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Abstract

Previous studies highlight the positive effects of science

outreach labs, in particular on students' motivational

variables. However, out-of-school learning is generally

associated with high novelty and specific setting charac-

teristics that can impact learning and development.

Indeed, previous studies call for further research on stu-

dents' perception of the learning settings to ensure the

best possible use of science outreach labs. This study

aims to take this call up by analyzing motivational out-

comes (situational interest and self-concept) together

with an unprecedented number of carefully chosen stu-

dent and setting factors supposed to contribute to stu-

dents' experience at science outreach labs. This study

involved 509 high-school students from 13 countries

who took part in a half-day hands-on session at the par-

ticle physics outreach lab S'Cool LAB at CERN and a

single group longitudinal pre- and post-test research

design. The results confirm that this intervention led to

very high situational interest and self-concept, even for a

student sample that showed higher-than-average disposi-

tional interest and self-concept beforehand. Moreover,
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the initial motivational gender gap was closed after the

intervention. To take the nested data into account, mul-

tilevel models were employed to study the predictive

power of a set of student factors as well as students' per-

ception of setting factors. Here, even after controlling for

student factors such as their dispositional interest, sup-

port by the learning environment and educators was a

crucial setting factor and was associated with especially

high situational interest. Furthermore, students' cogni-

tive preparedness and cognitive load were vital with

respect to their situational self-concept. Overall, regres-

sion models account for almost 60% of the variance of

both motivational outcomes. We conclude that a system-

atic measurement of student and setting factors together

with a multilevel approach provides highly valuable

information about science outreach labs and how to

optimize their effectiveness.
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1 | INTRODUCTION

Although many students find science and technology important and hold a mainly positive atti-
tude toward science, technology, engineering, and mathematics (STEM) subjects, it seems that
formal science education has failed to harness students' positive attitudes (OECD, 2006;
Sjøberg & Schreiner, 2010). In most of the OECD countries, the number of students opting for
science and technology has declined over recent decades, and women still remain underrepre-
sented in STEM (OECD Global Science Forum, 2006; UNESCO, 2017). In particular, students'
declining interest in school science, their low science self-concept, their stereotypic images of
science and scientists, and their resulting low interest in science and technology careers are
problematic (Osborne et al., 2003; UNESCO, 2017).

This trend is particularly worrying since today's students, both female and male, will require
scientific literacy and scientific reasoning skills to face the various challenges of the 21st cen-
tury, for example, the revolution of job markets due to machine learning and robotics. More-
over, science and engineering occupations have low probability of computerization as they
require higher-order complex thinking skills and creative intelligence and are thus among the
safest careers (Frey & Osborne, 2017). Therefore, acquiring scientific reasoning skills is most
likely key to success for current and future generations of students (Binkley et al., 2012).

Previous studies derive recommendations on how to decrease this worrying decline of stu-
dents' interest in science and science careers. For example, Rocard et al. (2007) highlight the
importance of fostering students' self-concept in science, especially for female students. Others
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recommend more hands-on activities and inquiry-based learning, as well as more field trips
and stronger links between formal and informal science education (Boiko et al., 2019; Rocard
et al., 2007). Lyons and Quinn (2010) suggest bringing students in contact with scientists, for
example, under the framework of out-of-school learning opportunities.

Indeed, out-of-school science learning opportunities1 have demonstrated a strong develop-
ment over the past decades. Today, numerous science museums, science centers, and various
research institutions offer a plethora of out-of-school science learning opportunities, which are
increasingly being recognized worldwide as an essential part of STEM education (Corrigan
et al., 2018; National Research Council, 2009; Singh, 2009; Werquin, 2010). Friedman (2010)
provides an overview of the evolution of science centers and museums toward the interactive,
hands-on approach they adopt nowadays, which is considered as particularly promising for
audiences of high school learners (Braund & Reiss, 2006; Stocklmayer et al., 2010). The “science
outreach lab” (Goldschmidt & Bogner, 2016; Thomas, 2012) is a unique out-of-school science
learning opportunity that focuses on active hands-on experimentation activities, and is usually
offered by science departments of universities, research institutions, and science centers
(Exploratorium, 2020; Fermilab, 2020; Glowinski & Bayrhuber, 2011; Heureka, 2020). This
study employs a multilevel approach to investigate the effectiveness and mechanisms of action
of the science outreach lab “S'Cool LAB” (CERN, 2020) with respect to the motivational vari-
ables interest and self-concept. The remainder of the paper is structured as follows. We first
review the roles of interest and self-concept in out-of-school science learning. Then, we describe
the science outreach lab S'Cool LAB at CERN, before introducing factors that can hinder learn-
ing and development at science outreach labs. We next describe the methods of the study, pre-
sent and discuss its results, and finish with conclusions and outlook.

2 | RESEARCH BACKGROUND

2.1 | The motivational variables interest and self-concept

In the following, we describe interest and self-concept as motivational variables using Deci and
Ryan's empirical self-determination theory (SDT) as a framework to link interest and self-
concept to learning motivation. In particular, interest is described as an important source of
intrinsic motivation and also as a regulatory process for intrinsically motivated behavior
(O'Keefe et al., 2017; Ryan & Deci, 2000). Moreover, the need for competence satisfaction in
self-determination theory is very closely related to the operationalization of self-concept (Marsh
et al., 2017).

On the one hand, interest refers to a psychological state aroused by interactions between
persons and their environment (e.g., objects, topics, contents, ideas). This “situational interest”
is characterized by focused attention and an affective reaction, such as enjoyment (Hidi &
Baird, 1986; Hidi & Renninger, 2006; Krapp, 2002; Schiefele, 1978). On the other hand, interest
is characterized by a relatively long-lived predisposition to engage with certain ideas or learning
content, and is often referred to as “individual,” “personal,” or “dispositional interest.”

