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ABSTRACT ARTICLE HISTORY

Given the importance of fostering students’ interest as a goal of Received 19 November 2021

physics education in meeting international science standards, Accepted 5 September 2022

empirical support for the theoretical description of the interest

construct is essential. Empirical studies require the use of | e -
- - . nterest; particle physics;

psychometrlca!ly sound measurement instruments. T.hIS stgdy instrument development;

developed an instrument to measure students’ interest in particle Rasch analysis; physics

physics (IPPl). Drawing from previous research, we defined education research

interest in particle physics, identified corresponding behaviours,

and proposed a hierarchy of students’ levels of interest in particle

physics. Then, we developed the IPPI, using rating scale items

that assessed the latent trait developed from our theory

regarding the degree of interest in particle physics. We tested the

IPPI in student think-aloud interviews and validated it in a field

test on a sample comprising 99 German-speaking grade 9

students. A Rasch analysis provided evidence supporting the

content, construct, statistical, and fit validity of the IPPl. We

revised the hypothesised hierarchy of students’ levels of interest

in particle physics based on the item hierarchy revealed by the

Rasch analysis. We associated each level with different contexts,

such as socio-scientific issues. Knowing about these levels of

interest in particle physics can help educators design their

learning activities better and foster their students’ interest.

KEYWORDS

Introduction

Fostering interest in physics is a key component in national and international physics
education standards (National Research Council, 2013; OECD, 2017). Empirical
research has found that interest enhances persistence and achievement while engaging
with an object (de Barba et al.,, 2016; Kauertz & Fischer, 2006; Nuutila et al., 2020).
Interest plays an important role in shaping students’ course and career choices
(Ainley & Ainley, 2011; Maltese & Tai, 2011; Tyson et al., 2007). Nevertheless, stu-
dents’ interest in physics decreases over time despite various efforts invested by
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educators in making learning activities more interesting (Galton, 2009; Haufller et al.,
1998; Osborne et al., 2003).

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 environ-
ments, for example, a science centre (Blankenburg et al., 2016; Dierks et al., 2016; Hauf3ler
et al,, 1998; OECD, 2007, 2016; Sjoberg & Schreiner, 2012). The context of a learning
activity is more important than its content, task, or learning environment when fostering
interest in physics (Haufller et al., 1998; Sjoberg & Schreiner, 2012). The term ‘context’
refers to the ‘storyline’ of a learning activity (Mestre, 2002); that is, the situations and cir-
cumstances in which or the motives for which the respective content is meaningful
(HauBler, 1987; Haufller et al., 1996; Haufller et al, 1998; Rost et al., 1999; Sievers,
1999). In this sense, the context of a learning activity is also considered the combination
of a focal event’ and its corresponding fields of action (Duranti & Goodwin, 1992;
Gilbert, 2006; Habig et al., 2018). In addition to examining the four different aspects of
physics listed above, education researchers have examined student characteristics that cor-
relate with their interest in physics, such as age, gender, achievement, and physics-related
self-concepts (Cheung, 2018; Haufller et al., 1998; Haufller et al., 1998; Kalender et al., 2019;
Lavonen et al., 2021; Nuutila et al., 2020; OECD, 2007, 2016; Sjoberg & Schreiner, 2012).

An important empirical study on interest in physics that considers the different
aspects of physics and students’ characteristics is the ‘IPN Interessensstudie Physik’ con-
ducted by the Leibniz Institute for Science and Mathematics Education (IPN) at the Uni-
versity of Kiel (Haufller, 1987; Haufller et al., 1996; Haufller et al., 1998; Haufiler et al.,
1998; Rost et al., 1999; Sievers, 1999). In this study, students’ specific interest profiles and
characteristics were used to categorise them into different types of interest (Haufller et al.,
1998). 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, appli-
cations, and society (Sievers, 1999).

