scatterplot showing the students’ Rasch person
measures indicating their degrees of interest in mechanics versus their degrees of physics-related self-
concept (Figure 23) and in the scatterplot showing the students’ Rasch person measures indicating
their degrees of interest in particle physics versus their degrees of physics-related self-concept (Figure
24).

Then, | performed a linear regression/correlation analysis to check whether the association be-
tween the students’ self-concept and their interest in mechanics or particle physics, respectively, differs
between female and male students within the different interest types. First, | found that for the me-
chanics type M3, comprising the groups 1m, 2m, and 3w, the correlation is similar for both female and
male students (v sc1=0.39, 95% Cl [0.31,0.46], p=<0.001; rmscim=0.41, 95% Cl [0.32,0.49], p=<0.001).
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Rasch person measures
Interest in mechanics vs. physics-related self-concept
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Figure 23. The students’ Rasch person measures in logit units indicating their degrees of interest in
mechanics versus their degrees of physics-related self-concept. The colour coding indicates to which
mechanics interest type a person was assigned.

Rasch person measures
Interest in particle physics vs. physics-related self-concept
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Figure 24. The students’ Rasch person measures in logit units indicating their degrees of interest in
particle physics versus their degrees of physics-related self-concept. The colour coding indicates to
which particle physics interest type a person was assigned.

The same is true for mechanics type M,, comprising the group 4wm (rmsc2s =0.35, 95% Cl [0.02,0.60],
p=0.036; rmscom=0.34, 95% ClI [0.14,0.51], p=0.001). Second, | found that for the particle physics type
PP, that is the groups 1pe and 2pp, the correlation is similar for both female and male students
(rep,sc,1/=0.42, 95% ClI [0.35,0.50], p=<0.001; rpp,sc,1m=0.38, 95% Cl [0.28,0.47], p=<0.001). The same is
true for particle physics type PP,, that is the group 3pp (rpesc2=0.44, 95% Cl [0.21,0.62], p=<0.001;
repsc2m=0.46, 95% Cl [0.32,0.58], p=<0.001).

In addition, | performed an independent samples t-test to check whether there is a significant
difference in mean interest in mechanics and particle physics, respectively, between female and male
students. First, | conducted this analysis for the full sample. For mechanics, the Levene’s test did not
show a significant difference; that is, equal variances for female and male students are assumed. | did
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not find a statistically significant difference between the female students’ mean interest in mechanics
(0.42 £ 0.93 logits) and the male students’ mean interest in mechanics (0.46 + 0.92 logits), p=0.568. For
particle physics, the Levene’s test showed a significant difference (p=0.040); that is, equal variances for
female and male students are not assumed and the degrees of freedom are adjusted. | found a statis-
tically significant difference between the female students’ mean interest in particle physics
(0.38 + 0.98 logits) and the male students’ mean interest in particle physics (0.67 = 1.09 logits),
t(934.550)=4.36, p=<0.001. This is a small effect (dc=0.3, 95% CI [0.27, 0.52]).

Second, | conducted this analysis separately for the two mechanics interest types M1 and M.
For both types, the Levene’s test did not show a significant difference; that is, equal variances for female
and male students are assumed. There was no statistically significant difference between the female
students’ mean interest in mechanics (type Mi: 0.44 + 0.95 logits, type M,: 0.23 £ 0.65 logits) compared
to the male students’ mean interest in mechanics (type Mi: 0.48 + 095 logits,
type M3: 0.34 £ 0.79 logits; p=0.465 and p=0.457, respectively).

Finally, | conducted this analysis separately for the two particle physics interest types. For both
types, the Levene’s test did not show a significant difference; that is, equal variances for female and
male students are assumed. For the first type PP;, there was no statistically significant difference be-
tween the female students’ mean interest in particle physics (0.29 + 0.95 logits) compared to the male
students’ mean interest in particle physics (0.31 + 0.94 logits), p=0.798. For the second type PP,, | found
a statistically significant difference between the female students’” mean interest in particle physics
(1.10+£0.92 logits) compared to the male students’ mean interest in particle physics (1.49 + 0.93 logits),
t(199)=2.67, p=0.008. This is a small effect (dc=0.4, 95% CI [0.11, 0.72]).

Discussion

First, a direct logistic regression analysis was performed. The dependent variable was the stu-
dents” most probable type assignment concerning their interest in mechanics and in particle physics,
that is, the joint description of the groups obtained from the mixed Rasch model as interest types (as
presented in Section 6.3.2.). The independent variables were the student’s physics-related self-concept
(continuous: Rasch measures, categorical: most probable type assignment) and sex (categorical).

The best fitting logistic regression models in comparison to the respective baseline model for
mechanics and particle physics, respectively, to distinguish between the two mechanics interest types
M; and M, and between the two particle physics interest types PPy and PP,, respectively, comprised
the students’ physics-related self-concept as a continuous Rasch person measure and their sex (cate-
gorical) as significant independent variables for type assighment (Table 32 and Table 33).

For mechanics, this model correctly assigned 87% of the cases. However, all models assigned
the same percentage of students correctly because they all assigned all cases to type M (‘Physics? Only
in certain contexts!’). This indicates that, in general, a logistic regression model may not be the best
choice for describing the data. The Nagelkerke R? of 0.08 provides further evidence that the model only
provided poor improvement in fit over the baseline model. The rule-of-thumb guideline says that mod-
els with R? values from 0 to 0.1 only provide a poor improvement of the fit in comparison to the baseline
model (Muijs, 2004). However, the models showed that female students are 61% less likely to be in the
second type of interest (i.e. the type M,, ‘students interested in physics relating to the motion of cars’)
compared to male students. Moreover, the odds to be in the type M; (‘students interested in physics
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relating to the motion of cars’) of a person with a one-unit increase in physics-related self-concept
increase by a factor 1.2. Since (to my knowledge) it is not possible to calculate the probability of a one-
unit increase on a continuous scale, | could not calculate the relative risk from the odds ratio. Since the
odds ratio does not provide sound information about the strength of this positive relationship, | can
only conclude that as the students’ physics-related self-concept increased, their odds of being assigned
to type My in mechanics increased.

For particle physics, this model correctly assigns 81% of the cases. This is the best percentage
of correctly assigned students compared to the other models. When all cases are assigned to type PP,
(‘Physics? Only in certain contexts!’), a percentage of 80% is correctly assigned; that is, the improve-
ment of correctly assigned students is 1%. This indicates that, in general, a logistic regression model
may not be the best choice for describing the data. The Nagelkerke R? of 0.15 provides further evidence
that the model only provided modest improvement in fit over the baseline model. The rule-of-thumb
guideline says that models with R? values from 0.1 to 0.3 only provide a modest improvement of the fit
in comparison to the baseline model (Muijs, 2004). However, the models showed that female students
are 74% less likely to be in the second type of interest (i.e. the type PP,, ‘particle physics lovers’) com-
pared to male students. Moreover, the odds to be in the type PP, (‘particle physics lovers’) of a person
with a one-unit increase in physics-related self-concept increase by factor 1.3. Again, | could not calcu-
late the relative risk from the odds ratio, and | can only say that as the students’ physics-related self-
concept increased, their odds of being assigned to type PP, in particle physics increased.

In sum, for both content areas, a logistic regression model comprising the physics-related self-
concept as a continuous variable in addition to sex described the data better than a model comprising
sex alone, each compared to the corresponding baseline model. Considering the large differences in
amount of female and male students in the mechanics type M; (‘students interested in physics relating
to the motion of cars’) and the particle physics type PP, (‘particle physics lovers’), it is remarkable that
the physics-related self-concept significantly contributed to the respective models, that is, the model
was significantly better than if the variable ‘physics-related self-concept’ was 0. Hence, | argue that
logistic regression models provided evidence that the physics-related self-concept is an important in-
dependent variable for describing students’ interest. However, the interpretability of odds ratios in lo-
gistic regression models is limited to the direction of the effect as the effect size cannot be interpreted
in a sound manner. Moreover, to my knowledge, it is not possible to calculate the probabilities of a
one-unit increase on a continuous variable, and hence to calculate the relative risk. Due to these limi-
tations, it was not possible to compare the effect sizes between the categorical variable sex and the
continuous variable physics-related self-concept using logistic regression models in my study. It would
have been possible to draw conclusion about which variable is better than the other using a logistic
regression models, if, for example, the model that only comprises the physics-related self-concept was
significantly better than the one only comprising sex, each compared to the baseline model.

| argue that sex was a significant variable because there is an uneven distribution of sexes for
the interest type My (‘students interested in physics relating to the motion of cars’) in mechanics and
PP, (‘particle physics lovers’) in particle physics. There were more male than female students belonging
to this type and the students’ mean physics-related self-concept was higher. Since students with higher
physics-related self-concept were rather male than female, it is not surprising that both independent
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variables ‘physics-related self-concept’ and ‘sex’ were significant when the number of male and female
students is very unequal.

The students’ characteristics for the different physics-related self-concept types were de-
scribed in Table 31. Self-concept type SC; students had on average higher physics-related self-concept
and both aspects ‘self-perception of ability’ and ‘beliefs about the perception as a physics person by
others’ contributed equally positive (or negative) to their physics-related self-concept. Self-concept
type SC; students had on average lower physics-related self-concept and their self-perception of ability
contributed more positively to their physics-related self-concept than their beliefs about the perception
as a physics person by others. Moreover, | investigated the assignment of the different interest types
to the different self-concept types (Table 19 and Table 23). | found that the students of interest type
M in mechanics and PP in particle physics (‘Physics? Only in certain contexts!’) rather belonged to the
type SCyin self-concept. The students of interest type M, (‘students interested in physics relating to the
motion of cars’) in mechanics and PP, (‘particle physics lovers’) in particle physics equally belonged to
the self-concept types SC; and SC,. Hence, | argue that the categorical self-concept type was not statis-
tically significant in the logistic regression models because both self-concept types were rather equally
assigned to both interest types concerning both content areas.

In sum, | argue that the logistic regression model did not provide evidence that the students’
physics-related self-concept is a better independent variable for distinguishing between the two inter-
est types concerning both content areas, that is, between the first type M1 and PP (‘Physics? Only in
certain contexts!’) and the second type M, in mechanics (‘students interested in physics relating to the
motion of cars’) and PP in particle physics (‘particle physics lovers’), respectively. Both variables, sex
and continuous Rasch person measures indicating the students’ degrees of self-concept, were signifi-
cantly improving the model (compared to a model where these variables are 0). This contrasts with my
hypothesis that physics-related self-concept is a better independent variable than sex. To learn more
about the relationship between interest, self-concept, and sex, | additionally calculated different t-tests,
correlation coefficients, and linear regression models.

First, | analysed whether female and male students significantly differ in their mean physics-
related self-concept using t-tests. In general, female students had a lower mean physics-related self-
concept than male students. Overall, this difference in mean self-concept translated into a small effect.
However, separate analysis for the self-concept types showed that the effect was small for type SC,
(both aspects ‘self-perception of ability’ and ‘beliefs about the perception as a physics person by others’
are equivalent) but medium-sized for type SC, (‘self-perception of ability’ is more positive than ‘beliefs
about the perception as a physics person by others’). Similarly, in the separate analysis for the mechanics
and particle physics interest types, the effect was small for the types M1 and PP; (‘Physics? Only in
certain contexts!”) but medium-sized for the type M, in mechanics (‘students interested in physics
relating to the motion of cars’) and PP, in particle physics (‘particle physics lovers’), respectively. It is
remarkable that the differences between the sexes were more pronounced in the types with higher
mean physics-related self-concept (SC,, M,, PP,). This provides evidence that the differences are
especially pronounced when focusing on the students with high levels of physics-related self-concept,
whereas for most students these differences are comparatively less pronounced. This finding is
somewhat surprising and suggests that in the types of students with higher mean self-concept, the sex
differences are even more pronounced. Similarly, Buccheri et al. (2011) analysed the PISA 2006 data of
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four different countries and found that ‘female high-performers have a significantly lower [ability] self-
concept in sciences than their male colleagues’.

Second, | investigated whether the association between self-concept and interest in mechanics
and particle physics, respectively, is different between female and male students within the different
interest types using a linear regression/correlation analysis. However, for both sexes in all types the
correlation coefficients between self-concept and interest were similar and in the range of the com-
monly reported coefficient of r;sc = 0.4 (e.g. Woithe, 2020). This finding shows that although there were
significant differences in the mean self-concept values of female and male students, the association
between self-concept and interest was similarly strong for both sexes; that is, for both sexes, the self-
concept was equally associated with interest. Accordingly, it is not surprising that when female students
have a lower mean self-concept, they also have a lower mean interest compared to male students.
Hence, | conclude that the key to fostering female students’ interest is helping them develop a more
positive physics-related self-concept; that is, programmes aiming at fostering interest should foster
self-concept at the same time.

Third, | investigated whether there is a significant difference in mean interest in mechanics and
particle physics, respectively, between female and male students using t-tests. For mechanics, | did not
find a statistically significant difference, neither for the full sample nor for the different mechanics in-
terest types. This is the same for particle physics, except for the type PP, (‘particle physics lovers’). For
this type, | found a statistically significant difference between the female and male students’ mean
interest in particle physics translating into a small effect. This is also a remarkable finding because it
shows that for most students there was no significant difference in mean interest associated with their
sex. Yet, concerning the content area ‘particle physis’ and the type of students referred to as ‘particle
physics lovers’ (PP,), there is a statistically significant lower interest of female students compared to
male students. This provides evidence that there are no differences in mean interest between the sexes
of all students concerning mechanics and of the vast majority of students (i.e. type PP1, ‘Physics? Only
in certain contexts!’, 79% of students) concerning particle physics. Only when focusing on the students
with higher mean interest in particle physics (i.e. type PP,, ‘particle physics lovers’, 21% of students),
male students had a significantly higher interest than female students. This finding contrasts with our
hypothesis that particle physics is equally and highly interesting for all students. Yet, it also provides
evidence that (apart from this exception) there were no significant differences in mean interest be-
tween the sexes overall.