Although situational and dispositional interests are different constructs, it is assumed that a
high situational interest triggered by specific characteristics of a learning environment can
transform into more stable forms of interest under the right conditions (Krapp, 2002). In this
sense, out-of-school learning activities affect both stable and malleable components of interest.
For example, stable interest in a topic correlates positively with conceptual understanding of
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physics texts, independent of students' prior knowledge (Andre & Windschitl, 2003), and with con-
ceptual change (Mason et al., 2008). However, even students that show the more short-lived situa-
tional interest demonstrate a higher persistence and deeper processing of information, which in
turn are associated with improved comprehension and learning (Ainley, Hidi, & Berndorff, 2002;
Ainley, Hillman, & Hidi, 2002; Schraw & Lehman, 2001). Moreover, interest is an important aspect
of course and career choices (Hidi, 2006; Krapp, 2002; Schraw & Lehman, 2001).

However, previous research indicates that students' interest in science (Osborne et al., 2003)
and other academic topics (Todt & Schreiber, 1998; Wigfield & Eccles, 1992) decreases during
adolescence. Moreover, this effect seems to be stronger for girls than for boys (Hoffmann
et al., 1997; Marginson et al., 2013). Out-of-school learning opportunities can be used to foster
students' interest by including activities triggering high situational interest (Glowinski &
Bayrhuber, 2011; Itzek-Greulich & Vollmer, 2017), independently of students' previous knowl-
edge, dispositional interests, and gender. Ultimately, repeated arousal of situational interest can
increase students' dispositional interests (Rotgans & Schmidt, 2017). For example, Goff
et al. (2020) report a high positive correlation between undergraduates' interest in science and
math and their prior experience of out-of-school science learning opportunities.

The self-concept of ability is a mental representation of oneself that includes a collection of
cognitive concepts about oneself formed through experience and feedback from the environ-
ment (Gutman & Schoon, 2013; Valentine et al., 2004). Thus, domain-specific self-concept
(e.g., academic self-concept) refers to perceptions of oneself in a specific area. Marsh (1990) pro-
vides evidence for a hierarchical multi-faceted academic self-concept and recommends using
subject-specific scales when measuring a specific component of academic self-concept.

The construct of academic self-concept shares many similarities with academic self-efficacy,
and self-efficacy may act as a precursor to the development of self-concept (Bong &
Skaalvik, 2003; Marsh et al., 2017). While self-concept describes relatively stable perceptions ori-
ented at past experiences, self-efficacy, a concept originally proposed by Bandura (1977),
embodies more malleable conceptions that are oriented at future context-specific tasks
(Bandura, 1977; Bong & Skaalvik, 2003). However, despite the slight difference in their theoreti-
cal conceptualization, it is methodologically challenging to measure academic self-concept and
self-efficacy beliefs separately (Valentine et al., 2004). Moreover, Valentine et al. (2004) report
no differences between self-efficacy measures and the domain-specific academic self-concept. In
our study, we focus on the self-concept in physics. Nevertheless, in the following, we briefly
review research on both academic self-concept and self-efficacy that we consider relevant to
out-of-school learning keeping in mind that self-efficacy may indeed act as precursor to self-
concept.

Research within formal education contexts has demonstrated reciprocal effects between aca-
demic self-concept and achievement, and recommended fostering both simultaneously
(Marsh & O'Mara, 2008; Valentine et al., 2004). Additionally, academic self-concept is an impor-
tant predictor of students' high-school course choices and career aspirations (Nagy et al., 2008;
Parker et al., 2014). Pajares and Miller (1994) describe self-concept as mediating the influence
of gender and prior experience on mathematics performance. However, students' self-concept
declines with age and is found to be lower for women than for men (science: OECD (2007);
mathematics: Nagy et al. (2010)). Also, women and men seem to differ in how they report on
sources of their science self-efficacy beliefs with women reporting, for example, social persua-
sion more often than men (Usher et al., 2019; Zeldin et al., 2008). Moreover, the role of the
sources of science self-efficacy depends on the educational environment (Dorfman &
Fortus, 2019).
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In principle, out-of-school learning activities can foster students' science self-concept and
self-efficacy beliefs through challenging but achievable tasks, feelings of competence, and social
persuasion. Although Goff et al. (2020) report a high positive correlation between undergradu-
ates' competence beliefs in science and math and their prior experience of out-of-school science
learning opportunities, our understanding of the development of self-concept in out-of-school
learning settings is still limited (Goff et al., 2020; Schunk & DiBenedetto, 2016). Here, research
on out-of-school learning settings can contribute by investigating, for example, factors leading
to self-concept development, to ultimately help improve our understanding of motivational var-
iables such as self-concept in general.

2.2 | The science outreach lab “S'Cool LAB”

This article focuses on the effects of the science outreach lab “S'Cool LAB” at CERN as one
example of out-of-school learning. Goldschmidt and Bogner (2016) describe science outreach
labs as science laboratories at universities or research institutions that are dedicated to educa-
tion and outreach and can be visited by school classes. Depending on the host institution,
science outreach labs focus, for example, on biology, chemistry, physics, general science, and
technology-related activities. Furthermore, these labs, which are often funded by outreach bud-
gets of large research institutions, provide authentic learning environments, are typically
related to modern science topics, and offer research equipment that is usually not available in
schools (Glowinski & Bayrhuber, 2011; Goldschmidt & Bogner, 2016; Itzek-Greulich
et al., 2015; Thomas, 2012). This combination of characteristics puts science outreach labs at a
unique position within the out-of-school learning sector, although individual components of
science outreach labs, such as hands-on activities or the involvement of scientists, are also
offered in other learning settings.