Although more recent research projects (e.g. Drechsel et al., 2011; Levrini et al., 2017)
have also distinguished everyday life contexts from others, such as purely scientific con-
texts, 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 content
areas, such as particle physics. Modern physics content areas are already included in
international physics curricula, such as the International Baccalaureate Physics curricu-
lum, 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 signifi-
cance. 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 existential questions of humankind (e.g. ‘Where do we come from?’). Previous
studies indicate that certain contexts are more interesting for students than others. In
particular, most students demonstrate a high interest in the following contexts: the devel-
opment of the universe (OECD, 2016), the possibility of life outside earth (Sjoberg &
Schreiner, 2012), and the human body (Héaufiler et al., 1998). Our study aims to investi-
gate students’ interest in particle physics. As outlined above, different content of particle
physics can be set in different contexts. We hypothesise that there are different levels of
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interest in particle physics, each associated with different contexts of particle physics. To
examine these levels of interest in particle physics, a conceptualisation of such interest is
necessary. Subsequently, the conceptualisation of students’ interest in particle physics is
the core objective of this study.

First, we defined interest in particle physics and identified the corresponding behaviours
that are aligned with the results of past empirical research, such as the IPN study (Haufller
etal., 1998). Second, we derived a theoretical hierarchy of students’ levels of interest in par-
ticle physics. Third, we developed and evaluated the psychometric properties of an instru-
ment to measure particle physics interest (IPPI). The development procedures were guided
by the application of Rasch theory and analysis. They included the creation of an initial
item pool and the careful selection of items for the IPPI. Based on a Rasch analysis of
the data collected with the IPPI, we propose a potential hierarchy of students’ levels of
interest in particle physics. We formulated three research questions to guide our study:

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
qualitatively by associating each level with different contexts?

Interest in physics

In this section, we describe the psychological construct ‘interest’ and distinguish it from
similar constructs. We summarise the development of students’ interest and describe the
common assessment methods.

The psychological construct ‘interest’

The structure of the psychological construct ‘interest’ was described by Krapp’s (2002)
‘Person-object-theory of interest’. Here, interest refers to the relationship between a
person and an object (Krapp, 2002). Interest is multifaceted as it involves emotional,
value-related, and cognitive-epistemic components (Krapp & Prenzel, 2011): The
emotional component refers to the emotions associated with an object; the value-
related component considers the significance of an object for a person; and the cogni-
tive-epistemic component comprises the desire to understand better or learn or know
more about an object.

Development of 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 ‘habitual’ or ‘dispositional interest’, describes a relatively stable per-
sonality trait. Second, operating interest refers to the psychological state of being inter-
ested while engaging with an object and is associated with ‘focused attention,
increased cognitive functioning, persistence, and affective involvement’ (p. 32).
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Operating interest can be caused by an existing individual interest or external factors,
that is, the interestingness of an object. In the latter case, operating interest refers to
‘situational interest’.

Hidi and Renninger (2006) introduced the ‘Four-phase model of interest develop-
ment’, which explains how situational interest towards an object develops into individual
interest, as illustrated in Figure 1. In this model, the four phases of interest development
are distinguished by the emotional, value-related, and cognitive-epistemic components
of interest (Blankenburg & Scheersoi, 2018). Initially, the emotional component prevails,
but it becomes less important from phase to phase, wherein the value-related and cogni-
tive-epistemic components become more important (Hidi & Renninger, 2006).

Previous studies (e.g. OECD, 2007, 2016) have demonstrated that students’ interest in
physics content is low compared to, for example, biology and chemistry content. Hence,
based on Hidi and Renninger’s (2006) model, we assume that many students have not
developed a more stable form of interest in physics content. Consequently, when
aiming to foster interest in physics, many students might benefit from activities targeting

“Hold”: Engagement with
an object, recognition of
personal value, and

No external trigger,
already existing
knowledge, desire to

positive feelings
(Mitchell, 1993) 2 Ielc.m more
= value-related = coghnitive-epistemic
component Maintained component
situational 3
interest 5
Emerging
‘ individual
interest
4-phase
“Catch”: Fostered by model of
gnofher per_son pr a interest
particular situation, involves
positive and negative dQYe|Opmenf
emotions (Mitchell, 1993) (Hidi & ’ngmngeﬂ
= emotional component Triggered )
situational
interest Desire to learn more -
even when associated
Well- with difficulties
= cognitive-epistemic
d.ev<?lc_>ped component
individual