In sum, using t-tests | found that the difference in mean interest between the sexes is only
significant for the particle physics lover type of students concerning the content area ‘particle physics’.
The association between self-concept and interest was found to be similar for all students of all types
in both content areas using linear regression/correlation analyses. Yet, | found that the mean self-con-
cept significantly differs between the sexes, with girls having lower mean self-concept. This effect was
relatively larger for the types (concerning self-concept, mechanics interest, and particle physics inter-
est, respectively), which have the higher mean physics-related self-concept (i.e. types SC;, M3, PP3).
These results combined provide evidence that the students differ in their degrees of interest because
of their differences in physics-related self-concept. Yet, the physics-related self-concept significantly
differs for female and male students. Hence, | argue that the direct association between sex and inter-
est is less descriptive for the students’ interest than the association between sex and physics-related
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self-concept because self-concept itself is similarly associated with interest for all students. The results
of these analyses provide evidence that the association of sex and interest is mediated via self-concept.
Similarly, Kalender et al. (2019b) have shown using structural equation modelling that gender has a
significant effect on perceived recognition, which in turn has an effect on interest. Moreover, they
showed that (1) self-efficacy and belonging and (2) physics identity and interest are strongly aligned
and do not factor out separately for either gender (Kalender et al., 2019a). There was one exception,
namely, for female students the perceived recognition (i.e. external identity) item ‘My TA or instructor
see me as a physics person’ loads strongly with the factor ‘self-efficacy or belonging’ instead of ‘interest
or identity’ (Kalender et al., 2019a). That is, female students’ perceived recognition by their TA or in-
structor is closely linked to their self-efficacy and sense of belonging in a physics classroom (Kalender
et al.,, 2019a). They also showed that perceived recognition has an effect on competency beliefs (Kal-
ender et al., 2019b). Moreover, Godwin et al. (2016) showed that competency beliefs have a very large
direct effect on interest and on perceived recognition. However, in my study perceived recognition (i.e.
beliefs about the perception as a physics person by others) and competency beliefs (i.e. self-perception
of ability) were combined as self-concept. Nevertheless, it is remarkable that also in the study by Kal-
ender et al. (2019b), the effect of gender was mediated by perceived recognition. Hence, | argue that
a focus on the students’ sex for describing their interest is not sufficient, instead both variables ‘sex (or
gender)” and ‘self-concept’ should jointly be discussed when describing the students’ interest in physics.

6.3.7. Previous experience with the content areas in school — does it matter?

In this section the results related to my research question about the students’ previous experi-
ence with the content areas in school are discussed. RQ10 asked ‘To what extent does the students’
previous experience with the content areas in school affect their expressed interest in these content
areas?’. The hypothesis for this research question was that the students’ expressed interest in the con-
tent areas changes depending on their previous experiences with it in school. | investigated to what
extent the students’ previous experience with the content areas affects their expressed interest in
these content areas using an analysis of the mean individual experience differences and one-sample t-
tests, as well as linear regression analyses and independent-samples t-tests.

Results

First, | calculated a Rasch model for students’ (1) previous experience with mechanics in school
and (2) previous experience with particle physics in school. Table 34 lists the items sorted by their item
measure, that is, how much experience the students reported to each content, for both item sets. One
can see that regarding mechanics the students reported relatively more previous experience in the
contents ‘force’, ‘velocity’, and ‘energy of motion’, and less in the contents ‘pulley’, ‘oump’, and ‘lifting
platform’. Regarding particle physics they reported relatively more previous experience in the contents
‘electron’, ‘nucleus space’, and ‘speed of light’, and less in the contents ‘particle accelerator’, ‘the big
bang’ and ‘particle detector’.
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Table 34. Items, item measures, and corresponding standard errors (SE) for students’ previous experi-
ence in school regarding mechanics and particle physics, respectively.

Mechanics Measure | SE Particle Physics Measure | SE

lifting platform 1.03 0.04 particle detector 0.9 0.04

pump 0.95 0.04 the big bang 0.57 0.04

pulley 0.67 0.03 | particle accelerator 0.48 0.04

braking distance 0.1 0.03 | elementary particles 0.1 0.03

energy of motion -0.74 0.03 speed of light -0.42 0.03

velocity 0.04 nucleus space -0.59 0.03
force 0.04 electron !E

Note: The Rasch item measures and standard errors are listed in logit units. Lower and higher item
measures represent items regarding which students report less and more experience, respectively. The
mean item measure of each group is set to zero in mixed Rasch analysis. The items are ordered accord-
ing to their measures. The colour scale represents the degree of reported experience; dark blue is the
item regarding which the most experience was reported and dark red is the item regarding which the
least experience was reported.

When conducting a Rasch analysis, an evaluation of the obtained item and person measures is
crucial as it provides further evidence for the quality of the chosen model. First, | evaluated the Rasch
item measures regarding previous experience with mechanics in school. | found that all items fit well
(Z2Q values ranging from -0.31 to 1.24) except for the item ‘lifting platform’ (ZQ = -2.13). | argue that
this is because ‘lifting platform’ is the item with the highest item measure; that is, the students reported
the least previous experience with the content ‘lifting platform’. Hence, it may not seem to fit well to
the one-dimensional trait ‘previous experience with mechanics’. However, mechanics is a broad con-
tent area comprising many different contents (cf. Linacre (2020) about mathematics as a broad do-
main). Second, | evaluated the Rasch item measures in previous experience regarding particle physics
in school. | found that some items fit well (ZQ values ranging from -1.82 to 1.87), whereas other items
do not fit well, namely ‘particle detector’ (ZQ = -3.56), ‘particle accelerator’ (ZQ =-2.00), and ‘electron’
(ZQ =2.44). 1 argue that this is because ‘electron’ is the item with the lowest item measure, that is, the
students reported the highest previous experience with the content ‘electron’. Similarly, the contents
‘particle accelerator’ and ‘particle detector’ both have relatively high item measure; that is, the stu-
dents reported rather low previous experience with these contents. Hence, these three contents may
not seem to fit well to the one-dimensional trait ‘previous experience with particle physics’. However,
particle physics is a broad content area comprising many different contents (cf. Linacre (2020) about
mathematics as a broad domain). In sum, despite the reported item misfits, the data supported one
trait, previous experience with the content area in school, for all groups, that is, the measurement in-
struments about students’ (1) previous experience with the mechanics in school and (2) previous expe-
rience with particle physics in school are unidimensional. Then, | evaluated the Rasch person measures
for the students’ previous experience. | investigated the Rasch person fit and excluded those students
from further analysis, whose newfit 1 and/or 2 value was << —3 or > 3 or for who no newfit values
were calculated. Concerning previous experience with mechanics, | excluded 20 students from further
analyses, and concerning previous experience with particle physics, | excluded 40 students. Since there
was some overlap (i.e. some students were excluded because of both fit evaluations), | excluded in total
56 students (i.e. the sample size for the analysis presented in this chapter was N = 945 students).
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First, | analysed in which content area mechanics or particle physics the students have overall
more previous experience in school by investigating the individual differences in Rasch person
measures. | analysed the means of the individual differences in Rasch person measures (experience in
mechanics minus experience in particle physics). To check whether the means of the individual differ-
ences in Rasch person measures are significantly different from 0, | conducted a one-sample t-test.

For the full sample, the mean difference (M=0.3555, 95% Cl| = [0.2974, 0.4135]) was signifi-
cantly higher than 0, t(944)=12.018, p=<0.001. This difference translates into is a small effect (dc=0.39,
95% CI [0.325, 0.457]).

| also conducted this analysis separately for the mechanics interest types. For type Mj, the
mean difference (M=0.3641, 95% Cl = [0.3020, 0.4263]) was significantly different from O,
t(826)=11.498, p=<0.001. This difference translates into a small effect (dc=0.40, 95% Cl [0.329, 0.471]).
For type My, the mean difference (M=0.2949, 95% Cl = [0.1307, 0.4591]) was significantly higher than
0, t(117)=3.557, p=<0.001. This is a small effect (dc=0.33, 95% Cl [0.142, 0.512]).

Then, | conducted this analysis separately for the particle physics interest types. For type PP,
the mean difference (M=-0.3433, 95% Cl| = [0.2796, 0.4070]) was significantly higher than O,
t(756)=-10.584, p=<0.001. This difference translates into a small effect (dc=0.39, 95% Cl [0.311, 0.458]).
For type PP,, the mean difference (M=0.4046, 95% Cl = [0.2642, 0.5449]) was significantly higher than
0, t(187)=5.688, p=<0.001. This difference translates into a small effect (dc=0.42, 95% CI [0.265, 0.563]).

In addition, | performed an independent-samples t-test to check whether there is a significant
difference in previous experience in school concerning the content areas between the students as-
signed to the two interest types in mechanics and particle physics, respectively. For mechanics, the
Levene’s test did not show a significant difference (p=0.094); that is, equal variances for students in
type M; and M; are assumed. | found that the students’ mean experience in school with mechanics for
type M; students (-0.31 = 0.73 logits) was significantly lower than for type M, students
(-0.14 + 0.83 logits), t(943)=2.298, p=0.022. This difference translates into a small effect
(de=-0.23, 95% CI [-0.419, -0.033]). For particle physics, the Levene’s test did not show a significant
difference (p=0.093); that is, equal variances for students in type PP; and PP, are assumed. | did not
find a significant difference between the students’ mean experience with particle physics of type PP,
students (-0.65 + 0.82 logits) compared to type PP, students (-0.58 + 0.90 logits), t(943)=1.107, p=0.269.

| also performed a linear regression/correlation analysis to investigate the association between
the students’ interest in mechanics and particle physics, respectively, and their previous experience
with these content areas in school.

First, | conducted this analysis for the full sample. | found that the correlation between the
students’ interest in and previous experience with mechanics is rye=0.15 (95% CI [0.09,0.21],
p=<0.001). The correlation between the students’ interest in and previous experience with particle
physics is rppe=0.16 (95% Cl [0.09,0.22], p=<0.001)

Second, | investigated whether this association is different for the students assigned to differ-
ent interest types. | found that the correlation for the mechanics interest type Mi is rme1=0.16
(95% Cl [0.10,0.23], p=<0.001) and for mechanics interest type My is rm,=0.13, 95% Cl [-0.05,0.30],
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p=0.166). Second, | found that the correlation for the particle physics interest type PPy is rppe1=0.19
(95% CI [0.12,0.26], p=<0.001) and for the particle physics interest type PP, is rppe>=0.03
(95% Cl [-0.11,0.18], p=0.655).

Discussion

First, | analysed regarding which content area (mechanics or particle physics) the students re-
port overall more previous experience in school. | investigated the individual differences in Rasch per-
son measures indicating the students’ degrees of previous experience. Using one-sample t-tests, | ana-
lysed whether the means of the individual differences in Rasch person measures significantly differ from
0. I found that, on average, the students reported significantly more previous experience in mechanics
than in particle physics. This is also the case when analysing the different interest groups individually.

Then, | calculated independent samples t-tests separately for both content areas to check
whether the students’ assigned to the different interest types differ in their previous experience in
school. It is remarkable that the students assigned to type M (‘Physics? Only in certain contexts!’) re-
ported significantly lower previous experience in mechanics than the students assigned to type M,
(‘students interested in physics relating to the motion of cars’). | argue that the students aged 14 to 16
years may have already been forced to decide on or against physics during their educational path. Thus,
part of the students indeed has more previous experience in school with mechanics than others be-
cause of the differing choices that they have made. The students may have decided on physics based
on their interest; that is, the students who are interested in physics decide on physics. Similarly, Maltese
et al. (2014) point towards a ‘selection bias where those who are already interested seek out more
coursework’. | argue that students who are interested in technical objects, such as cars, are more likely
to decide on physics, as physics is often presented in school in relation to technical objects. Most of the
students that participated in the study were from Austrian secondary school and in grade 9. Typically,
in Austria, students who have decided on physics have physics lessons in grade 9, which is not the case
for students who have decided against physics. In Austria, in the curriculum of grade 9 one term solely
focuses on mechanics. Thus, it seems plausible that students who were interested in the context ‘car’
also reported more previous experience with mechanics in school.

For particle physics, the two interest types PP, (‘Physics? Only in certain contexts!’) and PP,
(“particle physics lovers’) did not differ significantly in their previous experience with particle physics in
school. This finding is not surprising as particle physics is not yet established in the curricula for students
aged 14 to 16 years. This means that because of this lack of presence in school curricula the differences
in previous experiences with particle physics are little. Hence, the previous experience with particle
physics in school is equally little for all students. This also is supported by the findings of the comparison
of individual experience differences (one-sample t-test described above), which showed that all stu-
dents have, on average, more previous experience regarding mechanics than particle physics in school.

Moreover, | performed a linear regression/correlation analysis to investigate the association
between the students’ interest in mechanics and particle physics, respectively, and their previous ex-
perience with these content areas in school. | found a small positive correlation between interest and
previous experience for both content areas. When analysing the interest types separately, the correla-
tion was significant for most students, that is, for the type of students that is only interested in physics
set in certain contexts (type Mi concerning mechanics and PP; concerning particle physics).
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Interestingly, for the type M; (‘students interested in physics relating to the motion of cars’) and the
type PP, (‘particle physics lovers’) there was no significant correlation between the students’ interest
and their previous experience with the content area. Here, three explanations seem plausible. First, it
may be that the correlation is not significant because the sample sizes were smaller for the types M,
and PP, in comparison to M and PP1 (‘Physics? Only in certain contexts!’). Second, when students have
a well-developed dispositional interest in a certain aspect, such as the content area ‘particle physics’ or
the context ‘car’, the previous experience with the content area in school is less associated with the
interest expressed in an item referring to these aspects. Third, for students with a well-developed dis-
positional interest, their interest may rather be associated with previous out-of-school experience.

However, the observed significant correlations for these associations were rather small
(rm,e=0.15 and rppe=0.16), considering that the Pearson correlation coefficient ranges from -1 to 1. It is
remarkable, though, that the correlation values were similar for both content areas, which may provide
evidence that there is a non-negligible positive association between interest and previous experience
in school. First, as already outlined above the differences in previous experience may have resulted
from the students’ already made decision on or against physics during their educational path. That is,
more interested students may decide on physics, and hence have more previous experience in school
because of their curriculum. This explanation applies grade 9 students concerning the content area
‘mechanics’, but it does not apply to the content area ‘particle physics’, with which all students should
have equally little previous experience based on the curriculum. Nevertheless, considering that teach-
ers focus on different physics content more (or less) exhaustively and may also tackle extra-curricular
content, it is likely that students differ in their previous experiences with the content areas in school
regardless of the choices in their educational path. Hence, this positive association may also provide
evidence that the students’ previous experience and interest foster each other; that is, more interested
students making more previous experiences and more experienced students being more interested.