The science outreach lab “S'Cool LAB” is located at the particle physics research laboratory
CERN in Geneva, Switzerland, and focuses on the modern physics topic particle physics. S'Cool
LAB offers opportunities to engage in hands-on activities using authentic particle physics
research equipment under the guidance of volunteers from CERN's scientific community.

Which characteristics make science outreach labs such as “S'Cool LAB” promising out-of-
school science learning settings? Habig et al. (2020) describe important design principles of suc-
cessful out-of-school science learning programs. For example, interviewees highlighted the
importance of interaction with STEM professionals, which is in line with the results by Fadigan
and Hammrich (2004) who report that scientists in out-of-school settings can greatly influence
(female) students' educational and career decisions. Moreover, Habig et al. (2020) highlight the
value of providing authentic learning experiences that allow learners to become practitioners of
science, for example, through laboratory investigations. Indeed, students prefer practical work
to theoretical work (Swarat et al., 2012) and girls especially seem to benefit from hands-on expe-
riences (Burkam et al., 1997). Even if this may be limited to situational interest and does not
necessarily imply a longer-term personal interest in science (Abrahams, 2009), this is certainly
a positive factor, especially for learners who have not had many opportunities to experience sit-
uations that promote interest in science. Furthermore, Krapp and Prenzel (2011) discuss how
repeated experience of situational interest can evolve into personal interest.

Obviously, the affective and cognitive effectiveness of lab work depend on its quality. Effec-
tive lab work, for example, concentrates on few but important experimental tasks
(Hodson, 1993; Hofstein et al., 2005; Hofstein & Mamlok-Naaman, 2007), aims for the right
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amount of cognitive load by balancing openness and instructional guidance (Kirschner
et al., 2006; Müller & Brown, 2022), and enables learners to reflect on their prior conceptions
(Cinici & Demir, 2013; Gunstone & Champagne, 1990; Miller et al., 2013). A review on the topic
can be found in Lunetta et al. (2007), and a summary of meta-analytic results about experimen-
tal tasks in Müller and Brown (2022).

Science outreach labs are popular not only among students and teachers but also among
education and outreach coordinators of universities and research institutions, which is reflected
in the very high number of labs, almost 400 in Germany alone, as listed in Lernort Labor (2020);
the international development is described in the Introduction.

Indeed, previous studies confirm positive effects of science outreach labs on affective vari-
ables such as interest and self-concept (Itzek-Greulich et al., 2017; Pawek, 2009; Priemer
et al., 2018; Rodenhauser, 2018). However, the type of the examined interventions as well as the
size of their educational outcomes varies. Of course, any outcomes of an educational interven-
tion strongly depend on students' dispositional interest and self-concept related to the topic of
the intervention. Students' interest in biology topics tends to be higher than in chemistry or
physics topics, both of which inspire similar interest in students (OECD, 2007). Consequently,
comparisons between different science outreach labs must be interpreted with caution. Never-
theless, in the following, we report selected results of studies on science outreach labs with dif-
ferent foci. For simplified comparison and interpretation, Cohen et al. (1999) suggest the linear
transformation of raw scores to percent of maximum possible (POMP) scores, which are defined
as So�Smin

So�Smax
�100%, where So is the observed score for a single case, while Smin and Smax are the

minimum and maximum possible score for a given scale, respectively. When assessing interest
using rating scales, students are usually asked to indicate the level of agreement or disagree-
ment with interest-related statements. For these types of bidirectional rating scales, a POMP
score of 0% would indicate strong disinterest, 50% neutral opinion, and 100% a very high inter-
est. In this POMP metric, scores of situational interest after taking part in science outreach labs
show a wide range. For example, Itzek-Greulich et al. (2017) report a situational interest score
that corresponds to a POMP value of 56% indicating that students' interest was barely triggered
by the science outreach lab. However, in their study, students followed cookbook-like instruc-
tions to conduct easy chemistry experiments involving starch. Consequently, the authors rec-
ommend “a teaching style that cognitively activates the heterogeneity of all students involved”
for future studies (Itzek-Greulich et al., 2017). A much higher POMP score of 70% was reported
by Pawek (2009) indicating a considerable situational interest of students who took part in sci-
ence and technology experiments at one of the well-equipped labs of the German Aerospace
Center (DLR). Additionally, in a large study with more than 11,000 school students from grades
1 to 13 taking part in science outreach labs that focused on physics topics, Priemer et al. (2018)
found an average POMP score of 59% for the epistemic component of situational interest after
students took part in physics experiments. In their study, the level of situational interest also
declined with age: students in the last 3 years of high-school (grades 11–13, aged 17–19 years)
demonstrated the lowest situational interest with a POMP score of 44% indicating rather slight
disinterest after taking part in activities at a science outreach lab.

Furthermore, Rodenhauser (2018) observed that different biological activities of the same
science outreach lab lead to different educational outcomes. This variation might mirror a vary-
ing quality of the learning experiences or their associated educational potential. Previous stud-
ies have also shown that the added value of science outreach labs can be limited when
comparing their cognitive and affective outcomes with school learning settings by controlling
for very similar hands-on learning activities (Itzek-Greulich et al., 2015, 2017). Hence, merely
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changing the learning setting is not beneficial and does not make use of the unique potential of
science outreach labs. In summary, not all interventions at science outreach labs seem to make
full use of their unique potential and educators at science outreach labs should not solely rely
on their special setting but also implement findings from education research, for example, on
hands-on learning.