Interesting- interest
ness

PERSON

OBJECT

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, 2002) and
the ‘Four-phase model of interest development’ (Hidi & Renninger, 2006)
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the emotional component of interest, whereas only a few students might benefit from
activities targeting the value-related component, and even fewer students might appreci-
ate activities targeting the cognitive-epistemic component.

The measurement of interest in physics

To measure students’ interest in physics, various methods are commonly applied. Often,
aspects of interest are assessed with open-ended questions or rating scale items (Krapp &
Prenzel, 2011). Data regarding students’ interest can be collected without presenting the
students with any prior stimulus as done, for example, in the Programme for International
Student Assessment (PISA; Frey et al., 2009; Mang et al., 2019) and the Relevance of
Science Education (Sjoberg & Schreiner, 2012) studies. Students’ interest can also be
assessed during or after a learning sequence has been completed, such as in the PISA
2006 study (Frey et al., 2009) and by Rosler et al. (2018). Finally, data regarding students’
interest can be collected by presenting the students with an introductory text to the
assessed object of interest as done, for example, in the IPN study (Haufller et al., 1998).

When deciding on a method to measure students’ interest in a certain content area,
such as particle physics, we must take their prior experience with the content area into
account. 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, in our
opinion, the IPN study method is best suited to measure students’ interest in particle
physics, that is, to present the students with an introductory text and rating scale
items. The introductory text aims to cover students” possible deficit in prior experience
with the content area by giving them an idea of what it is about. We argue that students
express operational interest in each item (see the section titled ‘development of interest’)
while filling in such a measurement instrument. Operational 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. Operational interest may also be caused by the students’
already existing individual interest.

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 conceptualising interest in particle physics, creating an initial item pool, pilot-
ing potential instrument items, selecting items for the final version of the IPPI, conduct-
ing a psychometric analysis of the IPPI, and comparing the theoretical conceptualisation
of interest in particle physics to the item hierarchy revealed by the Rasch analysis.

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
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et al,, 2011; Haufler et al., 1998; Levrini et al., 2017; Sievers, 1999; Sjoberg & Schreiner,
2012), we identified behaviours that represent different degrees of interest in particle
physics. We hypothesised that there are several levels of interest 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 on the context is based on previous empirical studies that have found or dis-
cussed the importance of the context for students’ learning progression and achievement
in cognitive assessments (Bennett et al., 2007; Hartig et al., 2020; Hauf3ler et al., 1998;
Mesic & Muratovic, 2011; Neumann et al., 2013; Rosler et al., 2018; Sjoberg & 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 category 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 quan-
titative 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 ‘physical/technology systems’ found by Drechsel et al. (2011).

Characterisation of item categories

Based on the conceptualisation of ‘interest in particle physics’, we characterised item cat-
egories for the IPPI. We decided to model the IPPI on the IPN instrument in German
(Haufler, Lehrke, et al., 1998) for the following reason. The IPN instrument examines
interest in eight different physics content 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 prior experience (see
section titled “The measurement of interest in physics’). 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 1.! Haufller et al. (1998) based
the distinction 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. Blankenburg
et al., 2016; Dierks et al., 2016) while the IPN study focuses on school as a learning
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environment. Nevertheless, the IPN study was innovative because it presented students
with item categories based on unique combinations of different contexts and tasks.
Haufller 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 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
different contexts (see Table 1). 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 theoretical 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 (Drech-
sel et al., 2011; Levrini et al., 2017; see the section titled ‘Conceptualising the construct
“interest in particle physics™). 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

Table 1. Item categories, underlying contexts, and tasks as used in the IPN study (HauBler et al., 1998)

and exemplar items translated into English for each item category developed for the IPPI.
Exemplar item (translated into