The theoretical and empirical literature mostly focuses on knowledge concerning a content area
instead of previous experience with it. | argue that previous experience with a content area in school
also provides a measure for knowledge as it can be regarded as an inevitable mediator for knowledge.
Yet, | did not assess or make an association of interest with the students’ knowledge concerning the
content areas. Neither did | assess the students’ out-of-school previous experiences with the content
area. Both would also be relevant for making a strong link to the theoretical and empirical background
on knowledge. However, a positive association between previous experience with or knowledge in a
content area and interest in it is in line with the theoretical background, such as the ‘Four-phase-model
of interest development’ (Hidi & Renninger, 2006), the ‘Expectancy-value theory of achievement
motivation’ (Eccles, 2009; Wigfield & Eccles, 2000) and the ‘Social cognitive career theory’ (Sheu et al.,
2010; Lent et al., 1994). An empirical longitudinal study by Hoft et al. (2019) showed that interest in
cognitively activating tasks or in tasks that involve the communication of knowledge (e.g. solving
theoretical problems, debating with or explaining something to classmates) is increasingly associated
with knowledge. Since my instrument also measures interest in specific content-context-task
combinations, | argue that my finding of a positive correlation between interest in a content area and
previous experience with it aligns with the findings by Hoft et al. (2019).
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6.4. Strengths, limitations, and directions for future research

This study investigated the students’ types of interest in mechanics and in particle physics and
their relation to the students’ characteristics sex, physics-related self-concept, and previous experience
with the content areas in school. Below | will describe the strengths and limitations of my study, as well
as directions for future research sorted thematically.

Selection and definition of the assessed constructs

One strength of my study is the careful selection and thorough definition of the assessed con-
structs. First, based on an extensive literature review, | decided on, discussed, and provided a precise
definition of interest considering the four aspects ‘content’, ‘context’, ‘task’, and ‘learning environ-
ment’. | decided on measuring interest in a content area using a set of items that present different
corresponding contents set in different contexts. This contrasts with other studies in which the items
are based on rather broad definitions of interest (i.e. relating to physics as a domain or subject). Alt-
hough the physics contents were additionally presented in a range of different tasks, the tasks were
not varied in an equally systematic manner as the contexts. That is, there were seven different contexts
represented by one or two items each, whereas the four different tasks were represented by one, two,
or seven items each. Moreover, | did not specify nor vary the learning environment in the items. These
are limitations of my study. Yet, it is a strength of my study that by using Rasch models | was perfectly
aligning my analysis methods with my theoretical background about the construct ‘interest’. In the
‘Person-object theory of interest’ both aspects, (a) the students and their interests and (b) the objects
and their interestingness, play an equal role. Only by applying a Rasch model to the collected data, |
could draw conclusions about both aspects. The students’ person measures reflected their degrees of
interest and the items’ item measures reflected their degrees of interestingness. Using mixed Rasch
models | could show how interesting different contents and contexts were relative to each other for
different groups of students and each content area. However, | chose to apply the Rasch model sepa-
rately to the data about both content areas (instead of applying it to all data combined). Here, | followed
the approach used in the IPN study to ensure comparability of the results. They had chosen this ap-
proach because they had eight content areas and the mixed Rasch model cannot be applied to large
item sets (88 items in their case). In future studies, it would be very interesting to investigate items that
present different contents from additional content areas set in different contexts based on the same
context categories and see whether the students’ types of interest found in my study can also be rep-
licated. Overall, for future studies | recommend considering interest in specific content areas and cor-
responding contents instead of physics in general.

Moreover, | decided on, discussed, and provided a broad definition of physics-related self-con-
cept comprising two aspects, the ‘self-perception of physics ability’ and the ‘beliefs about the percep-
tion as a physics person by others’ (perceived recognition). This approach was based on recent study
results on the importance of perceived recognition by Kalender et al. (2019a, 2019b). Indeed, applying
a mixed Rasch model, the item set formed a one-dimensional scale. In addition, | could show how the
two assessed aspects contribute to the physics-related self-concept of different types of students. For
example, the type with overall lower physics-related self-concept had less positive beliefs about the
perception as a physics person by others (perceived recognition) compared to the relatively more pos-
itive self-perception of ability (i.e. the two aspects contribute differently to the physics-related self-
concept). This allows unique insights into the structure of the physics-related self-concept. Hence, the
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instrument to measure physics-related self-concept (i.e. ‘ability self-perception’ and ‘beliefs about the
perception as a physics person by others’) and data analysis method (i.e. mixed Rasch models) used in
my study could also be used as diagnostic tools by researchers interested in fostering students’ physics-
related self-concept. For example, it would be an interesting direction for future research to investigate
whether the types of self-concept differ for different age groups. In general, | recommend for future
studies — in line with Kalender et al.'s recommendation to examine the ‘structure of multiple motiva-
tional factors together’ (2019a) — to combine two or more motivational constructs and analyse the
corresponding data together using a mixed Rasch model. When combining the data regarding two (or
more) aspects one can still draw conclusions about the individual aspects and their relationship with
one another for different student groups by applying mixed Rasch models. Yet, it is a limitation of my
study that | did not investigate the self-perception as a physics person as suggested by the physics
identity studies, which can be easily assessed with one item (‘l see myself as a physics person’). It would
be an interesting direction for future research to do the same type of mixed Rasch analysis but addi-
tionally including the self-perception as a physics person (i.e. to combine the aspects ‘self-perception
of ability’, ‘beliefs about the perception by others as a physics person’, and ‘self-perception as a physics
person’). Here, one could investigate how self-perception of ability, self-perception as a physics person,
and beliefs about the perception as a physics person by others contribute relative to one another to
the physics-related self-concept of different student groups. Moreover, | highlighted the differences
and transitions of physics-related ability self-concept to the similar construct ‘self-efficacy’, which in
contrast to physics-related ability self-concept refers to specific contents and tasks. Hence, | recom-
mend for future studies to choose self-efficacy as a construct, if they want to assess the students’ abil-
ities in a rather specific manner (i.e. referring to specific contents and tasks within different physics
content areas), whereas they should choose ability self-concept, if they want to assess ability in a rather
broad manner (i.e. referring to physics as a domain). Here, it also becomes clear that there is not a
sharp distinction between the two constructs but rather a transition from one to the other. Since the
interest items used in my study are rather specific, it could also be an interesting direction for future
research to construct very specific self-efficacy items for every interest item and to investigate the stu-
dents’ interest and its association with the corresponding specific self-efficacy.

Moreover, | decided on, discussed, and provided a rather uncommon approach to investigating
the students’ previous experience. In particular, | focused on the students’ quantitative previous expe-
rience with the content area in school in contrast to other studies who either investigated the students’
knowledge or qualitative experiences (e.g. with parents, with teachers in the classroom, in out-of-
school learning environments). This is a strength of my study as it shifted the focus from knowledge to
previous experience. This approach provided the opportunity to present a broader picture of the asso-
ciation between interest and knowledge. For example, it may be that at the time when their interest
and knowledge are assessed the students do not know anymore the physics content but still have a
feeling for how often they have experienced it in school. One limitation related to asking the students
about their previous experience with the content areas in school may be that it is a subjective self-
report. For example, students who are not interested as much might remember lessons on the (for
them not interesting) content area less well or perceive their experience as lower for other reasons. In
comparison, assessing the students’ knowledge would be more objective. However, one strength of my
study is that the students were asked about the previous experience with several specific contents from
each content area, which is more concrete than asking them for their general experience with mechan-
ics and particle physics, respectively. In future studies, one may investigate the association between
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interest in and previous experience with a content area in school by aligning the wording of both item
sets even more than done in my study. Another limitation, especially concerning the content area ‘par-
ticle physics’, is the focus on the previous experience in school (i.e. excluding out-of-school previous
experience). Particle physics is usually not covered in school curricula at the investigated age group.
Yet, interested students might have engaged a lot with particle physics in their leisure time (e.g. by
watching videos). For example, a previous study by Woithe (2020) indicates that about one third of
students (on average aged 17 years) gained their previous experience with particle physics out of school
via online videos and websites. Focusing on previous experience in school only, | could not investigate
the association between interest and previous quantitative out-of-school experience.

One limitation of my study is that | assessed sex instead of gender. Future studies could assess
gender. Moreover, quantitative measurement instruments to assess queer identities could be used. For
example, Dockendorff and Geist (2022) propose an instrument to assess feminine/masculine/androgy-
nous self-perception and beliefs about the corresponding perception by other people. It would be in-
teresting to investigate the relationship between gender/queer self-concept, physics-related self-con-
cept, and interest.

Mixed Rasch models

One strength of my study is the use of (mixed) Rasch models to analyse the collected data on
students’ interest and physics-related self-concept. By conducting a mixed Rasch rating scale analysis
for distinguishing different groups of interest as well as different groups of physics-related self-concept,
| also investigated differential item functioning (DIF; Quandt, 2012). For example, | found that the items
do function in the same manner for female and male students since the groups comprise a rather bal-
anced ratio of female and male students. The advantage of using mixed Rasch analysis over standard
DIF testing is that standard DIF testing is based on pre-defined categorisations, such as sex or age, which
are routinely assessed (Quandt, 2012). Yet, the absence of DIF (e.g. regarding the students’ sex) in
standard testing does not mean that there is no DIF at all (Quandt, 2012). Other types of DIF (e.g. for
the students’ response style) might be overlooked (Quandt, 2012). | furthermore argue that DIF on pre-
existing groups might reinforce stereotypes. In my study, | could show that there is DIF for response
style using mixed Rasch models. Hence, the students were categorised into more than one interest and
self-concept group, respectively, that could actually be described in terms of one single type of interest
and self-concept, respectively. In sum, | suggest that testing for DIF using mixed Rasch models may be
beneficial for other researchers in future studies. One limitation of my study is that | did not double
check the DIF for response style by applying constrained mixed Rasch models as suggested by Wetzel
et al. (2013). Hence, | also recommend this as a direction for future research.

Moreover, | recommend using mixed Rasch models in future studies to avoid generalising con-
clusions that only apply for a small group of students. Here, another strength of my study was that |
could point towards such commonly reported generalisations (e.g. modern physics content areas being
more interesting than classical ones) that may only be an artefact resulting from the interests of a sub-
set of students (e.g. the ‘particle physics lovers’). Such subsets that qualitatively differ in their interest
can only be detected using a mixed Rasch analysis because other methods, such as multilevel analyses,
are based on pre-defined categorisations (e.g. sex, class, high vs. low interest). Hence, mixed Rasch
models allow unique insights into students’ interest and physics-related self-concept. For example, us-
ing a mixed Rasch model one can show how interesting different contexts are relative to one another
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and whether there are different groups of students, of which the qualitative interests are similar within
these groups but different across these groups.

Measurement instrument

One limitation of my study is that the rating scale format changes for the items assessing dif-
ferent constructs. Interest in a content area is assessed using five categories and physics-related self-
concept is assessed using four categories. For both variables, | used the original rating scale format.
Thus, | cannot fully compare the response styles of the students found separately concerning the inter-
est and self-concept items with one another. Nevertheless, | found different groups of students that
rather resemble an ERS or a NERS as well as groups with a rather ‘normal’ response style, that is, groups
that use the rating scale in the intended manner, concerning both constructs. It would be a very inter-
esting direction for future research to investigate whether students apply a certain response style, such
as ERS, consistently across items used to assess different constructs, when using the same rating scale
format.

One limitation of my study is that | did not assess the students’ interest while they were con-
ducting an actual task as, for example, done in the PISA 2006 study (OECD, 2007a) or by Roésler et al.
(2014, 2018) in a biology education research project. This has two drawbacks. First, the students may
not like physics as a school subject and respond to the presented item according to this aversion; that
is, although they would be interested in the content, context, or task presented in the item, when con-
ducting an actual task, they express relatively less interest in the non-embedded item because of their
physics-aversion. Moreover, in the PISA 2006 study embedded items lead to strikingly different results
than non-embedded ones (Stern et al., 2009). Especially the often-reported lower interest of girls
evened out in embedded items (Stern et al., 2009). | claim that the difference evens out because when
engaging with tasks, students’ may not recognise which tasks belong to which domain, and thus gender
stereotypical answers disappear. Second, in the classroom the students encounter different physics
contents, contexts, and tasks during actual activities, which cannot be resembled by non-embedded
items. Hence, | recommend for future interest studies to use embedded items for assessing interest to
not trigger an eventually existing aversion against physics as a school subject and to resemble actual
classroom situations. However, it may also be considered as an advantage of my study that | am as-
sessing the students’ interest in a non-embedded way. | argue that it enables me to draw conclusions
about the contexts that may trigger the students’ operating interest, which may either be caused by
the already existing individual interest of the students or it may be a situational interest triggered by
the content, contexts, and tasks presented in the items acting as ‘catch factors’ (Mitchell, 1993). Hence,
the recommendations given based on my results may be especially relevant and useful for engaging
students at the beginning of a lesson. One limitation of my study is that | am measuring operating in-
terest. | do not assess whether their interest is caused by the students’ disposition or the interesting-
ness of the situation; that is, | do not know whether the expressed operating interest reflects the stu-
dents’ actualised individual interest or their triggered situational interest.

Sample

Another limitation of my study is that the sample might be biased towards a higher amount of
‘particle physics lovers’ than existing. The teachers were contacted to participate in the study, and as a
thank you they were offered a CERN science show related to particle physics or an overview talk about
CERN. Hence, it might be that the teachers that participated in my study have personal interest in
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particle physics which they might also (un)intentionally foster in their students. Thus, | argue that the
type PP, (‘particle physics lovers’) might comprise less than the observed 21% of students. Moreover,
that the teachers participated with their students in a physics education research project might indicate
that they are more dedicated than other teachers, which might also influence their students’ interest
in physics. One strength related to my sample is the age group (i.e. students aged 14 to 16 years, mostly
in grade 9). Previous research (e.g. Osborne et al., 2003) suggests that between the ages 10 and 14
interest in science is diminished. Hence, | could investigate the students’ interest after this crucial
phase. Moreover, the age group of my sample make my results comparable to the ones of large-scale
studies on students’ interest, such as the PISA and ROSE studies, which also focused on students aged
15 years. One limitation related to the age group is that the school curricula typically mention particle
physics, if at all, rather in higher grades. Thus, one may argue that it would have been better to compare
interest in particle physics and in mechanics using an older sample. However, one aim of my study was
explicitly to compare students’ interest in two content areas, with which they have different degrees
of previous experience in school. One limitation related to my sample is that it was only German-speak-
ing students. Here, one strength is nevertheless that it comprised students from three different Ger-
man-speaking countries (Austria, Germany, and Switzerland). One strength of my study is the large
sample size (N > 1200).