2.3 | Novelty and other factors influencing outcomes of science
outreach labs

Falk et al. (1978) first suggested that the novelty of out-of-school learning settings influences
students' behavior and cognition. Orion and Hofstein (1994) describe two main factors influenc-
ing the educational effectiveness of field trips: quality of the learning opportunity and the
multi-dimensional “novelty space,” differentiating different dimensions of novelty, such as cog-
nitive novelty or novelty related to the location of an out-of-school learning offer. Moreover,
Palmer (2009) identified novelty as a main source of interest in science lessons. Itzek-Greulich
and Vollmer (2017) argue that the novelty aspect and the authentic real-world scientific facili-
ties make science outreach labs especially potent to trigger favorable motivational outcomes.
However, too much novelty is not entirely beneficial, because it might also distract and over-
whelm students (Itzek-Greulich et al., 2015).

We next list different factors that have previously been shown to influence out-of-school
learning, many of which can also be interpreted from a novelty perspective.

2.3.1 | Research evidence for factors influencing out-of-school learning

Factors influencing the educational outcomes of out-of-school science learning opportunities
include characteristics of learners (student factors) such as prior knowledge, experiences, and
interests, as well as the characteristics of the out-of-school science learning opportunity and its
perception (setting factors) such as orientations or perceived support (Falk & Storksdieck, 2005;
Orion & Hofstein, 1994). Falk and Storksdieck (2005) argue that no single factor alone influ-
ences learning outcomes, rather it is the result of a combination of several interacting factors.
Moreover, they suggest that future research “should collect specific data for a very homoge-
neous subset of visitors, increase the sample size, improve our tools for discriminating visitors,
or all of the above” to reach a better understanding of individual effects of these factors. In the
following, we provide a rationale for the student and setting factors included in the present
study, specifically as predictors of motivational outcomes, and link previous research on out-of-
school learning offers with related evidence from educational research.2

2.3.2 | Student factors

Interest and self-concept in physics
First, it is important to measure the initial level of students' motivational variables because the
positive development of motivation is a core objective of out-of-school learning, and because it
is a potential predictor of this development. Highly motivated students might benefit more from
a visit to a science outreach lab than less motivated ones in the sense of the motivational
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“Matthew” (or cumulative advantage) effect (Walberg & Tsai, 1983). For science (and mathe-
matics) education, Durik et al. (2015) review accumulating evidence showing that the effective-
ness of instructional interventions in promoting interest depends on students' levels of
individual interest and self-concept of ability. Bong et al. (2015) found prior individual interest
to be the strongest determinant of self-efficacy development. Moreover, students' self-concept
develops through experience and feedback from the environment (Gutman & Schoon, 2013;
Valentine et al., 2004). We thus included pre-intervention measures of dispositional interest and
self-concept of ability in the analysis

Curiosity
Second, epistemic curiosity is an important variable at the affective–cognitive intersection (von
Stumm et al., 2011), and belongs to the very rationale of many science outreach offers as seen by
research, scientists, and providers alike, from early classical papers (Bettelheim, 1980;
Oppenheimer, 1975) to a broad literature from the last decades (Falk & Dierking, 2000; National
Research Council, 2009; Skydsgaard et al., 2016; Stocklmayer et al., 2010). Moreover, epistemic
curiosity is strongly associated with the construct of interest (Alexander & Grossnickle, 2016).
Therefore, students' curiosity state was considered as important variable for the analysis.

Prior experiences
Third, students' prior experiences were considered as important factors as they might affect
how students perceive a new experience at a science outreach lab, and thus influence their
motivational outcomes. Although hands-on experimentation plays a central role in science edu-
cation (Hofstein & Lunetta, 2004), the number of experiments in physics classrooms varies
across countries (Börlin, 2012). Moreover, students with more hands-on experience in physics
might feel more comfortable and less overwhelmed by experimental activities at a science out-
reach lab. Therefore, students' experience with hands-on experimentation was included in the
analysis. Additionally, language skills in English, the working language of S'Cool LABLAB at
CERN, were also taken into account. Language skills affect how well students can interact with
English worksheets including experiment instructions, and English-speaking tutors. Low
English skills might add extraneous cognitive load and hinder learning and development. Fur-
thermore, out-of-school learning places might be overwhelming, simply because some students
are not used to these settings. Indeed, students' experience of previous out-of-school science learn-
ing has been shown to predict educational outcomes (Cors, 2016) and was thus included in the
analysis. In the framework of this study's intervention, students were confronted with particle
physics, a topic that is not always part of physics curricula. Previous experience of particle phys-
ics as a learning topic might have reduced students' perceived cognitive novelty, and it was thus
taken into account in the analysis.