English)

Learning more about the
functional principle of devices
that detect particles (e.g. digital
camera)

Task

Receiving information
(observing, reading,
and listening)

# Item category Context

01 Learning more about the
functional principle of
technical devices

Understanding
technical devices in
everyday life

02 Learning more about Enrichment of Learning more about how particle
natural phenomena emotional physics helps understand the
experiences northern lights
03 Learning more about the  Relevance for society Learning more about how a
relevance of physics particle accelerator contributes
for society to the peaceful collaboration of
diverse nations
04 Learning more about Science | (qualitative) Learning more about which
qualitative physics interaction binds the elementary
particles in the nucleus space
together
05 Learning more about Science |l Learning more about how many
quantitative physics (quantitative) elementary particles constitute
an object, such as a pen
06 Getting insight into Vocation | (technical, Getting insight into how particle
technical jobs scientific) accelerators are used in the
electronics industry
07 Getting insight into jobs  Vocation Il (medical, Getting insight into the work flow
related to humans artistic, and in a medical diagnostic centre
counselling)
08 Constructing technical Enrichment of Hands-on (constructing  Building a particle detector out of
devices emotional objects, conducting everyday objects
experiences experiments)
09 Planning experiments Science | (qualitative) ~ Minds-on (devising and  Planning an experiment to explore
calculating) the structure of an atom
10 Calculating physical Science |l Calculating the energy when two
quantities (quantitative) particles moving with nearly the
speed of light collide
11 Discussing the societal Relevance for society ~ Evaluation and Discussing why research in particle

relevance of physics

discussion

physics is important for society
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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.

Creation of the initial version of the IPPI

The IPPI, which is in German, comprises an introductory text on particle physics and
items regarding interest in particle physics. The students were asked to read the introduc-
tory 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 1 for each item category.

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 comprehen-
sibility of the draft introductory text and the items was assessed in one-on-one interviews
with 16 German-speaking students (9 female, 7 male; grades 8-11) 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 selected 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.

Field testing

Following the think-aloud interviews, we conducted a field test. We utilised the introduc-
tory text on particle physics and the 33 corresponding interest items that we developed to
create an online questionnaire. The original introductory text and items in German and
an English paraphrase of each item are provided in the online appendix for this paper.
Our field test sought to provide information that would optimise the measurement func-
tioning 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
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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 inter-
est 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.

Rasch analysis

We evaluated the psychometric functioning of the IPPI using a Rasch analysis, which is
commonly used while developing new instruments in science education research (e.g.
Kirschner et al., 2016; Luo et al., 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 quantitative difference in the degree of interest for each pair of adjacent rating
scale categories, for example, from categories 1-2, 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 func-
tioning 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
measurement 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 manual provides detailed documentation for users
(Linacre, 2021).

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 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.
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Category probability curves

First, we examined the category probability curves. According to our theoretical hierar-
chy of students’ levels of interest, students should progress from one rating scale category
of an item to another, that is, from categories 1-2 and from 2 to 3 and so on, as they pro-
gress in terms of interest. Thus, we checked whether the average person measure
advances with the advancing rating scale category. 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 IPPIL. 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 cat-
egory must be the most probable for some combination of person interest and item inter-
estingness. 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 2a.

In comparison, for item 1042, every category has an individual probability peak, as
seen in Figure 2b. Linacre (2002) suggested considering non-ordered thresholds as pro-
blematic 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 IPPL

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 con-
sidered 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 0.6-1.4 are satisfactory for
rating scale data (Boone et al., 2014), we chose the smaller range (0.75-1.3) while
selecting items for the IPPIL. This item fit range is commonly applied while develop-
ing new instruments in science education research, as seen in Vorholzer et al. (2016).
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Figure 2. 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.
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While analysing the fit statistics for each item (see Table 2), 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 probability curves
and item fit statistics, the item selection for the IPPI was already completed for cat-
egories 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
categories. 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 3). Ideally, the items of an
instrument are evenly spread so that they do not measure a similar portion of the trait. In