Hierarchy of levels of interest in physics (HOLIP)

One strength related to the proposed conceptualisation of students’ interest as a hierarchy of
levels of interest in physics (HOLIP) is that | could interpret the levels using the three components of
interest (i.e. the emotional, value-related, and cognitive epistemic components) aligned with the ‘Four-
phase model of interest development’ (Hidi & Renninger, 2006). First, | characterised the level of fo-
cused interest in physics as being interested in physics when it is set in contexts related to one’s own
body, socio-scientific issues, or existential questions of humankind, that is, contexts that arouse emo-
tions, which aligns with the first phase in interest development. Second, students at the level of open
interest were additionally interested in physics set in the context ‘everyday life’, that is, the students
recognise personal value, which aligns with the second phase in interest development. Third, students
at the level of broad interest were interested in physics, even when set in a purely scientific or technical
context (i.e. addressing the cognitive-epistemic component of interest), which aligns with the third and
fourth phases in interest development. Future studies could investigate students’ interest in physics,
especially focusing on the three components of interest, in addition to varying different contents and
contexts. This would provide additional evidence on the conceptualisation of students’ interest as a
hierarchy of levels of interest in physics (HOLIP) aligned with the hierarchy of interest components in
the ‘Four-phase model of interest development’ (Hidi & Renninger, 2006). Moreover, it would be a very
interesting direction for future studies to conduct a longitudinal study to investigate whether the hier-
archy of interest levels indeed reflect a development process. One strength related to my conceptuali-
sation of students’ interest as a hierarchy of levels of interest in physics (HOLIP) is that it provides a
concise overview of which context are more (or less) interesting relative to each another and can be
used by educators as a tool to develop interesting learning activities.

One limitation of my study is that tasks were included in the interest measurement instruments
but not addressed in the hierarchy of the students’ levels of interest in physics. | decided against this as
the variation of tasks is not sufficiently large to analyse the influence of tasks on students’ interest (as
outlined above). However, in line with past empirical findings | could observe that the students
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generally find items that describe the tasks ‘conducting an experiment’ or ‘planning an experiment’
relatively more interesting. Moreover, the focus on contexts is also supported by the finding of Blank-
enburg et al.’s study (2016) that students who indicate higher interest in a certain context are more
interested in all activities in that context. Future studies could nevertheless combine a variation of con-
texts and tasks to extend the hierarchy of level of interest to include tasks.

Combining replicative and innovative aspects

One strength of my study is that it is both (a) a partial replication study of the IPN study con-
cerning the classical physics content area ‘mechanics’ and (b) an innovative extension to the modern
physics content area ‘particle physics’. | could show that the IPN findings concerning the students’ in-
terest types in mechanics can only partially be replicated and that the IPN findings can only partially be
applied to particle physics. It would be an interesting direction for future research to investigate
whether the IPN findings can be replicated or applied concerning further content areas.

6.5. Conclusions and implications for practice

Based on previous findings, | hypothesised that there are three different types of interest in
physics that are valid for modern and classical physics content areas. Moreover, | hypothesised that
different contexts are more (or less) interesting relative to each other within the students’ different
types of interest. | conducted a cross-cohort study with German-speaking students aged 14 to 16 years
(N =1219). | assessed students’ interest in mechanics and particle physics, their physics-related self-
concept, previous experience with both content areas in school, and sex. Applying the mixed Rasch
rating scale model, | found that most students could be categorised into one single type of interest
regarding both content areas (i.e. 86% of students regarding mechanics, 79% of students regarding
particle physics), the type of students that were only interested in physics set in certain contexts re-
ferred to as ‘Physics? Only in certain contexts!’. Few students (i.e. 14 % of students) that were inter-
ested in mechanics set in the context ‘car’ formed a second type of interest in mechanics, the ‘students
interested in physics relating to the motion of cars’; and few students (i.e. 21% of students) that were
highly interested in particle physics as a scientific endeavour formed a second type of interest in particle
physics, the ‘particle physics lovers’. This finding is important for particle physics outreach practices.
Within the research community one may assume that everyone else is as interested in particle physics
as a scientific endeavour as the community is. Yet, this result indicates that outreach efforts should
focus on the contexts in which particle physics can be set and that are interesting for most students.
Calculating logistic regression models, | found that whether the students belonged to one or the other
interest type was significantly better described with a model that included both their sex and their
degrees of physics-related self-concept compared to the baseline model. To describe the relative inter-
estingness of different contexts for the type of students that was only interested in physics set in certain
contexts, that is, the vast majority students, | could apply my conceptualisation of students’ interest as
a hierarchy of levels of interest in physics (HOLIP). It can be used by educators as a tool to develop
learning activities that are interesting for most students, regardless of their sex or physics-related self-
concept. Although my conceptualisation of interest had originally been developed for particle physics,
| found that it suited to describe most students’ interest in particle physics and in mechanics. Hence, |
conclude that educators can apply the HOLIP to all physics content areas if they can be set in the sug-
gested contexts. Moreover, | could also apply the mixed Rasch rating scale model to the students’ phys-
ics-related self-concept, and thereby show how the assessed aspects of physics-related self-concept
(i.e. ‘self-perception of ability’ and ‘beliefs about the perception as a physics person by others’)



150 | 6.5. Conclusions and implications for practice

contribute differently to the physics-related self-concept of the different types of physics-related self-
concept. Finally, | also investigated the association between interest in a content area and different
student characteristics, such as physics-related self-concept, sex, and previous experience with the con-
tent area in school.

Comparing my results to those of the IPN study, | could show that the definition of interest
types by the IPN was based on the individual groups resulting from a mixed Rasch analysis. | argue that
not all groups were actual interest types but rather occurred due to the different use of the rating scale
of the students. Hence, two or more groups, which had a similar interest profile but differed in their
rating scale use, could be combined to one type of interest. In this sense, also in the re-analysis of the
IPN study conducted by Sievers (1999) only two types of interest were actually found, one type com-
prising students who are only interested in physics set in certain contexts and a second type of students
who are rather equally interested in all items. In my study, using the original IPN instrument to measure
students’ interest in mechanics, | could only partially replicate their findings. However, | could show
that also the interestingness of a modern physics content area can be analysed in terms of interest
types.

| also conclude that my study provided further evidence that physics-related self-concept is a
broad construct comprising several aspects, such as the assessed aspects ‘self-perception of ability’ and
‘beliefs about the perception as a physics person by others’. Students in type SC; had on average lower
physics-related self-concept values and agreed less to items on their beliefs about the perception as a
physics person by others than to items on their self-perception of ability. For these students there was
a difference between (1) what they think about their own abilities and (2) whether they think that oth-
ers perceive them as a physics person. Students in type SC; had on average higher physics-related self-
concept values and agreed to a similar extent to perceived recognition items and to ability self-concept
items. For these students (1) what they think about their own abilities matches with (2) whether they
think that others perceive them as a physics person.

For education research practice, | imply that researchers should de-emphasise the role of the
students’ sex or gender and instead focus on the students’ physics-related self-concept as a reference
variable. This has already been suggested in past empirical studies, for example, by H6ft and Bernholt
(2019). I acknowledge that it requires more items to assess and more effort to conduct analyses, such
as regression models, using physics-related self-concept instead of sex. Even though previous studies
found that other variables, such as self-efficacy, are also associated with interest, the focus of analysis
usually is on gender issues, for example, how to make physics more interesting for girls. In different
studies, topics were presented as interesting either for boys or for girls using phrasings, such as ‘girls
are interested in” and ‘boys are interested in’. Yet, the results of data analyses of different studies indi-
cated that in most cases the allocated girls’ topic was equally interesting for boys as the boys’ topic, but
not the other way round. This has, for example, been found by HauRler and Hoffmann (1998; IPN study).
Moreover, Jenkins and Nelson (2005; ROSE study) emphasise that a high interest in a certain topic by
one sex or gender does not necessarily mean that the same topic is not interesting for the other. In
sum, by focusing on sex or gender as analysis variables one may reemphasise differences that may not
even exist to the commonly assumed extent. In addition, one may reemphasise that girls are ‘problem-
atic’ in physics and need particular support and that one needs to adjust teaching practices to the girls’
interests. Yet, | argue that it is not the girls but the students who have lower physics-related self-concept
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and the reasons why some students have a lower self-concept that one should focus on. | found that
the students with on average lower physics-related self-concept agreed less to perceived recognition
items than to ability self-concept items; that is, they rather struggled with whether they think that oth-
ers see them as a physics person than with their self-perception of ability. Hence, focusing on girls (and
thereby unwillingly reemphasising that girls are ‘problematic’ in physics and need particular support)
may not help them to feel more perceived as a physics person (i.e. as a person apt to do physics).
Similarly, previous studies indicate that students may differ in the way they create self-concept with
male students (i.e. students who commonly report higher degrees of self-concept) using mastery expe-
rience as source whereas it was ‘social persuasion and vicarious experiences’ for female students (i.e.
students who commonly report lower degrees of self-concept; Zeldin et al., 2008). | conclude that ed-
ucation research needs a sex- or gender-neutral clustering variable to truly reflect that it is not the sex
but the physics-related self-concept that matters. | also acknowledge that it may appear better to focus
on gender issues than on self-concept as it enables researchers to provide rather straightforward rec-
ommendations for educational practice as it is easier for educators to assign students to gender than
to self-concept. However, focussing on the similarities, that is, the contents and contexts that are
equally and highly interesting for most students regardless of their sex or gender and self-concept, even
better reflects the classrooms that teachers commonly encounter.

Current physics education mainly presents physics in the contexts ‘science and technology’.
Yet, already the science-technology-society initiative in the 1970s and 80s aimed to increase the stu-
dents’ interest by brining society as a context in the physics classroom (Zoller & Watson, 1974; Ai-
kenhead, 1980). My study indeed showed that the contexts ‘science’ and ‘technology’ are only inter-
esting for few students. Instead, | found that most students can be described with one single type of
interest and that | can describe their interest with my conceptualisation of interest as a hierarchy of
levels of interest in physics (HOLIP). Although the type of students interested in physics relating to the
motion of cars (M) regarding mechanics and the particle physics lover type of students (PP,) regarding
particle physics could only to some extent be described with this conceptualisation, | recommend that
educators match their learning activities with the HOLIP conceptualisation. The type of students inter-
ested in physics relating to the motion of cars and the particle physics lover type of students are most
likely still interested in mechanics and particle physics, respectively, if set in contexts that are the most
interesting for most students, although for them other contexts may be relatively more interesting. |
conclude that by matching the design of learning activities to the type of students that is only interested
in physics set in certain contexts, the type of students interested in physics relating to the motion of
cars and the particle physics lover type of students will not lose their interest in mechanics and particle
physics, respectively. For example, for the particle physics lover type of students, particle physics in the
context ‘scientific endeavour’ (e.g. quantitative physics in the context of particle collisions) is more in-
teresting than in everyday life contexts (e.g. digital camera as particle detector). Yet, they are also highly
interested in physics when set in an everyday life context. In contrast, particle physics in the context
‘scientific endeavour’ will only be interesting for the particle physics lover type students, and not for
most students. Hence, | imply for educational practice that educators can apply the HOLIP conceptual-
isation to all physics content areas if they can be set in the suggested contexts, and thereby match the
design of their learning activities to the interests of most students regardless of their sex or gender and
physics-related self-concept.
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7. SUMMARY OF THE MAIN FINDINGS

The summary presented in this chapter provides a compact overview of the main finding of my
doctoral research project. The first study aimed to develop the instrument to measure particle physics
interest (IPPI) and to propose a hierarchy of levels of interest in particle physics. Second, the main study
sought to categorise students into different types of interest in mechanics and particle physics, to in-
vestigate the applicability of the proposed hierarchy of levels of interest interest to the different types
of interest in mechanics and in particle physics, and the association of interest with the assessed stu-
dent characteristics ‘physics-related self-concept’ and ‘previous experience with the content areas in
school’.

Introducing a novel approach in selecting items from an initial item pool

The IPPI was created based on the 11 item categories introduced in the IPN study (HauRler,
Lehrke, et al., 1998). Initially, | created at least three items for each category. Applying the Rasch partial
credit model, | ultimately selected one item per category following clear, stepwise, and reproducible
criteria based on the category probability curves, item fit indices, and the sign of an even distribution
of items on the Wright Map. The Rasch analysis provided evidence supporting content, construct, sta-
tistical, and fit validity of the IPPI. The results demonstrate that | have successfully developed a valid
and reliable instrument to measure interest in particle physics. This novel approach in selecting items
from an initial item pool may be useful for other researchers developing instruments.

Using different introductory texts is associated with small qualitative differences in interest

In the main study, | used two different versions of the mechanics introductory text in combina-
tion with the same items. Overall, there was no statistically significant, quantitative difference in the
students’ interest associated with the use of different versions of the introductory text. Instead, the
results provide some evidence that there were qualitative differences in interest; that is, certain items
seem to have been relatively more interesting for some students who were presented with the original
IPN introductory text. | discussed several possible reasons. For example, | argued that the original IPN
introductory text mostly focused on the context ‘car’, and hence the interest of some students in all
contents set in the context ‘car’ might have been triggered. In contrast, the newly developed introduc-
tory text presented a variety of contexts, and hence the students might have been more ‘sensitive’ to
the different contexts presented in the items. Indeed, when combining the datasets for the mixed Rasch
analysis, these small qualitative differences also resulted in four interest groups instead of three as
found in the separate analyses.