Finally, gender and age were considered as control variables. Indeed, compared to male stu-
dents, female students tend to show lower interest in physics (Häussler & Hoffmann, 2002;
Hoffmann et al., 1997) and have lower self-concept in certain subjects (Nagy et al., 2010). In
large scale studies, gender differences for interest and self-concept (in favor of boys/men) were
found to be small, but non-zero [interest: d = 0.4, for the 5000 grade 10 students as part of the
UPMAP study in England (Mujtaba & Reiss, 2013); self-concept: d = 0.27, OECD average for
science in general (OECD, 2007)]. Moreover, both interest and self-concept are known to
decline with age (Todt & Schreiber, 1998; Wigfield & Eccles, 1992). Indeed, previous research
identified age as an important predictor of motivational outcomes at a science outreach lab
(Rodenhauser & Preisfeld, 2018).
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Setting factors
Students' perception of their science outreach lab experience was also considered as a so-called
“setting factor” due to its potential effect on educational outcomes (Cors et al., 2017;
Molz, 2016). Perceived support through organizational features and tutors has been identified
as an important predictor of the motivational effects of out-of-school science offers by previous
studies (Orion & Hofstein, 1994; Pawek, 2009). Moreover, students' feeling of preparedness and
ease of orientation were considered as a “setting orientation” factor. This factor reflects stu-
dents' perception of novelty related to the unusual setting of an out-of-school science learning
opportunity and was linked to the educational effectiveness of field trips by Orion and
Hofstein (1994). Due to our working memory's limited capacity, a high amount of extraneous
cognitive load can hinder learning and development (Sweller, 1994). The workshops in the
science outreach lab presented in this study involved high levels of complexity caused, for
example, by the equipment used or the physics principles. Therefore, students' perception of
problems occurring during the experiments and cognitive load related to the experiments were
considered in the analysis.

2.4 | Motivation for the present study and research questions

Science outreach labs might be relatively expensive outreach tools, but they have an immense
potential to influence students' motivation through unique learning experiences. However, pre-
vious studies on science outreach labs suffer from severe limitations: first, with only a small
number of well-controlled studies, and the absence of replication or meta-analytic studies (Chi
et al., 2015; Hausamann, 2012), there is a need to better understand the essential impact factors
of out-of-school learning offers, both at student and setting level. Second, there are limitations
at the level of individual studies concerning their design, instruments, lack of control and pre-
dictor variables, and underreporting (e.g., not providing effect sizes or sufficient data to com-
pute them), as stated repeatedly by researchers in the field (Chi et al., 2015; Hausamann, 2012;
Itzek-Greulich & Vollmer, 2017). Broad reviews by the US National Research Council summa-
rize that is it necessary to further improve the quality of evidence on learning science in infor-
mal environments (National Research Council, 2009) and that currently available research
findings are “not yet robust enough to determine which programs work best for whom and
under what circumstances” (National Research Council, 2015).

In particular, the impact of science outreach opportunities depends on the quality of the
intervention, as well as on several influence factors. The mixed results of previous research
show a gap regarding the motivational influence factors and their possible interaction.

A recent research project by Itzek-Greulich and co-authors responded impressively to these
exhortations to improve methodological quality by using, for example, well-described motiva-
tion measures, a large sample, and multilevel analysis (Itzek-Greulich et al., 2017; Itzek-
Greulich & Vollmer, 2017). Itzek-Greulich et al. (2017) is the study on motivational outcomes of
science outreach labs with the most advanced methodology. However, the actual motivational
impact the authors report is limited: while they find a difference in situational interest and per-
ceived competence compared to a control group (without any laboratory work), no, or small
and inconsistent differences were found between a science outreach lab and lab-work sessions
at school. We suspect that their study did not make full use of the potential of science outreach
labs, for example, by offering only simple hands-on learning activities that can also be carried
out in a school setting (Itzek-Greulich et al., 2015, 2017). Moreover, while the significance level
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of many comparisons is assessed, no adjustment for multiple comparisons (Hochberg &
Tamhane, 1987) is carried out. Finally, the set of predictor variables in the linear multilevel
model by Itzek-Greulich and Vollmer (2017) accounts only for a small amount of modeled vari-
ance (19% for interest, 31% for self-competence).

Thus, in line with Durik et al. (2015), that “educators should be aware that motivational
enhancements may not work well for all learners” and that evidence about the impact of rele-
vant influence factors is necessary in order to adjust the offer accordingly, we see a research gap
(i) for a well-controlled study where evidence for substantial motivational impact of a science
outreach lab actually can be provided, and (ii) for an improved and extended set of predictor
variables with a larger explanatory power. The present study sets out to fill this gap in two
steps.

The first step is to demonstrate the motivational effectiveness of a newly developed science
outreach lab on modern science (in particular, particle physics). Here, the specific topic of parti-
cle physics allowed first-hand experiences that would otherwise not be accessible in usual phys-
ics classrooms at school—one of the main advantages of science outreach labs (Braund &
Reiss, 2006). Moreover, the intervention was developed based on recommendations on hands-
on work and was facilitated by specifically trained scientists. It was thus expected that the inter-
vention would lead to comparatively high outcomes as it makes full use of the educational
potential of out-of-school science learning. This study thus aims to overcome the limitations of
Itzek-Greulich and Vollmer (2017) who describe motivational outcomes of an intervention
based on easy cookbook type chemistry experiments using only standard lab equipment.

In a second step, this study systematically examines the relationship between the motiva-
tional outcomes interest and self-concept of this particle physics outreach lab and a wide range
of student and setting factors included based on previous empirical evidence. We aim to system-
atically derive a synthesis of impact factors that explain a large proportion of the variance of the
educational effectiveness of an out-of-school learning intervention. This set of factors will then
allow us to study and understand out-of-school learning settings in general in more detail.

Additionally, many of the above-mentioned studies on science outreach labs took place in
Germany or Switzerland, and it is not clear to what degree their findings can be generalized for
students from other countries and educational systems. In the present work, data for students
from 13 different countries were included.

Specifically, this study sought to answer the following research questions:

RQ 1: To which extent can half-day hands-on sessions at a science outreach lab trig-
ger students' interest and self-concept in physics?
RQ 2: Which student and setting factors predict students' motivational outcomes?