Table 2. Rasch item measures and statistics for the initial item pool of the IPPI.
Item ID Total score Total count Item measure [logits] Model SE [logits] Outfit MNSQ Infit 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 0.12 133 138
1023 303 99 0.1 0.11 1.31 1.16
1031 285 99 0.2 0.1 1.96 138
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 324 929 —0.18 0.13 0.91 0.95
1052 303 99 0.2 0.12 0.8 0.81
1053 263 929 0.79 0.13 0.89 0.83
1061 304 99 0.11 0.11 1.1 1.16
1062 300 99 0.12 0.1 1.71 13

1063 291 99 0.25 0.12 0.86 0.83
1071 361 99 —0.49 0.12 1.29 132
1072 403 99 -13 0.15 1.08 113
1073 360 99 —0.51 0.13 1.09 mm
1081 364 99 —-0.47 0.10 0.9 0.97
1082 307 99 0.05 0.1 0.89 0.86
1083 370 99 —-0.47 0.11 0.94 1.06
1091 319 99 0.02 0.1 0.78 0.83
1092 274 99 0.41 0.11 0.67 0.69
1093 290 929 0.28 0.1 0.69 0.71
1101 279 99 0.41 0.10 0.9 0.91
1102 293 929 03 0.1 1.22 1.31
1103 241 99 0.82 0.11 0.78 0.81
1111 303 929 0.14 0.12 0.82 0.87
1112 306 99 0.09 0.12 0.8 0.83
1113 328 99 —-0.17 0.1 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 respon-
dents 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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line with our conceptualisation of the interest construct, the map illustrates that many
items within the same item category are of a comparable item measure, that is, compar-
able 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,
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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).

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 0.6-1.4 (Boone et al., 2014). We also examined unidimensionality 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 con-
trast may be evidence for multidimensionality. A minimum of two items must be con-
sidered 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.

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 indepen-
dent, 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 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 separ-
ation, and person reliability values greater than 0.8 imply that the measurement instru-
ment 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 utilis-
ing the partial credit and rating scale models.

Validation of the conceptualisation of interest in particle physics

To investigate how the latent trait defined by the IPPI aligns with the theoretical hierar-
chy 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
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associated with different contexts of particle physics. If the IPPI displays our hypoth-
esised hierarchy of interest levels, item measures should depend on the context that
the item in question represents. Items 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.

Results

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

Instrument functioning

Table 3 lists the Rasch item measures and statistics for the IPPI. The Outfit MNSQ values
ranged from 0.79-1.36, which is within the acceptable range. All point measure corre-
lation values were above the suggested 0.3 cut-off value (ranging from 0.59-0.71). As a
result of the PCAR, the unexplained variance of the first contrast was found to be 2.1
(item) units. This may be evidence for a secondary dimension among the items with a
strength of about two items. Thus, we analysed the item wordings in each cluster ident-
ified in the PCAR (cluster 1: 1071, 1032; cluster 2: 1021, 1083, I111, 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) clus-
ters 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. However, the
correlation obtained (c) only with cluster-1 and cluster-3 items is lower.

Table 3. Rasch item measures and statistics for the IPPI.
Item ID Total score Total count Item measure [logits] Model SE [logits] Outfit MNSQ Infit MNSQ  PT. corr.

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 0.1 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 0.1 1.00 1.09 0.63
1071 361 99 —0.45 0.12 1.36 127 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.
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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 4). Examining the summary statistics, the item sep-
aration 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 —1.02-0.94 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 —5.34-5.55 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 4 pre-
sents a selection of results from this comparative analysis. All key indices that are com-
monly reviewed for Rasch analyses are very similar while comparing the results of the
rating scale and partial credit model analyses.

Validation of the conceptualisation of interest in particle physics

To investigate how the latent trait defined by the IPPI aligns with the theoretical hierar-
chy of the levels of interest in particle physics, item measures and wordings were analysed
as illustrated in the Wright Map (Figure 4) and Table 3. 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 interested in some items, the most interesting ones.