Redefinition of students’ types of interest in physics

Overall, | could distinguish three types of interest in physics in the main study. For both content
areas, | could replicate the IPN interest type C (Langeheine et al., 2001; Rost et al.,1999; Sievers, 1999).
This type comprised students that are only interested in physics set in certain contexts. It was referred
to as type M; for mechanics and PP for particle physics and comprised 84% and 79% of the students,
respectively. However, | could not replicate the IPN interest type NG (Langeheine et al., 2001; Rost et
al., 1999; Sievers, 1999) using my approach, since students with differing response style were also in-
cluded in the interest type M1 and PP3, respectively. Second, | could partially replicate the IPN interest
type A (Langeheine et al., 2001; Rost et al.,1999; Sievers, 1999) for both content areas. The type M, of
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interest in mechanics (14% of the students) comprised students that are relatively more interested in
mechanics contents set in the context ‘car’ and | referred to this type as the ‘students interested in
physics relating to the motion of cars’. However, their quantitative degree of interest in mechanics was
not significantly different than of the other type, which does not align with the IPN interest type A. Yet,
all items were rather equally interesting for the type of students interested in physics relating to the
motion of cars, which may resemble the IPN interest type A. The type PP, of interest in particle physics
(21% of the students) comprised students who were interested in items presenting the specifics of
particle physics as a content area and as a scientific endeavour. They had the highest mean interest in
particle physics. Hence, | referred to this type as the ‘particle physics lovers’. Yet, for the particle physics
lover type of students not all items were equally and highly interesting for the students which does not
align with the IPN interest type A. For example, the item PPO5 (masses of particles) presenting quanti-
tative particle physics without being set in a context was rated relatively less interesting. Despite the
gualitative differences in interest of the observed interest types, the Rasch model could be applied for
all students and both content areas, and hence my instruments to measure interest were found to be
unidimensional.

The hierarchy of levels of interest in physics (HOLIP) applies to most students

| introduced the conceptualisation of students’ interest in particle physics comprising three lev-
els of interest to describe the item hierarchy in my first study (Zoechling et al., 2022; see Chapter 5). In
my main study about the students’ interest in particle physics and mechanics, this conceptualisation
could also be applied to the item hierarchy of the type of students that is only interested in physics set
in certain contexts, that is, most students in mechanics (type M1, 84% of the students) and particle
physics (type PP1, 79% of the students; see Chapter 6). Hence, the conceptualisation was suggested as
a guideline for physics in general and renamed ‘hierarchy of students’ levels of interest in physics’ (HO-
LIP, see Figure 18). The HOLIP provides a concise overview of how interesting different contexts (i.e.
storylines), in which physics content may be set, are relative to each other. That is, different levels of
interest among students were mainly determined by the context in which the physics content was set.
| also interpreted the hierarchy of students’ levels of interest based on the results of past empirical
research and the ‘Four-phase model of interest development’ (Hidi & Renninger, 2006). | found that:
(1) Students at a focused level of interest are interested in physics when set in a context, which arouses
emotions. That is, the most interesting contexts are related to one’s own body (e.g. ‘artificial joints in
medicine’, ‘medical diagnostics’, ‘driver’), socio-scientific issues (e.g. ‘car accident’, ‘smuggled arms’),
and existential questions of humankind (e.g. ‘Where do we come from?’). (2) Students at an open level
of interest were additionally interested in physics when it was set in an everyday life context (e.g. ‘mo-
bile phone’). (3) Students at a level of broad interest were even interested in physics when it was set in
scientific and technical contexts (e.g. ‘electronics industry’, ‘car repair shop’). When interpreting the
hierarchy of students’ levels of interest, it is crucial to consider that these levels are cumulative. This
means that the level of broad interest includes the level of open interest, which further includes the
level of focused interest. In contrast, | found a second type of interest in both content areas which
cannot be described with the conceptualisation. The students assigned to the second type of interest
in mechanics were mostly interested in the context ‘car’ (type M,, 16% of the students). The students
assigned to the second type of interest in particle physics (type PP, 21% of the students) were mostly
interested in the special aspects of particle physics as a content area and as a scientific endeavour.
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Mechanics and particle physics are equally interesting

My main study provided evidence that most students (type M; and PP;) were equally interested
in both content areas. Yet, particle physics was found to be more interesting than mechanics for the
type of students interested in physics relating to the motion of cars regarding mechanics (M3) and the
particle physics lover type of students regarding particle physics (PP,). This finding contrasts with past
empirical studies which suggested that modern physics contents, such as the history of the universe,
may be more interesting than classical ones (e.g. OECD, 2016; Sjgberg & Schreiner, 2012; HauRler,
Lehrke, et al., 1998). The findings of my main study indicate that such generalised observations may
only result from the differences in interest of a small fraction of students and cannot be applied to most
students. Most importantly, these findings emphasise the importance of analysing data concerning stu-
dents’ interest using methods, such as mixed Rasch analyses, that do not rely on pre-defined categori-
sations (e.g. sex) but instead distinguish groups based on their responses to the used interest measure-
ment instrument.

Definition of students’ types of physics-related self-concept

In my main study, | used a broad definition of self-concept comprising two aspects, namely self-
perception of ability and beliefs about the perception as a physics person by others. The results of my
main study provide evidence that there are two different types of physics-related self-concept. For 60%
of the students, referred to as the type SC;, the two assessed aspects of physics-related self-concept
contributed differently to their self-concept; that is, the students had a more positive self-perception
of ability than beliefs about the perception as a physics person by others. The remaining 40% of the
students, referred to as the type SC,, had equivalent self-perception of ability and beliefs about the
perception as a physics person by others. Despite the different contributions of the two aspects to the
students’ self-concept for the two types, the Rasch model could be applied for all students and my
instrument to measure self-concept was found to be unidimensional. This supports a broad definition
of physics-related self-concept and further contributes to the empirical background for assessing it in
future studies.

Physics-related self-concept as a mediator for sex differences in interest

The main study showed that there were overall no significant differences in mean interest be-
tween the sexes. There was a small difference for the particle physics lover type of students concerning
the content area ‘particle physics’ with male students showing slightly higher mean interest than female
students. The association between physics-related self-concept and interest was found to be similar for
both sexes and both interest types concerning both content areas using linear regression/correlation
analyses. Yet, the mean physics-related self-concept significantly differed between the sexes, with girls
having lower mean physics-related self-concept. This effect was relatively larger for the type of self-
concept, mechanics interest, and particle physics interest, respectively, which had the higher mean
physics-related self-concept (i.e. SC,, Ms, and PP3). These results combined provided evidence that the
students differ in their degrees of interest because of their differences in physics-related self-concept.
Yet, the physics-related self-concept significantly differed for female and male students. Hence, my
main study provided evidence that the direct association between sex and interest is less descriptive
for the students’ interest than the association between sex and interest with physics-related self-con-
cept as a mediator. This is because the sexes significantly differed in their mean self-concept but the
correlation between self-concept and interest was similar for both sexes. These findings provided evi-
dence that the association of sex and interest is mediated via self-concept.
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Small positive correlation between previous experience in school and interest

The main study showed that students have significantly different previous experience with both
content areas in school. They reported having more previous experience with mechanics compared to
particle physics in school. This was expected based on the higher representation of mechanics in school
curricula in contrast to the little representation of particle physics. The mechanics interest types dif-
fered significantly in their previous experience with mechanics; that is, the type of students interested
in physics relating to the motion of cars (M,) had more experience than the type of students who were
only interested in physics in certain context (M1). The particle physics interest types did not differ sig-
nificantly in their previous experience with particle physics, which also was expected based on the al-
most non-existing representation of particle physics in school curricula for students aged 14 to 16 years.
My main study provided evidence that for most students (type M1 and PP1) there is a very small positive
significant correlation between previous experience in school with and interest in mechanics and par-
ticle physics, respectively (rme1=0.16; rep1=0.19). Yet, for the students interested in physics relating to
the motion of cars (M5) and the particle physics lovers (PP3), there was no significant correlation. Past
empirical studies differed in their observed correlations between the students’ interest and their
knowledge; correlations from 0O to strong are reported (Schiefele et al., 1992). Although knowledge and
previous experience are different variables, they are associated with one another, and hence a refer-
ence to this field of research seems beneficial. The results of my main study provided evidence that
such generalised, non-agreeing observations may result from the differences in correlations between
most students (types M and PP1) and a small fraction of the students (types M, and PP,).
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10. APPENDICES

10.1. Appendix 1: Developping the IPPI

10.1.1. Introductory text on particle physics

a) Original German Text:

TEILCHENPHYSIK oder Woraus wir eigentlich bestehen

Alles, was man zumindest theoretisch berthren kann, wird als Materie bezeichnet. Dazu zéhlen nicht
nur wir Menschen, sondern auch Sterne und Planeten. Teilchenphysiker*innen erforschen, woraus
alle Materie besteht und was ihre Bestandteile zusammenhalt. Ein menschliches Haar zum Beispiel ist
aus Atomen aufgebaut, und ein Atom aus einem Atomkern-Bereich und Elektronen, die diesen umge-
ben. Das Elektron ist ein sogenanntes Elementarteilchen. Diese sind unteilbar.

Erkenntnisse tGber den Aufbau der Materie gewinnt man mithilfe von Experimenten. Zum Beispiel be-
schleunigt man Teilchen auf sehr hohe Geschwindigkeiten, um sie dann zusammenstofRen zu lassen.
Bei diesem Zusammenstol entstehen neue Teilchen, die von Detektoren aufgezeichnet werden. Diese
sind mehrere Stockwerke hohe Gerate, die bis zu 40 Millionen Aufzeichnungen pro Sekunde machen
kdnnen. Teilchenphysiker*innen werten diese Aufzeichnungen aus. So kdnnen sie zum Beispiel die
Prozesse erforschen, die sehr kurz nach dem Urknall stattgefunden haben, um besser zu verstehen,
wie unser Universum entstanden ist.

Im Grunde kénnen wir alle physikalischen Phanomene auf die Wechselwirkungen zwischen Teilchen
zurlckfihren, wenn wir ganz genau hinschauen. Zum Beispiel wechselwirken Elektronen miteinander,
weil sie eine elektrische Ladung haben: Diese Wechselwirkung verhindert, dass du durch den Stuhl
fallst, auf dem du vermutlich gerade sitzt. Denn die Elektronen deines Kérpers und die Elektronen des
Stuhls stolRen sich gegenseitig ab und kdnnen nicht beliebig nah zusammengebracht werden.

AuRerdem hat Forschung in der Teilchenphysik viele Anwendungen, zum Beispiel bei der Diagnose
und Behandlung von Krankheiten oder bei der Feststellung der Echtheit eines Kunstwerks.

Wie gerne wiirdest du im Zusammenhang mit diesem Thema das Folgende tun? Bitte klicke ,, Weiter”!
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b) English Translation of the Text:

PARTICLE PHYSICS or What we are actually made of

Everything that can be touched, at least in theory, is called matter. This includes not only us humans,
but also the stars and the planets. Particle physicists are investigating what all matter is made of and
what holds its components together. A human hair, for example, is made of atoms, and an atom is
made of a nucleus space and electrons surrounding it. The electron is a so-called elementary particle.
These are indivisible.

We gain knowledge about the structure of matter through experiments. For example, particles are
accelerated to very high speeds and then forced to collide. This collision creates new particles that are
recorded by detectors. These are devices that are several storeys high and can make up to 40 million
recordings per second. Particle physicists analyse these recordings. This enables them, for example, to
investigate the processes that took place very shortly after the Big Bang to better understand how our

universe came into being.

We can explain all physical phenomena in terms of the interactions between particles if we look very

closely. For example, electrons interact with each other because they have an electric charge: This in-
teraction prevents you from falling through the chair on which you are probably sitting on right now.

This is because the electrons of your body and the electrons of the chair repel each other and cannot
be brought infinitely close together.

In addition, research in particle physics has many applications, for example in the diagnosis and treat-
ment of diseases or in determining the authenticity of a piece of art.

In relation to this topic, how interested are you in doing the following? Please click "Next"!
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10.1.2. Items to measure particle physics interest

Table 35. Original German wordings and English paraphrases of the items to measure particle physics

interest.

Item 1D(s)

Original German wording

English paraphrase

Mehr darlber erfahren, wie ein Teilchenbeschleuniger

1011 o Particle accelerator
funktioniert
1012 Mehr darlber erfahren, wie Gerate funktionieren, die  Devices that detect particles
(PPO1) Teilchen detektieren (z.B. Digitalkamera) (e.g. digital camera)
Devices that accelerate parti-
Mehr dariber erfahren, wie Gerate funktionieren, die ) P
1013 . . . cles (e.g. electron micro-
Teilchen beschleunigen (z.B. Elektronenmikroskop)
scope)
1021 Mehr dariber erfahren, wie Teilchenphysik zum Ver- Particle physics and the big
(PP0O2) standnis des Urknalls beitragt bang
1022 Mehr dariber erfahren, wie Teilchenphysik zum Ver- Particle physics and the
standnis von Polarlichtern beitragt northern lights
Mehr dariber erfahren, welche Elementarteilchen aus ; )
1023 ) . Cosmic particles
dem Kosmos bis zur Erdoberflache gelangen
Mehr dariber erfahren, wie ein Teilchenbeschleuniger A particle accelerator and the
1031 zur friedlichen Zusammenarbeit verschiedener Natio-  peaceful collaboration of di-
nen beitragt verse nations
Mehr dariber erfahren, wie mithilfe von Teilchende- )
1032 o . Particle detectors and smug-
tektoren geschmuggelte Waffen in einem Container
(PPO3) ) gled arms
entdeckt werden kénnen
1033 Mehr dariber erfahren, wie mithilfe der Teilchenphy-  Particle physics and art au-
sik festgestellt werden kann, ob ein Kunstwerk echtist  thentication
Mehr dariber erfahren, welche Elementarteilchen ) ; ;
1041 ) ) Particles and interactions
und Wechselwirkungen es gibt
1042 Mehr dariber erfahren, welche Elementarteilchen Particles in the nucleus space
(PPO4) man im Atomkern-Bereich findet of an atom
Mehr darlber erfahren, welche Wechselwirkung die The interaction binding to-
1043 Elementarteilchen im Atomkern-Bereich zusammen- gether the nucleus space of
halt an atom
1051 Mehr darlber erfahren, aus wie vielen Elementarteil- Particles of objects ( e.g. pen)
chen ein Gegenstand, z.B. ein Stift, besteht (quantitative)
Mehr dariber erfahren, warum man Teilchen zu For- i ]
o Acceleration of particles
1052 schungszwecken auf sehr hohe Geschwindigkeiten be- o
. (quantitative)
schleunigen muss
1053 Mehr darlber erfahren, wie grol8 die Massen der Ele-  Masses of particles (quantita-
(PPO5) mentarteilchen im Vergleich zueinander sind tive)

cont.
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Die Vielfalt der verschiedenen Berufsgruppen, die in