3 | MATERIALS AND METHODS

3.1 | Description of study setting and design

To answer our research questions while taking the specific characteristics of the learning setting
into account, we implemented a single group, pre- and post-test research design. Students filled
out online questionnaires approximately 30 days before (pre-test) and 10 days after (post-test)
taking part in an intervention at a science outreach lab. A self-generated student ID allowed us
to match pre- and post-tests. The motivational outcomes interest and self-concept were assessed
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as dependent variables, student and setting factors as independent variables, and age and gen-
der as control variables. To study the clustered data structure, we also recorded information
about students' visit group, their teacher, and the country of their school. Before the interven-
tion at the science outreach lab, students took part in a 2.5-h guided tour of research facilities
at CERN.

The intervention itself consisted of a 4.5-h hands-on session with three workshops of 90 min
each and took place in CERN's dedicated particle physics outreach lab S'Cool LAB. In particu-
lar, students studied the behavior of electron beams in magnetic fields, assembled their own
particle detector, a so-called cloud chamber, before observing tracks of ionizing particles from
natural radiation, and studied the detection of x-ray photons (Figure 1).

The learning activities were developed using an iterative design process prior to this study
by taking into account students' conceptions of the underlying physics concepts as well as rec-
ommendations on hands-on work. In particular, student worksheets served as process
worksheets reducing cognitive load while structuring the problem-solving process (Van
Merrienboer & Sweller, 2005). Moreover, students followed predict-observe-explain cycles
(White & Gunstone, 1992) as these can promote correct experimental observations, which in
return foster conceptual learning (Miller et al., 2013). Here, experimental tasks were carefully
aligned with research about the respective students' conceptions so that observations would
cause cognitive conflict in students holding certain misconceptions. A detailed description of
the development of the intervention is provided in Woithe (2020). During the intervention,
volunteering tutors from CERN's scientific community guided the students and helped them
interpret their observations and discuss their findings. Each tutor supported a group of maxi-
mum 12 students, and 47% of the tutors were female. Figure 2 shows an excerpt of the student
worksheets used in one of the three 90-min workshops, which included working with pixel
detectors at an x-ray machine.

3.2 | Sample

Between October 2016 and June 2017, 781 students filled out the online pre-test and took part
in the intervention, whereas 534 students filled out the online post-test; 509 students who filled
out both the pre- and post-test were included in the analysis. Age of the students ranged from
16 to 19 years (M¼ 17:0 years,SD¼ 0:9 year), and 36% of the students were female. The students
were distributed over 28 groups from 13 mostly European countries (Austria, Czech Republic,

FIGURE 1 Overview of study setting and design
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France, Germany, Italy, Norway, the Netherlands, Poland, Portugal, Singapore, Spain,
Switzerland, and the UK). Many of the participants followed advanced-level physics courses.
Indeed, only 9% of the students reported having less than 120min of physics lessons per week,
58% of the students had 120–240min of physics lessons per week, and 34% even reported more
than 240min on physics per week. Moreover, physics was reported as their favorite school sub-
ject by more than 40% of the students. More details about the sample are provided in
Woithe (2020).

FIGURE 2 Excerpt of student worksheet of workshop “detecting x-ray photons”
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3.3 | Measures

All test instruments were based on well-established scales whose dimensionality and reliability
were confirmed by previous studies. However, some items were translated from German to
English, adapted to the specific hands-on lab context, or shortened to reduce the test load on
the students. Therefore, the properties of the scales were re-assessed in a pilot study, which con-
firmed their suitability. In particular, principal axis factoring was used to re-confirm the dimen-
sionality of the different scales. Table 1 provides an overview of the psychometric
characteristics of the employed scales including their internal consistency if applicable. If not
mentioned otherwise, students rated their agreement with statements on a six-level scale from
“disagree completely” (1) to “agree completely” (6). Eight of the 10 scales showed a good to very
good internal consistency, with Cronbach's α≥ 0:8; the remaining two scales showed an ade-
quate internal consistency, with Cronbach's α≥ 0:7 (Doran, 1980; Evers et al., 2013). Details
about this process and the full list of all item sets are described in Woithe (2020). We next
describe the structure and origin of the employed scales in more detail and provide example
items.

3.3.1 | Motivational outcomes and dispositional pre-intervention measures

Interest and self-concept in physics
The constructs interest and self-concept in physics were measured based on a well-validated
motivation test instrument adapted originally from Hoffmann et al. (1997) and used in previous
studies by Hochberg et al. (2018) and Kuhn and Müller (2014). For this study, only items of the
interest and self-concept subscales were adapted and translated into English. Factor analysis
confirmed the clustering of items within these two subscales. While the items in the pre-test
focused on students' dispositional interest in physics (e.g., I enjoy solving physics problems.) and
dispositional physics self-concept (e.g., I find it easy to solve tasks in physics classes.), the items
in the post-test assessing the dependent variables focused on students' situational interest (e.g.,

TABLE 1 Overview of scales assessing predictor and motivational outcome variables

Scales (time of measurement) M SD M% # αC 95% CI

Dispositional interest in physics (pre) 4.29 0.94 66% 7 0.87 [0.85, 0.89]

Dispositional physics self-concept (pre) 4.32 1.00 66% 4 0.88 [0.86, 0.90]

Curiosity state particle physics (pre) 4.88 0.95 78% 3 0.88 [0.86, 0.90]

Situational interest in physics (post) 4.84 0.84 77% 7 0.87 [0.85, 0.89]

Situational physics self-concept (post) 4.70 0.77 74% 4 0.83 [0.80, 0.85]

Tinkering support (post) 5.29 0.59 86% 6 0.81 [0.79, 0.84]

Setting orientation (post) 4.62 0.75 72% 5 0.70 [0.66, 0.74]

Lack of problems (post) 4.43 1.09 69% 3 0.78 [0.75, 0.81]

Cognitive load experiments (post) 2.38 0.89 28% 5 0.85 [0.83, 0.87]

Perceived tutor support (post) 5.37 0.68 87% 6 0.90 [0.88, 0.91]

Abbreviations: M, scale mean value; SD, standard deviation; M%, mean value in percent of maximum possible score; #, number

of items; αC , Cronbach's alpha; 95% CI, 95% confidence interval.
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During my time in S'Cool LAB, I enjoyed solving physics problems.) and situational self-concept
related to the activities in the science outreach lab (e.g., I found it easy to solve tasks in S'Cool
LAB.). All items were carefully parallelized in order to allow a comparability in the sense of
using students' dispositional interest and self-concept as a baseline to interpret the size of their
situational interest and self-concept that was triggered by the activities in S'Cool LAB.