The three least interesting items (1053, 1042, and I101) present particle physics set
in the context of qualitative or quantitative science. This is in line with our hypoth-
esis 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 (I111, 1091, and 1012) present particle physics set in the

Table 4. 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) | *ltem 1083: 1.42.

Item Person Outfit MNSQ ~ Infit MNSQ

Number of items falling within
Rasch analysis method Separation Reliability Separation Reliability the range of 0.6-1.4
Partial credit model 4.43 0.95 253 0.86 1 1

Rating scale model 448 0.95 2.50 0.86 1 10*
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Figure 4. 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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context of everyday life. The most interesting items present particle physics in
different contexts. Only item 1071 (specific context ‘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 example, in item 1012, a very precise everyday example
(‘digital camera’) is provided as the specific context, whereas the specific context men-
tioned in item 111 is very broad (‘everyday life’). We see this pattern as item 1012 is per-
ceived as more interesting than item I111. 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.

Discussion

This study sought to conceptualise students’ interest in particle physics and develop and
evaluate the IPPI. 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 par-
ticle physics matched the theoretical conceptualisation of the construct.

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 cat-
egory 1-2, to vary for different items of the measurement instrument. We see this as a
potential benefit for developing and evaluating instruments. We also analysed the data
using the Rasch rating scale model, where the quantitative difference 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 benefits 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.

Instrument functioning

The results concerning our first research question are discussed in this section. For our
measurement instrument, four aspects of validity evidence are relevant: content, con-
struct, 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
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through items forming the measurement 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 forming
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 con-
structed for the same item category are not consistently of comparable item measure (see
Figure 3). 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 IPPI 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 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. Pre-
vious 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 evidence of the IPPI.

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

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 quan-
titative science.

Based on our analysis of the item hierarchy, we refined this conceptualisation of inter-
est in particle physics (see Figure 4). 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
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related to (1) one’s own body, for example, ‘medical diagnostics’ (1071); (2) socio-scien-
tific issues, for example, ‘smuggled arms’ (I1032); or (3) existential questions of human-
kind, 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 contexts. 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 & Renninger, 2006).

Second, we suggest introducing an additional level of interest, the level of open inter-
est, 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 ‘every-
day 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 inter-
est prevails.

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-epistemic component of interest prevails (Hidi &
Renninger, 2006).

In summary, we found that the data collected with the IPPI results in an item hierar-
chy that aligns with earlier findings on students’ interest in physics (Bennett et al., 2007;
Drechsel et al., 2011; Hauf3ler et al., 1998; Levrini et al., 2017; Sjoberg & Schreiner, 2012)
and the hierarchy of interest components in the ‘Four-phase model of interest develop-
ment’ (Hidi & Renninger, 2006). In this section, we also refined and described the pro-
posed levels of interest in particle physics qualitatively by associating each level with
different contexts.

Strengths, limitations, and directions for future research

This study conceptualised interest in particle physics and developed and evaluated a cor-
responding 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 measure-
ment instrument was developed in German and the sample was German-speaking. To
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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 degree 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 par-
ticle physics are cumulative. For example, students at the level of broad interest are inter-
ested 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 & 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 (Haufller et al., 1998). In this project, we will also examine whether the
different levels of interest correlate with different student characteristics, such as sex
and physics-related self-concept.