Occupational groups contrib-

1061
der Teilchenphysik mitarbeiten, kennenlernen uting to particle physics
Mehr Einblick erhalten, in welchen Bereichen - abge- ) : ,
) i i ) Jobs outside science for parti-
1062 sehen von Forschung - Teilchenphysiker*innen arbei- .
cle physicists
ten
1063 Mehr Einblick erhalten, wie in der Elektronik-Industrie  Particle accelerators in the
(PPO6) mit Teilchenbeschleunigern gearbeitet wird electronics industry
1071 Mehr Einblick erhalten, wie in einem medizinischen Di- ) ) )
] ] Medical diagnostics
(PPO7) agnose-Zentrum gearbeitet wird
1072 Mehr Einblick erhalten, wie Krankheiten mithilfe von Particle accelerators to cure
Teilchenbeschleunigern behandelt werden diseases
Mehr Einblick erhalten, wie man das Innere von Vulka- )
_ . i Particle accelerators for stud-
1073 nen oder Pyramiden mithilfe von Teilchendetektoren _ ,
ying volcanoes or pyramids
erkennen kann
Building a particle detector
Einen Teilchendetektor aus Alltagsgegenstanden . i £ ) ;
1081 ) out of daily life objects
selbst bauen und ausprobieren
(hands-on)
Building an electromagnet to
Einen Elektromagneten bauen und damit die Bewe- ] . ) i :
1082 i ) i . influence the direction of a
gungsrichtung eines Teilchens verandern _
particle (hands-on)
i - } Transforming a mobile phone
1083 Ein Handy in einen Teilchendetektor umbauen und ; i
i into a particle detector
(PPO8) ausprobieren
(hands-on)
) ) ) ) ) Planning an experiment on
1091 Ein Experiment planen, um zu zeigen, wie Teilchen be- , , ,
] particle acceleration (minds-
(PP0O9) schleunigt werden
on)
) ) ) ) ) Planning an experiment to
Sich ein Experiment ausdenken, um zu zeigen, wie
1092 . study the structure of an
man den Aufbau eines Atoms erforschen kann _
atom (minds-on)
: . , ) . Planning an experiment to in-
Ein Experiment planen, um zu zeigen, wie man die Be- o
1093 ) ] ) i fluence the direction of a par-
wegungsrichtung eines Teilchens verdndern kann . )
ticle (minds-on)
o Berechnen, wie grols die Energie beim Zusammenstol  Calculating the energy of a
(PP10) zweier Teilchen ist, die sich mit nahezu Lichtgeschwin-  particle collision at the speed
digkeit bewegen of light (minds-on)
1102 Berechnen, aus wie vielen Elementarteilchen ein Calculating number of parti-
menschliches Haar besteht cles in human hair (minds-on)
e Die Massen verschiedener Elementarteilchen berech-  Calculating the mass of parti-

nen, weil man sie nicht einfach abwiegen kann

cles (minds-on)

cont.
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1111
(PP11)

Dariuber diskutieren, wie Erkenntnisse im Bereich der
Teilchenphysik unser Alltagsleben verdandert haben

Particle physics has changed
our daily life (discussion)

1112

Darilber diskutieren, warum Forschung in der Teil-
chenphysik fir unsere Gesellschaft wichtig ist

The societal relevance of par-
ticle physics (discussion)

1113

Dariber diskutieren, warum die EU in den letzten fUnf
Jahren 10 Mio. € in die Entwicklung von
Teilchendetektoren investiert hat

EU investments in particle de-
tectors (discussion)
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10.2. Appendix 2: Main study

10.2.1. Original IPN introductory text on mechanics

a) Original German Text:

VON DEN BEWEGUNGEN und Wie man Kraft sparen kann

Von schwerer korperlicher Anstrengung befreit zu sein, ist ein uralter Menschheitstraum, und schon
die alten Griechen waren Meister darin, Kraft zu sparen. So kannten sie schon den Flaschenzug, eine
sinnvolle Konstruktion aus Seilen und Rollen, mit der sie zum Beispiel schwere Tempelsaulen aufrich-
ten konnten.

Heute gibt es viele Geréte, die uns Anstrengungen abnehmen: Eine hydraulische Hebebihne hebt
zum Beispiel Autos in Autowerkstatten, eine Pumpe holt Erdol aus grolRer Tiefe an die Erdoberflache,
und ein leichtes Tippen auf das Gaspedal beschleunigt den Sportwagen auf 180 Sachen (Kilometer pro
Stunde)!

Aber macht man sich immer klar, welche Krafte man da entfesselt hat? Wer Physik gelernt hat, der
kann leicht ausrechnen, dass ein frontaler Aufprall eines Autos auf eine Mauer bei einer Geschwindig-
keit von nur 50 Kilometer pro Stunde genauso gefahrlich ist wie ein Sturz aus 10 Meter Héhe!

Weil die meisten Unfille bei verhéaltnismaRig geringen Geschwindigkeiten und im Stadtverkehr passie-
ren, sehen viele einen Ausweg darin, nach physikalischen Erkenntnissen konstruierte Sicherheitsautos
zu bauen. Dazu gehdren zum Beispiel Sicherheitsgurte, die verhindern, dass man bei einem Aufprall
durch die Frontscheibe fliegt, oder sogenannte Knautschzonen im vorderen und hinteren Bereich des
Wagens, die die Bewegungsenergie durch Verformung von Blechteilen aufzehren sollen und so die
Wucht des Aufpralls bei einem Unfall mindern.

Wie gerne wiirdest du im Zusammenhang mit diesem Thema das Folgende tun? Bitte klicke auf
"Weiter"!
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b) English Translation of the Text:

ABOUT MOVEMENTS and How to save effort

To be freed from heavy physical effort is an ancient dream of humankind, and even the ancient
Greeks were masters at saving effort. They already knew the pulley, a useful construction made of
ropes and pulleys, with which they could lift heavy temple columns, for example.

Today, there are many devices that save us effort: A hydraulic lift, for example, lifts cars in garages, a
pump brings oil from great depths to the earth's surface, and a light tap on the throttle accelerates a
sports car to 180 kilometres per hour!

But do we always realise what forces we have unleashed? Anyone who has studied physics can easily
calculate that a head-on collision of a car with a wall at a speed of only 50 kilometres per hour is as
dangerous as a fall from a height of 10 metres!

Because most accidents happen at relatively low speeds and in city traffic, many consider construct-
ing safety cars based on physics to be a way out. These include, for example, seat belts that prevent
you from flying through the windscreen in the case of a collision, or so-called crumple zones in the
front and rear of the car, which are designed to absorb kinetic energy by deforming sheet metal parts
and thus reduce the force of the collision in the event of an accident.

In relation to this topic, how interested are you in doing the following? Please click on "Next"!
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10.2.2. Newly developed introductory text on mechanics

a) Original German Text:

MECHANIK oder Was Krdfte bewirken

Nicht alles, was wir im Alltag als Kraft bezeichnen, ist auch im physikalischen Sinne eine Kraft. So hast
du bestmmt schon mal gehort, dass etwas «Kraft hat». Doch Kraft kann man nicht haben, man kann
sie nur ausiben. Oft erkennen wir eine Kraft an ihrer Wirkung, zum Beispiel etwas in Bewegung zu
versetzen oder zu verformen.

Manchmal sind wir Menschen nicht stark genug, um eine genlgend groRe Kraft auszuliben. Manch-
mal wollen wir aber einfach von schwerer korperlicher Anstrengung befreit sein. Zum Glick wusste
man schon in der Antike, wie man Krafte verstarken kann. So erfand man schon vor 3000 Jahren den
Flaschenzug, eine nitzliche Konstruktion aus Seilen und Rollen, mit der man zum Beispiel schwere
Tempelsaulen aufrichten konnte. Heute gibt es viele Gerate, die uns Anstrengungen abnehmen: Pum-
pen holen Grundwasser aus grofier Tiefe an die Erdoberflache. Hebeblihnen heben Elefanten in Tier-
kliniken, Patient*innen in Krankenhausern oder Autos in Autowerkstatten. AulRerdem genlgt ein
leichtes Tippen auf das Gaspedal, um ein Fahrzeug auf 130 km/h zu beschleunigen!

Aber macht man sich immer klar, welche Energien man dabei erreicht? Ein frontaler Aufprall eines Au-
tos auf eine Mauer bei einer Geschwindigkeit von nur 50 km/h ist zum Beispiel genauso gefahrlich wie
ein Sturz aus 10 Metern Hohe!

Um Fahrzeuge sicherer zu machen, werden Erkenntnisse der Mechanik genutzt. Zum Beispiel verhin-
dert der Sicherheitsgurt, dass du bei einem Aufprall nach vorne fliegst. AuRerdem gibt es im vorderen
und hinteren Bereich jedes Fahrzeugs sogenannte Knautschzonen, in denen die Bewegungsenergie
durch Verformung von Blechteilen aufgenommen wird. So wird die Wucht des Aufpralls bei einem
Unfall verringert.

Wie gerne wiirdest du im Zusammenhang mit diesem Thema das Folgende tun? Bitte klicke auf
"Weiter"!
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b) English Translation of the Text:

MECHANICS or What forces do

Not everything that we call a force in everyday life is actually a force in the physical sense. You have
probably heard that someone "is a force". But you can't actually be a force, you can only exert forces.
We often recognise a force by its effect, for example, to set something in motion or to deform it.

Sometimes we humans are not strong enough to exert sufficient force. Sometimes, however, we
simply want to be free from heavy physical effort. Fortunately, people already knew how to amplify
strength in ancient times. As early as 3000 years ago, people invented the pulley, a useful construc-
tion made of ropes and pulleys that could be used, for example, to put up heavy temple columns. To-
day there are many devices that relieve us of our efforts: Pumps bring groundwater from great depths
to the earth's surface. Lifting platforms lift elephants in veterinary clinics, patients in hospitals or cars
in garages. Moreover, a light tap on the throttle is enough to accelerate a vehicle to 130 km/h!

But do we always realise what energies we are reaching? For example, a head-on collision of a car
with a wall at a speed of only 50 km/h is as dangerous as a fall from a height of 10 metres!

To make vehicles safer, knowledge of mechanics is used. For example, the seat belt prevents you from
falling forward in case of a collision. In addition, there are so-called crumple zones at the front and
rear of every vehicle, in which the kinetic energy is absorbed by deforming sheet metal parts. This re-
duces the force of the collision in an accident.

In relation to this topic, how interested are you in doing the following? Please click on "Next"!
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10.2.3. Items to measure mechanics interest

Table 36. Original German wordings and English paraphrases of the item to measure mechanics inter-

est.

[tem ID Original German wording

English paraphrase

Mehr dariiber erfahren, wie Gerate funktionieren, die

Devices that amplify forces

MO01
Krafte verstarken (z.B. Flaschenzug, Hebebihne) (e.g. pulley, lifting platform)
Mehr darlber erfahren, wie man Erdél aus sehr groRRen ) ]
M02 } Pumping oil from great depths
Tiefen (z.B. aus 3000 Metern) heraufpumpen kann
Mehr darlber erfahren, wie die Wahrscheinlichkeit ei- Increase of probability and
MO03 nes Autounfalls und die Schwere der Unfallfolgen mit consequences of a car acci-
zunehmender Geschwindigkeit wachsen dent with speed
Mehr dariber erfahren, wie die Bewegungsenergie _
) . ) Transformation of energy of
(Wucht) eines Fahrzeugs in andere Energieformen o
M04 ) ) motion into other forms of en-
umgewandelt werden kann (z.B. in den Bremsen oder in
ergy
der Knautschzone)
Mehr Einblick erhalten, wie die Bewegungsenergie eines  Calculating the energy of mo-
MO05 Fahrzeugs aus seiner Geschwindigkeit berechnet wer- tion based on the speed of a
den kann car (quantitative)
MO6 Mehr Einblick erhalten, welche kraftsparenden Gerate Force-saving devices in a car
in einer Autowerkstatt verwendet werden repair shop
Mehr Einblick erhalten, welche kiinstlichen Organe (z.B. o o
) o Artificial organs and joints in
MO7 Herz als Blutpumpe) und Gelenke heute in der Medizin dici
medicine
zur Verfligung stehen
Constructing different pulleys
Mit Rollen und Seilen verschiedene Flaschenziige bauen . & purey
M08 _ and trying them out (hands-
und ausprobieren
on)
Sich ein Sicherheitsfahrzeug ausdenken, in dem auch bei o
) ) _ Designing a safety car for se-
M09 schweren Unféllen Fahrer und Beifahrer wenig oder ) )
] ] vere accidents (minds-on)
nichts passiert
Darlber nachdenken, wie man aus dem Bremsweg ei- ) i
] o Calculating the braking path
M10 nes Autos seine Geschwindigkeit vor dem Abbremsen
based on the speed of a car
berechnen kann
M11 Sich mit Unfallstatistiken beschaftigen und tber den Accident statistics and speed

Sinn von Geschwindigkeitsbegrenzungen diskutieren

limits (discussion)
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10.2.4. Items to measure physics-related self-concept

Table 37. Original German and English wordings of the items to measure physics-related self-concept.

[tem ID Original German wording English wording Aspect
Ich glaube, dass ich anspruchsvollen
8 _ . _ P . Learning advanced physics top- Physics ability
SCOo1 Stoff im Physikunterricht leicht ler- .
ics would be easy for me self-concept
nen kann.
Normalerweise kann ich Prifungsfra- | can usually give good answers ) .
. . . . , Physics ability
SC02 gen im Physikunterricht gut beant- to test questions on physics
. self-concept
worten. topics
Physics per-
Mein*e Lehrer*in sieht mich als Phy- My TA or Instructor see me as y P )
SC03 , , ceived recogni-
sik-Person. physics person _
tion
Ich lerne neuen Stoff im Physikunter- ) . ) Physics ability
SC04 , | can learn physics topics quickly
richt schnell. self-concept
Physics per-
Meine Eltern sehen mich als Physik- My parents see me as physics y P )
SCO5 ceived recogni-
Person. person ]
tion
Den Stoff im Physikunterricht finde ) . Physics ability
SC06 , , Physics topics are easy for me
ich einfach. self-concept
Physics per-
Meine Mitschiler*innen sehen mich My classmates see me as phys- y P )
SCO7 . . ceived recogni-
als Physik-Person. ics person ,
tion
Wenn ich in Physik unterrichtet When | am being taught phys- . »
) ) ) Physics ability
SC08 werde, verstehe ich neue Begriffe ics, | can understand the con-
, self-concept
leicht. cepts very well
Physics per-
Meine Freund*innen sehen mich als My friends see me as physics y P )
SCO9 . ceived recogni-
Physik-Person. person ,
tion
5C10 Es fallt mir leicht, neue Ideen im Phy- | can easily understand new Physics ability

sikunterricht zu verstehen.

ideas in physics

self-concept
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10.2.5. Version 1 of the questionnaire with original IPN mechanics text

Page 01

Von den Bewegungen 1

VON DEN BEWEGUNGEN und Wie man Kraft sparen kann

Von schwerer kdrperlicher Anstrengung befreit zu sein, ist ein uralter Menschheitstraum, und schon die alten
Griechen waren Meister darin, Kraft zu sparen. So kannten sie schon den Flaschenzug, eine sinnvolle
Konstruktion aus Seilen und Rollen, mit der sie zum Beispiel schwere Tempelsaulen aufrichten konnten.