A terminological comment is in order here: We have defined interest in an operational way
allowing for comparison of its general, long-term perception regarding physics and its perception
in the given situation at the science outreach lab. For lack of a better term, we use “dispositional
interest” for the former and “situational interest” for the latter. While there is a broader discus-
sion about the distinction and interaction of the two in the literature (Murphy & Alexander, 2000;
Rotgans & Schmidt, 2018), this goes beyond the purpose and operationalization of the present
paper.

3.3.2 | Additional student factors

To assess students' curiosity, items based on Litman and Spielberger (2003) and Naylor (1981),
already adapted to and tested in science outreach labs by previous studies in Germany
(Hirth, 2019; Hochberg, 2016; Molz, 2016), were used in their original version in English or
translated from German into English and adapted to the specific context. The pre-test included
three 6-level items to measure students' curiosity toward particle physics (e.g., “I find it fascinat-
ing to spend time on particle physics.”).

To assess students' prior experience with experiments, their answers to the question Experi-
ments: How often do the following activities occur in your physics class? were analyzed. Students
were asked separately about the activities “Individual work” and “Group work” and were pro-
vided with seven answer options, from “never” to “every week.” Students' answer choices were
first transformed to a value indicating the number of hands-on activities per week before adding
the values for the activities “Individual work” and “Group work.” In total, students reported an
average of 0.6 hands-on activities per week. Details about the coding and transformation pro-
cess as well as the original data can be found in Woithe (2020). The variable was z-transformed
before performing regression analysis.

English skills were assessed through the English grade reported by students in the
pre-test. Due to the plethora of different grading systems in the respective countries and
to take the advantage of native speakers into account, this variable was dichotomized.
All native speakers were coded as 1, because it was assumed that English as the
working language in the science outreach lab would not offer any additional challenge
for them. All students with an English grade of 80% or higher were also coded as 1,
because it was assumed that they would be able to understand the English worksheets
and instructions without problems. Students who did not report an English grade
because they did not take English courses and all students with English grades below
80% were coded as 0 (39% of the students).

Similar to their hands-on experience, students rated their out-of-school science learning expe-
rience answering the question: How often do you approximately visit the following places or use
the following offers? A sum of students' scores for visits to “museum,” “zoo, aquarium, or botani-
cal garden,” “science center or science outreach lab,” and “universities or research laboratories”
was calculated, leading to an average of eight out-of-school science learning opportunities per
year. Again, this variable was z-transformed prior to further analysis.
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Students were also asked about their previous experience with particle physics (How many
hours did you spend on particle physics so far?) in the pre-test. They were provided with
seven answer options from “zero” to “more than 20 hours.” Students answered two separate
items related to experience “during physics classes” and “outside physics classes.” On aver-
age, students spent 5.5 h and 3.3 h on particle physics during and outside of their classes,
respectively. The sum of their particle physics experience was z-transformed prior to further
analysis.

3.3.3 | Setting factors

Molz (2016) developed an instrument to assess students' perception of setting factors in the
context of a science outreach lab based on existing items from the Science Outdoor Learn-
ing Environment Inventory (SOLEI) instrument (Orion et al., 1997; Yunker, 2010). For this
study, suitable items were translated from German into English if not already available in
English and adapted to the specific context. Here, the post-test included 14 six-level items.
Factor analysis confirmed three sub-scales, namely tinkering support due to organization
(e.g., The instructions were helpful for doing the experiments.), lack of problems (e.g., It took
a long time until I was familiar with the equipment and was able to start the experiments.—
inversely coded), and setting orientation due to preparation (e.g., I knew what to expect in
the lab.).

An additional cognitive load scale by Hirth (2019) was adapted for the specific con-
text. In particular, five items referred to the cognitive load of the experiments in general
with items focusing, for example, on the perceived difficulty (The experiments were diffi-
cult.) as well as the germane cognitive load of the underlying physics principles (I had
problems understanding the physics principles of the experiments.) and the extraneous cog-
nitive load offered by the worksheets (It was hard for me to understand the
instructions.).

Finally, six 6-level items based on Pawek (2009) and the SOLEI instrument (Orion
et al., 1997; Yunker, 2010) were adapted to measure students' perceived support by tutors
and their perception of the learning atmosphere. The scale included, for example, items
about the approachability of the tutors (I had the chance to ask the tutors […] questions.),
their fascination about physics (I had the feeling that the tutors are fascinated by physics.),
and the support students received from tutors (The tutors helped me with problems while
doing the experiments.).