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. Accord-
ingly, 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 (Haufller 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, step-
wise, 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, statistical, and fit validity of
the IPPI. The results demonstrate that we have successfully developed 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 devel-
opment. 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
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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 interpreting the hier-
archy of students’ levels of interest, it is crucial to consider that these levels are cumulat-
ive. 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 stu-
dents 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 teaching physics Haufller 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. More-
over, 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 description 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 Haufller, 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 apply-
ing our hierarchy of levels of interest. In particular, our levels of focused and open
interest provide a more detailed description of the IPN interest type C, which com-
prises students who are highly interested in physics related to humans, nature, appli-
cations, and society (Sievers, 1999). Similarly, our level of broad interest also
describes the 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 scien-
tific 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 students, 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 hierarchy 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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Note

1. In different publications of the IPN study, these 11 item categories are presented in slightly
different versions (see Haufller, 1987; Haufller et al., 1996; Haufler et al., 1998; Haufller
et al., 1998; Rost et al., 1999; Sievers, 1999). In Table 1, we list the item category descriptions
presented in Haufller et al. (1996) translated into English. Moreover, our ordering of item
categories corresponds to the ordering of items as presented to the students in the IPN
study.
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Appendices
Appendix A: Introductory Text

a) Original German Text:

TEILCHENPHYSIK oder Woraus wir eigentlich bestehen

Alles, was man zumindest theoretisch beriihren 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 zusammenhilt. 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 iiber den Aufbau der Materie gewinnt man mithilfe von Experimenten. Zum
Beispiel beschleunigt man Teilchen auf sehr hohe Geschwindigkeiten, um sie dann zusammen-
stoflen zu lassen. Bei diesem Zusammenstof3 entstehen neue Teilchen, die von Detektoren aufge-
zeichnet werden. Diese sind mehrere Stockwerke hohe Gerite, die bis zu 40 Millionen
Aufzeichnungen pro Sekunde machen konnen. Teilchenphysiker*innen werten diese Aufzeich-
nungen aus. So kénnen 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 Phdnomene auf die Wechselwirkungen zwischen
Teilchen zuriickfithren, wenn wir ganz genau hinschauen. Zum Beispiel wechselwirken Elektronen
miteinander, weil sie eine elektrische Ladung haben: Diese Wechselwirkung verhindert, dass du
durch den Stuhl fillst, auf dem du vermutlich gerade sitzt. Denn die Elektronen deines Korpers
und die Elektronen des Stuhls stoflen sich gegenseitig ab und kénnen nicht beliebig nah zusam-
mengebracht werden.

Auflerdem 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®!

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 interaction prevents you from falling through the chair on which you are probably sitting on
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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
treatment of diseases or in determining the authenticity of a piece of art.
In relation to this topic, how would you like to do the following? Please click “Next”!

Appendix B: Original German Item Wordings and English Paraphrases

# Original German wording English paraphrase

1011 Mehr dariiber erfahren, wie ein Teilchenbeschleuniger funktioniert  Particle accelerator

1012 Mehr dariiber erfahren, wie Gerdte funktionieren, die Teilchen Devices that detect particles (e.g. digital
detektieren (z.B. Digitalkamera) camera)

1013 Mehr dariber erfahren, wie Gerdte funktionieren, die Teilchen Devices that accelerate particles (e.g.
beschleunigen (z.B. Elektronenmikroskop) electron microscope)

1021 Mehr dariiber erfahren, wie Teilchenphysik zum Verstandnis des Particle physics and the big bang
Urknalls beitragt

1022 Mehr dariiber erfahren, wie Teilchenphysik zum Verstéandnis von Particle physics and the northern lights
Polarlichtern beitragt

1023 Mehr dariiber erfahren, welche Elementarteilchen aus dem Kosmos  Cosmic particles
bis zur Erdoberfliche gelangen

1031  Mehr dariiber erfahren, wie ein Teilchenbeschleuniger zur A particle accelerator and the peaceful
friedlichen Zusammenarbeit verschiedener Nationen beitragt collaboration of diverse nations

1032 Mehr dariiber erfahren, wie mithilfe von Teilchendetektoren Particle detectors and smuggled arms
geschmuggelte Waffen in einem Container entdeckt werden
konnen

1033 Mehr dariiber erfahren, wie mithilfe der Teilchenphysik festgestellt ~ Particle physics and art authentication
werden kann, ob ein Kunstwerk echt ist

1041  Mehr dariber erfahren, welche Elementarteilchen und Particles and interactions
Wechselwirkungen es gibt

1042 Mehr dariiber erfahren, welche Elementarteilchen man im Particles in the nucleus space of an atom
Atomkern-Bereich findet