Heute gibt es viele Gerate, die uns Anstrengungen abnehmen: Eine hydraulische Hebebiihne hebt zum Beispiel
Autos in Autowerkstatten, eine Pumpe holt Erddl aus grolRer Tiefe an die Erdoberflache, und ein leichtes Tippen
auf das Gaspedal beschleunigt den Sportwagen auf 180 Sachen (Kilometer pro Stunde)!

Aber macht man sich immer klar, welche Krafte man da entfesselt hat? Wer Physik gelernt hat, der kann leicht
ausrechnen, dass ein frontaler Aufprall eines Autos auf eine Mauer bei einer Geschwindigkeit von nur 50
Kilometer pro Stunde genauso gefahrlich ist wie ein Sturz aus 10 Meter Hohe!

Weil die meisten Unfélle bei verhaltnismaRig geringen Geschwindigkeiten und im Stadtverkehr passieren, sehen
viele einen Ausweg darin, nach physikalischen Erkenntnissen konstruierte Sicherheitsautos zu bauen. Dazu
gehoren zum Beispiel Sicherheitsgurte, die verhindern, dass man bei einem Aufprall durch die Frontscheibe
fliegt, oder sogenannte Knautschzonen im vorderen und hinteren Bereich des Wagens, die die
Bewegungsenergie durch Verformung von Blechteilen aufzehren sollen und so die Wucht des Aufpralls bei einem
Unfall mindern.

Wie gerne wiirdest du im Zusammenhang mit diesem Thema das Folgende tun? Bitte klicke auf "Weiter"!
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Page 02

Von den Bewegungen 2

Mein Interesse daran ist

sehr

sehrgrof  grof mittel gering gering
Mehr dariiber erfahren, wie Gerite funktionieren, die (@) (@) (@) (@) (@)
Krafte verstarken (z.B. Flaschenzug, Hebebiihne)
Mehr dariiber erfahren, wie man Erdél aus sehr groRen O O O O O
Tiefen (z.B. aus 3000 Metern) heraufpumpen kann
Mehr dariiber erfahren, wie die Wahrscheinlichkeit eines (@) (@) (@) (@) (@)
Autounfalls und die Schwere der Unfallfolgen mit
zunehmender Geschwindigkeit wachsen
Mehr dariiber erfahren, wie die Bewegungsenergie O O O O O
(Wucht) eines Fahrzeugs in andere Energieformen
umgewandelt werden kann (z.B. in den Bremsen oder in
der Knautschzone)
Mehr Einblick erhalten, wie die Bewegungsenergie eines O O O O O
Fahrzeugs aus seiner Geschwindigkeit berechnet werden
kann
Mehr Einblick erhalten, welche kraftsparenden Gerite in O O O O O
einer Autowerkstatt verwendet werden
Mehr Einblick erhalten, welche kiinstlichen Organe (z.B. (@) (@) (@) (@) (@)
Herz als Blutpumpe) und Gelenke heute in der Medizin zur
Verfligung stehen
Mit Rollen und Seilen verschiedene Flaschenziige bauen O O O O O
und ausprobieren
Sich ein Sicherheitsfahrzeug ausdenken, in dem auch bei O O O O O
schweren Unféllen Fahrer und Beifahrer wenig oder nichts
passiert
Dariiber nachdenken, wie man aus dem Bremsweg eines O O O O O
Autos seine Geschwindigkeit vor dem Abbremsen
berechnen kann
Sich mit Unfallstatistiken beschaftigen und tber den Sinn O O O O O

von Geschwindigkeitsbegrenzungen diskutieren
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Wie ausfiihrlich wurde dieses Thema im Unterricht behandelt?

aus?(?::lich ausfithrlich  mittel  nurkurz  gar nicht
Kraft O O O O O
Geschwindigkeit 0] O O O ®)
Bewegungsenergie O O O O O
Pumpe O O O O O
Flaschenzug O O O O O
Hebebiihne O O O O O
Bremsweg O O O O O

Page 03
Teilchenphysik 1

TEILCHENPHYSIK oder Woraus wir eigentlich bestehen

Alles, was man zumindest theoretisch bertihren kann, wird als Materie bezeichnet. Dazu zdhlen nicht nur wir
Menschen, sondern auch Sterne und Planeten. Teilchenphysiker*innen erforschen, woraus alle Materie besteht
und was ihre Bestandteile zusammenhalt. Ein menschliches Haar zum Beispiel ist aus Atomen aufgebaut, und ein
Atom aus einem Atomkern-Bereich und Elektronen, die diesen umgeben. Das Elektron ist ein sogenanntes
Elementarteilchen. Diese sind unteilbar.

Erkenntnisse iber den Aufbau der Materie gewinnt man mithilfe von Experimenten. Zum Beispiel beschleunigt
man Teilchen auf sehr hohe Geschwindigkeiten, um sie dann zusammenstoRen zu lassen. Bei diesem
Zusammenstol} entstehen neue Teilchen, die von Detektoren aufgezeichnet werden. Diese sind mehrere
Stockwerke hohe Geréte, die bis zu 40 Millionen Aufzeichnungen pro Sekunde machen kénnen.
Teilchenphysiker*innen werten diese Aufzeichnungen aus. So kdnnen sie zum Beispiel die Prozesse erforschen,
die sehr kurz nach dem Urknall stattgefunden haben, um besser zu verstehen, wie unser Universum entstanden
ist.

Im Grunde kénnen wir alle physikalischen Phanomene auf die Wechselwirkungen zwischen Teilchen
zurilickfhren, wenn wir ganz genau hinschauen. Zum Beispiel wechselwirken Elektronen miteinander, weil sie
eine elektrische Ladung haben: Diese Wechselwirkung verhindert, dass du durch den Stuhl fallst, auf dem du
vermutlich gerade sitzt. Denn die Elektronen deines Kérpers und die Elektronen des Stuhls stolen sich
gegenseitig ab und kénnen nicht beliebig nah zusammengebracht werden.

AuBerdem hat Forschung in der Teilchenphysik viele Anwendungen, zum Beispiel bei der Diagnose und
Behandlung von Krankheiten oder bei der Feststellung der Echtheit eines Kunstwerks.

Wie gerne wiirdest du im Zusammenhang mit diesem Thema das Folgende tun? Bitte klicke auf "Weiter"!
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Page 04
Teilchenphysik 2

Mein Interesse daran ist

sehr

sehr grof grofd mittel gering gering
Mehr dariiber erfahren, wie Gerite funktionieren, die O O O O O
Teilchen detektieren (z.B. Digitalkamera)
Mehr dartiber erfahren, wie Teilchenphysik zum O O O O O
Verstdndnis des Urknalls beitragt
Mehr dariiber erfahren, wie mithilfe von (@) (@) (@) (@) (@)
Teilchendetektoren geschmuggelte Waffen in einem
Container entdeckt werden kénnen
Mehr dariiber erfahren, welche Elementarteilchen man im O O O O O
Atomkern-Bereich findet
Mehr dariiber erfahren, wie groR die Massen der O O O O O
Elementarteilchen im Vergleich zueinander sind
Mehr Einblick erhalten, wie in der Elektronik-Industrie mit O O O O O
Teilchenbeschleunigern gearbeitet wird
Mehr Einblick erhalten, wie in einem medizinischen O O O O O
Diagnose-Zentrum gearbeitet wird
Ein Handy in einen Teilchendetektor umbauen und O O O O O
ausprobieren
Ein Experiment planen, um zu zeigen, wie Teilchen O O O O O
beschleunigt werden
Berechnen, wie groR die Fnergie beim ZusammenstoR O O O O O
zweier Teilchen ist, die sich mit nahezu
Lichtgeschwindigkeit bewegen
Dariiber diskutieren, wie Erkenntnisse in der O O O O O

Teilchenphysik unser Alltagsleben verandert haben
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Wie ausfiihrlich wurde dieses Thema im Unterricht behandelt?

sehr
ausfUhrlich ausfihrlich  mittel  nurkurz gar nicht

Elementarteilchen O O O O O
Teilchendetektor O O O O O
Teilchenbeschleuniger O O O O O
Atomkern-Bereich O O O O O
Elektron O O O O O
Urknall O 0] ®) O O
Lichtgeschwindigkeit O O O O O

Page 05
Vergleich

Mein Interesse daran ist

sehr
sehrgrol  grof mittel gering gering
Teilchenphysik O O O O O

Von den Bewegungen O O O O O
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Page 06

Wie sehr stimmst du mit den folgenden Aussagen Uberein?

stimme  stimme
stimme  stimme eher nicht gar nicht
ganzzu  eherzu zu zu

Ich glaube, dass ich anspruchsvollen Stoff im Physikunterricht leicht O O O O
lernen kann.

O
O
O
O

Normalerweise kann ich Prifungsfragen im Physikunterricht gut
beantworten.

Mein*e Lehrer*in sieht mich als Physik-Person.
Ich lerne neuen Stoff im Physikunterricht schnell.
Meine Eltern sehen mich als Physik-Person.

Den Stoff im Physikunterricht finde ich einfach.

Meine Mitschiler*innen sehen mich als Physik-Person.

O O O O O O
O O O O O O
O O O O O O
O O O O O O

Wenn ich in Physik unterrichtet werde, verstehe ich neue Begriffe
leicht.

O
O
O
O

Meine Freund*innen sehen mich als Physik-Person.

O
O
O
O

Es fallt mir leicht, neue Ideen im Physikunterricht zu verstehen.

Bitte kreuze dein Geschlecht an.

() weiblich
(O mannlich
() keine Angabe

Wie alt bist du?

() 14 )ahre
O 15 Jahre
() 16 Jahre

(@] ‘Andere
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Welche Sprache sprecht ihr bei dir zu Hause am meisten?

(O Deutsch
() eine andere Sprache

() beide gleich viel

In welcher Schulstufe bist du?

() 8. Schulstufe
(O 9. Schulstufe

O ‘Andere

Welche Art von Schule besuchst du?

() Gymnasium
O ‘Andere

Wie lautet dein Klassencode?

|2.B. BO1 (siehe E-Mail)

Deine Meinung ist gefragt!

Kommentare/Winsche/Anregungen

Last Page

Ein ganz groRes Dankeschdn an dich fir deine Teilnahme! :)

Deine Antworten wurden gespeichert. Du kannst das Browser-Fenster nun schlielen.
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10.2.6. Version 2 of the questionnaire with new mechanics text

Page 01
Mechanik 1

MECHANIK oder Was Kréfte bewirken

Nicht alles, was wir im Alltag als Kraft bezeichnen, ist auch im physikalischen Sinne eine Kraft. So hast du
bestimmt schon mal gehort, dass etwas «Kraft hat». Doch Kraft kann man nicht haben, man kann sie nur
ausliben. Oft erkennen wir eine Kraft an ihrer Wirkung, zum Beispiel etwas in Bewegung zu versetzen oder zu
verformen.

Manchmal sind wir Menschen nicht stark genug, um eine genligend grofRe Kraft auszutiben. Manchmal wollen
wir aber einfach von schwerer kérperlicher Anstrengung befreit sein. Zum Gliick wusste man schon in der Antike,
wie man Krafte verstarken kann. So erfand man schon vor 3000 Jahren den Flaschenzug, eine natzliche
Konstruktion aus Seilen und Rollen, mit der man zum Beispiel schwere Tempelsdulen aufrichten konnte. Heute
gibt es viele Gerate, die uns Anstrengungen abnehmen: Pumpen holen Grundwasser aus groRer Tiefe an die
Erdoberfliche. Hebebihnen heben Elefanten in Tierkliniken, Patient*innen in Krankenhdusern oder Autos in
Autowerkstatten. AulRerdem genligt ein leichtes Tippen auf das Gaspedal, um ein Fahrzeug auf 130 km/h zu
beschleunigen!

Aber macht man sich immer klar, welche Energien man dabei erreicht? Ein frontaler Aufprall eines Autos auf eine
Mauer bei einer Geschwindigkeit von nur 50 km/h ist zum Beispiel genauso gefahrlich wie ein Sturz aus 10
Metern Hohe!

Um Fahrzeuge sicherer zu machen, werden Erkenntnisse der Mechanik genutzt. Zum Beispiel verhindert der
Sicherheitsgurt, dass du bei einem Aufprall nach vorne fliegst. Aullerdem gibt es im vorderen und hinteren
Bereich jedes Fahrzeugs sogenannte Knautschzonen, in denen die Bewegungsenergie durch Verformung von
Blechteilen aufgenommen wird. So wird die Wucht des Aufpralls bei einem Unfall verringert.