1043 Mehr dariiber erfahren, welche Wechselwirkung die The interaction binding together the
Elementarteilchen im Atomkern-Bereich zusammenhalt nucleus space of an atom

1051  Mehr dariber erfahren, aus wie vielen Elementarteilchen ein Particles of objects (e.g. pen) (quantitative)
Gegenstand, z.B. ein Stift, besteht

1052 Mehr dariiber erfahren, warum man Teilchen zu Acceleration of particles (quantitative)
Forschungszwecken auf sehr hohe Geschwindigkeiten
beschleunigen muss

1053 Mehr dariiber erfahren, wie grol3 die Massen der Elementarteilchen  Masses of particles (quantitative)
im Vergleich zueinander sind

1061 Die Vielfalt der verschiedenen Berufsgruppen, die in der Occupational groups contributing to
Teilchenphysik mitarbeiten, kennenlernen particle physics

1062 Mehr Einblick erhalten, in welchen Bereichen - abgesehen von Jobs outside science for particle physicists
Forschung - Teilchenphysiker*innen arbeiten

1063  Mehr Einblick erhalten, wie in der Elektronik-Industrie mit Particle accelerators in the electronics
Teilchenbeschleunigern gearbeitet wird industry

1071 Mehr Einblick erhalten, wie in einem medizinischen Diagnose- Medical diagnostics
Zentrum gearbeitet wird

1072 Mehr Einblick erhalten, wie Krankheiten mithilfe von Particle accelerators to cure diseases
Teilchenbeschleunigern behandelt werden

1073 Mehr Einblick erhalten, wie man das Innere von Vulkanen oder Particle accelerators for studying
Pyramiden mithilfe von Teilchendetektoren erkennen kann volcanoes or pyramids

1081 Einen Teilchendetektor aus Alltagsgegenstéanden selbst bauen und  Build a particle detector out of daily life
ausprobieren objects (hands-on)

1082  Einen Elektromagneten bauen und damit die Bewegungsrichtung  Build an electromagnet to influence the
eines Teilchens verandern direction of a particle (hands-on)

1083  Ein Handy in einen Teilchendetektor umbauen und ausprobieren Transform a mobile phone into a particle

detector (hands-on)
1091  Ein Experiment planen, um zu zeigen, wie Teilchen beschleunigt Plan an experiment for particle

werden

acceleration (minds-on)

(Continued)
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Continued.

# Original German wording English paraphrase

1092  Sich ein Experiment ausdenken, um zu zeigen, wie man den Aufbau  Plan an experiment to study the structure
eines Atoms erforschen kann of an atom (minds-on)

1093  Ein Experiment planen, um zu zeigen, wie man die Plan an experiment to influence the
Bewegungsrichtung eines Teilchens verdndern kann direction of a particle (minds-on)

1101 Berechnen, wie grof} die Energie beim ZusammenstoR3 zweier Calculate the energy of a particle collision
Teilchen ist, die sich mit nahezu Lichtgeschwindigkeit bewegen at the speed of light (minds-on)

1102 Berechnen, aus wie vielen Elementarteilchen ein menschliches Haar  Calculate number of particles in human
besteht hair (minds-on)

1103  Die Massen verschiedener Elementarteilchen berechnen, weil man  Calculate the mass of particles (minds-on)
sie nicht einfach abwiegen kann

1111 Dartiber diskutieren, wie Erkenntnisse im Bereich der Teilchenphysik  Particle physics has changed our daily life
unser Alltagsleben verdndert haben (discussion)

1112 Dartiber diskutieren, warum Forschung in der Teilchenphysik fiir The societal relevance of particle physics
unsere Gesellschaft wichtig ist (discussion)

1113 Darlber diskutieren, warum die EU in den letzten funf Jahren 10 EU investments in particle detectors

Mio. € in die Entwicklung von Teilchendetektoren investiert hat

(discussion)
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