Wie gerne wiirdest du im Zusammenhang mit diesem Thema das Folgende tun? Bitte klicke auf "Weiter"!
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Page 02
Mechanik 2

Mein Interesse daran ist

sehr

sehrgroR  groR mittel gering gering
Mehr dariiber erfahren, wie Gerite funktionieren, die O O O O O
Krafte verstarken (z.B. Flaschenzug, Hebebiihne)
Mehr dariiber erfahren, wie man Erdél aus sehr groRen O O O O O
Tiefen (z.B. aus 3000 Metern) heraufpumpen kann
Mehr dariiber erfahren, wie die Wahrscheinlichkeit eines (@) (@) (@) (@) O
Autounfalls und die Schwere der Unfallfolgen mit
zunehmender Geschwindigkeit wachsen
Mehr dariiber erfahren, wie die Bewegungsenergie O O O O O
(Wucht) eines Fahrzeugs in andere Energieformen
umgewandelt werden kann (z.B. in den Bremsen oder in
der Knautschzone)
Mehr Einblick erhalten, wie die Bewegungsenergie eines O O O O O
Fahrzeugs aus seiner Geschwindigkeit berechnet werden
kann
Mehr Einblick erhalten, welche kraftsparenden Gerite in (@) (@) (@) (@) O
einer Autowerkstatt verwendet werden
Mehr Einblick erhalten, welche kiinstlichen Organe (z.B. (@] (@] (@] (@] (@)
Herz als Blutpumpe) und Gelenke heute in der Medizin zur
Verfligung stehen
Mit Rollen und Seilen verschiedene Flaschenziige bauen O O O O O
und ausprobieren
Sich ein Sicherheitsfahrzeug ausdenken, in dem auch bei (@) (@) (@) (@) O
schweren Unféllen Fahrer und Beifahrer wenig oder nichts
passiert
Dariiber nachdenken, wie man aus dem Bremsweg eines O O O O O
Autos seine Geschwindigkeit vor dem Abbremsen
berechnen kann
Sich mit Unfallstatistiken beschiftigen und tber den Sinn (@) (@) (@) (@) O

von Geschwindigkeitsbegrenzungen diskutieren
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Wie ausflihrlich wurde dieses Thema im Unterricht behandelt?

aus:i?::lich ausfihrlich  mittel  nurkurz  gar nicht
Kraft O O O O @)
Geschwindigkeit (0] O O O ®)
Bewegungsenergie O O O O O
Pumpe o o O O O
Flaschenzug O O O O @)
Hebebiihne O O O O ®)
Bremsweg O O O O O

Page 03
Teilchenphysik 1

TEILCHENPHYSIK oder Woraus wir eigentlich bestehen

Alles, was man zumindest theoretisch bertihren kann, wird als Materie bezeichnet. Dazu zdhlen nicht nur wir
Menschen, sondern auch Sterne und Planeten. Teilchenphysiker*innen erfarschen, woraus alle Materie besteht
und was ihre Bestandteile zusammenhalt. Ein menschliches Haar zum Beispiel ist aus Atomen aufgebaut, und ein
Atom aus einem Atomkern-Bereich und Elektronen, die diesen umgeben. Das Elektron ist ein sogenanntes
Elementarteilchen. Diese sind unteilbar.

Erkenntnisse (iber den Aufbau der Materie gewinnt man mithilfe von Experimenten. Zum Beispiel beschleunigt
man Teilchen auf sehr hohe Geschwindigkeiten, um sie dann zusammenstolRen zu lassen. Bei diesem
Zusammenstol’ entstehen neue Teilchen, die von Detektoren aufgezeichnet werden. Diese sind mehrere
Stockwerke hohe Gerate, die bis zu 40 Millionen Aufzeichnungen pro Sekunde machen kénnen.
Teilchenphysiker*innen werten diese Aufzeichnungen aus. So kdnnen sie zum Beispiel die Prozesse erforschen,
die sehr kurz nach dem Urknall stattgefunden haben, um besser zu verstehen, wie unser Universum entstanden
ist.

Im Grunde kénnen wir alle physikalischen Phanomene auf die Wechselwirkungen zwischen Teilchen
zuriickfiihren, wenn wir ganz genau hinschauen. Zum Beispiel wechselwirken Elektronen miteinander, weil sie
eine elektrische Ladung haben: Diese Wechselwirkung verhindert, dass du durch den Stuhl fallst, auf dem du
vermutlich gerade sitzt. Denn die Elektronen deines Kérpers und die Elektronen des Stuhls stolRen sich
gegenseitig ab und kdnnen nicht beliebig nah zusammengebracht werden.

Aulerdem hat Forschung in der Teilchenphysik viele Anwendungen, zum Beispiel bei der Diagnose und
Behandlung von Krankheiten oder bei der Feststellung der Echtheit eines Kunstwerks.

Wie gerne wiirdest du im Zusammenhang mit diesem Thema das Folgende tun? Bitte klicke auf "Weiter"!
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Page 04
Teilchenphysik 2

Mein Interesse daran ist

sehr

sehrgrof  grof mittel gering gering
Mehr dariiber erfahren, wie Gerite funktionieren, die O O O O O
Teilchen detektieren (z.B. Digitalkamera)
Mehr dariiber erfahren, wie Teilchenphysik zum O O O O O
Verstandnis des Urknalls beitragt
Mehr dariiber erfahren, wie mithilfe von O O O O O
Teilchendetektoren geschmuggelte Waffen in einem
Container entdeckt werden kdnnen
Mehr dariiber erfahren, welche Elementarteilchen man im O O O O (@)
Atomkern-Bereich findet
Mehr dariiber erfahren, wie groR die Massen der (@) (@) (@) (@) (@)
Elementarteilchen im Vergleich zueinander sind
Mehr Einblick erhalten, wie in der Elektronik-Industrie mit O O O O O
Teilchenbeschleunigern gearbeitet wird
Mehr Einblick erhalten, wie in einem medizinischen O O O O O
Diagnose-Zentrum gearbeitet wird
Ein Handy in einen Teilchendetektor umbauen und O O O O O
ausprobieren
Ein Experiment planen, um zu zeigen, wie Teilchen O O O O O
beschleunigt werden
Berechnen, wie groR die Energie beim ZusammenstoR O O O O O
zweier Teilchen ist, die sich mit nahezu
Lichtgeschwindigkeit bewegen
Dartiber diskutieren, wie Erkenntnisse in der (@) (@) (@) (@) (@)

Teilchenphysik unser Alltagsleben verandert haben
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Wie ausfiihrlich wurde dieses Thema im Unterricht behandelt?

sehr
ausfiihrlich ausfihrlich  mittel nur kurz  gar nicht
Elementarteilchen O O O O O
Teilchendetektor O O O O O
Teilchenbeschleuniger O O O O O
Atomkern-Bereich (@) O O O O
Elektron O O O O O
Urknall 0 ) O O O
Lichtgeschwindigkeit O O O O @)

Page 05

Allgemeininteresse

Mein Interesse daran ist

sehr
sehrgrol  groR mittel gering gering
Teilchenphysik O O O O @)

Mechanik O O O O O
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Page 06

Wie sehr stimmst du mit den folgenden Aussagen Gberein?

stimme  stimme
stimme  stimme eher nicht gar nicht
ganzzu  eherzu zu zu

Ich glaube, dass ich anspruchsvollen Stoff im Physikunterricht leicht O O O O
lernen kann.

o)
o)
o)
o)

Normalerweise kann ich Prifungsfragen im Physikunterricht gut
beantworten.

Mein*e Lehrer*in sieht mich als Physik-Person.
Ich lerne neuen Stoff im Physikunterricht schnell.
Meine Eltern sehen mich als Physik-Person.

Den Stoff im Physikunterricht finde ich einfach.

Meine Mitschiiler*innen sehen mich als Physik-Person.

O O 0O O O O
O O 0O O O O
O O 0O O O O
O O 0O O O O

Wenn ich in Physik unterrichtet werde, verstehe ich neue Begriffe
leicht.

O
O
O
O

Meine Freund*innen sehen mich als Physik-Person.

O
O
O
O

Es fallt mir leicht, neue Ideen im Physikunterricht zu verstehen.

Bitte kreuze dein Geschlecht an.

() weiblich
() mannlich
() keine Angabe

Wie alt bist du?

() 14 Jahre
O 15Jahre
() 16 Jahre

(@) ‘Andere
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Welche Sprache sprecht ihr bei dir zu Hause am meisten?

() Deutsch
() eine andere Sprache

() beide gleich viel

In welcher Schulstufe bist du?

() 8. Schulstufe
(O 9. Schulstufe

(@) ‘Andere

Welche Art von Schule besuchst du?

() Gymnasium
O ‘Andere

Wie lautet dein Klassencode?

|2.B. BO1 (siehe E-Mail)

Deine Meinung ist gefragt!

Kommentare/Wiinsche/Anregungen

Last Page

Ein ganz grolRes Dankeschon an dich fir deine Teilnahmel :)

Deine Antworten wurden gespeichert. Du kannst das Browser-Fenster nun schliefRen.
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10.2.7. Item tables of the groups of interest in mechanics and particle physics

The following tables present more detailed information about the items to assess interest in
mechanics and particle physics for the different groups of interest in mechanics and particle physics,
respectively, based on the sample size for calculating the mixed Rasch models (N = 1187). Total score
refers to the total raw score of all respondents who answered the item. Total count refers to the total
number of respondents who answered the item. Measure refers to the Rasch item measure in logit
units. Lower and higher item measures represent more and less interesting items, respectively. Model
SE refers to the standard error of the item measure in logit units. ZQ refers to a fit statistic based on

guotient of log-likelihood ratios.

Table 38. Group 1um

Item ID | Total score | Total count | [tem measure [logits] | Model SE [logits] | ZQ
M01 1456 478 0.49 0.07 -0.02
MOQ2 1452 478 0.45 0.07 1.43
M03 1766 478 -0.75 0.07 0.07
MO04 1485 478 0.38 0.07 -0.28
MOQO5 1415 478 0.68 0.07 -0.05
MO6 1423 478 0.60 0.07 1.28
MO7 1974 478 -1.66 0.07 -0.87
M08 1529 478 0.15 0.07 -1.01
M09 1797 478 -0.87 0.07 -0.89
M10 1426 478 0.60 0.07 0.04
M11 1588 478 -0.06 0.07 0.56

Table 39. Group 2u

Item ID | Total score | Total count | [tem measure [logits] | Model SE [logits] | ZQ
M01 1042 351 0.05 0.06 1.63
M02 1196 351 -0.38 0.06 0.87
MO3 1205 351 -0.47 0.06 -0.45
M04 845 351 0.64 0.06 -0.88
MO5 692 351 1.17 0.07 0.42
MO06 862 351 0.61 0.06 0.59
MO7 1507 351 -1.52 0.07 0.48
MO8 1383 351 -0.97 0.06 -0.28
M09 1303 351 -0.77 0.06 -1.34
M10 710 351 1.11 0.07 -0.23
M1l 871 351 0.53 0.06 -0.77
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Table 40. Group 3um

Item ID | Total score | Total count | [tem measure [logits] | Model SE [logits] | ZQ
MO1 499 201 0.34 0.07 1.09
MO02 563 201 0.11 0.07 1.78
MO03 742 201 -0.67 0.07 -0.58
M04 517 201 0.26 0.07 -0.47
MO5 492 201 0.43 0.07 -1.26
MO6 451 201 0.56 0.07 -0.51
MO07 838 201 -1.27 0.09 -0.36
M08 409 201 0.62 0.09 0.56
MQ9 693 201 -0.45 0.07 0.74
M10 499 201 0.43 0.07 -0.82
M11 684 201 -0.35 0.07 -0.17

Table 41. Group 4um

Item ID | Total score | Total count | Item measure [logits] | Model SE [logits] | ZQ
MO01 542 157 -0.13 0.08 0.26
MO02 511 157 0.03 0.08 1.24
MO03 549 157 -0.26 0.08 -0.33
M04 555 157 -0.18 0.08 -0.88
MO5 551 157 -0.20 0.08 -0.16
MO6 503 157 0.11 0.08 -0.33
MO7 401 157 0.52 0.08 1.30
M08 487 157 0.22 0.08 0.58
MQ09 527 157 -0.17 0.08 -0.50
M10 539 157 -0.14 0.08 -0.72
M11 484 157 0.21 0.08 -0.32

Table 42. Group 1¢p

Item ID | Total score | Total count | [tem measure [logits] | Model SE [logits] | ZQ
PPO1 1809 567 0.08 0.06 0.83
PPO2 1932 567 -0.24 0.06 -0.72
PPO3 2247 567 -1.10 0.06 -0.76
PPO4 1625 567 0.62 0.06 -0.43
PPO5 1363 567 1.40 0.06 0.15
PPO6 1668 567 0.53 0.06 0.04
PPO7 2168 567 -0.85 0.06 0.40
PPO8 2195 567 -0.95 0.06 -1.27
PP0O9S 1907 567 -0.15 0.06 -0.14
PP10 1662 567 0.49 0.06 0.94
PP11 1785 567 0.17 0.06 1.18
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Table 43. Group 2¢p

Item ID | Total score | Total count | [tem measure [logits] | Model SE [logits] | ZQ
PPO1 1058 370 -0.15 0.05 -0.44
PPO2 1109 370 -0.26 0.05 -0.10
PPO3 1280 370 -0.61 0.05 0.02
PPO4 828 370 0.28 0.05 -0.45
PPO5 656 370 0.70 0.05 -0.87
PPO6 764 370 0.39 0.05 -1.13
PPO7 1210 370 -0.46 0.05 3.57
PPO8 1201 370 -0.45 0.05 0.61
PPO9 943 370 0.03 0.05 -0.06
PP10 781 370 0.37 0.05 -191
PP11 892 370 0.15 0.05 -0.92

Table 44. Group 3

Item ID | Total score | Total count | Item measure [logits] | Model SE [logits] | ZQ
PPO1 980 250 -0.02 0.09 0.15
PPO2 1085 250 -0.81 0.09 -0.82
PPO3 953 250 0.04 0.09 0.95
PPO4 996 250 -0.11 0.09 -0.36
PPO5 901 250 0.57 0.09 0.03
PPO6 947 250 0.19 0.09 -0.10
PPO7 793 250 1.07 0.09 1.47
PPO8 1024 250 -0.41 0.09 -0.31
PPOS 1020 250 -0.28 0.09 -0.47
PP10 1057 250 -0.52 0.09 -0.74
PP11 933 250 0.28 0.09 0.21
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10.2.8. Wright Maps of the groups of interest in mechanics and particle physics

The following figures present the Wright Maps for the items to assess interest in mechanics
and particle physics and the respondents assigned to the different groups of interest in mechanics and
particle physics, respectively, based on the sample size for calculating the mixed Rasch models
(N=1187). The y-axis shows the person and item measures, respectively, in logit units. On the left side
of each Wright Map the relative number of students per logit range of person measures is shown. The
person measures represent the students’ degrees of interest in mechanics or particle physics, respec-
tively. On the right side of each Wright Map the items to assess interest in mechanics or particle physics,
respectively, are shown.
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Wright Map
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