3.4 | Statistical analyses

3.4.1 | Data preparation and univariate screening

The preparation and initial screening of the data with respect to normal distribution, outliers,
and missing data followed the recommendations by Tabachnick and Fidell (2013). Composite
and single interval-scaled variables were transformed into z-scores, and their distributions were
compared to a normal distribution and scanned for univariate extreme values with respect to
the sample mean using the critical z-score jzj > 3.29. Due to mandatory fields in the online
questionnaires, there were no missing data.
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3.4.2 | POMP and effect sizes of group comparisons

As recommended by Cohen et al. (1999), scores of psychometric scales were transformed
linearly to POMP scores for simplified interpretation and comparison. We conducted
independent-samples t-tests to analyze gender differences, as these tests are quite robust
against violations of normality assumptions if the sample size is big enough and the two
groups similarly large (Muijs, 2004). To quantify statistically significant differences, we
calculated the effect size, Cohen's d, including the 95% confidence interval as measure of
statistical error (Cohen, 1988), for example, d¼ 0:5 0:4;0:6½ �. We also compared effect sizes to
the Hattie “hinge point”: Hattie (2008) reports an average effect size of d¼ 0:40, which he uses
as a comparison value for the impact of educational interventions.3

Similarly, we conducted dependent-samples t-tests to compare students' answers between
the pre- and post-test to answer Research Question 1 (To which extent can half-day hands-on
sessions at a science outreach lab trigger students' interest and self-concept in physics?).
Corresponding repeated-measures effect sizes were calculated as Cohen's dRM, which uses a
specific standard deviation that corrects for the correlation r between pre- and post-test values
(Morris & DeShon, 2002). Consequently, we report the correlation r between pre- and post-test
values together with the t-test results. In these repeated-measures t-tests, we use students' dispo-
sitional motivational variables as a baseline to interpret the size of their situational motivational
outcomes.

3.4.3 | Linear regression analysis

To answer Research Question 2 (Which student and setting factors predict students' moti-
vational outcomes?), linear regression analysis was performed to model the relationships
between independent variables (students and setting factors) and the respective depen-
dent variables interest and self-concept. Regression models were calculated on
z-transformed variables. Consequently, the resulting regression coefficients βi are already
standardized.

First, single-level models were calculated. Here, several assumptions were tested
beforehand based on the recommendations by Tabachnick and Fidell (2013) to deter-
mine the suitability of data for multiple linear regressions. For example, we excluded
multivariate outliers using the Mahalanobis distance (Mahalanobis, 1936) and inspected
the residual scatterplot to analyze normality, linearity, and homoscedasticity of the
regression residuals and to identify and remove cases that were poorly fit by the regres-
sion model.

Due to the high number of independent variables, special care was applied to account for
overlapping variance between different predictor variables and to prevent overfitting. In partic-
ular, sequential regressions were conducted in which predictors were entered one by one into
the model with decreasing predictive power or based on their assumed time of causation
(Raudenbush & Bryk, 2002). Consequently, chronologically “older” or more stable variables,
such as gender, age, or dispositions entered the model earlier than “newer” and less stable vari-
ables, such as personality states or subjective perceptions of the learning setting. Moreover, an
adjusted R2 is reported as model fit parameter because it penalizes a high number of predictors
in a model (Wherry, 1931).
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3.4.4 | False discovery rate and overfitting

The significance of predictors in a linear model is usually gauged based on the size of the stan-
dardized regression coefficients, the corresponding p-value, and a certain alpha level such as
5%. However, handling a larger number of independent variables with an unadjusted alpha
level can inflate the false discovery rate (Hochberg & Tamhane, 1987). Moreover, one might
overfit the model in this way as some predictors can enter the model only “by chance.” To limit
overfitting in the linear regression models, the Bonferroni correction was applied, which
reduces the desirable p values by dividing the targeted α-level by the number m of conducted
significance tests: αm = α/m (Hox et al., 2017). This correction was also applied when calculat-
ing multiple comparisons on the same data set, for example, in the framework of pre–post
comparisons.

3.4.5 | Multilevel modeling

Multilevel modeling has several advantages when analyzing clustered data such as data
from school contexts as it avoids distorted significance tests through underestimated
p values (Hox et al., 2017). Indeed, whereas single-level models assume randomly selected
individuals, multilevel models assume that groups have been randomly selected from a
population of groups. In this study, students were considered level-1 units and student
groups level-2 units. The sample of 509 students was distributed over 28 groups, with
each group comprising an average of 19 students. Student-level predictors were included
as fixed effects in the model and a random intercept term was added to account for
group-level differences. The restricted maximum likelihood (REML) estimation was used
because it takes the number of fixed effects that need to be estimated into account
(Harville, 1977). The assumptions for multilevel linear models are similar to ordinary lin-
ear models. Thus, all multilevel models were computed based on the reduced samples in
which multivariate outliers had been removed based on the results of the single-level
models.

First, “empty” random intercept models without any predictors were computed to estimate
the variance components. This allowed to estimate how much of the variance of a certain edu-
cational outcome can be accounted for at the student level σ2e (i.e., due to differences between
individual students) and at the group level σ2u (i.e., due to differences between groups of stu-
dents). We then calculated the variance partition coefficient (VPC), also called intra-class coeffi-
cient, which gives the proportion of the total variance in the dependent variable that is
accounted for by the group level (Goldstein et al., 2002).

VPC¼ σ2u= σ2e þσ
2
u

� �

The VPC can also be used to verify whether multilevel modeling is actually necessary for a
given data set. As a rule of the thumb, Mehmetoglu and Jakobsen (2016) recommend multilevel
modeling if the VPC exceeds 5%. Similarly, the variance inflation factor (VIF), also called design
effect, estimates the effect of variance partitioning when considering clustering of data with an
average cluster size c (Ukoumunne et al., 2002).
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VIF¼ 1þ c�1ð Þ�VPC

The VIF describes by how much the effective sample size would be overestimated when using a
single-level model on clustered data. An overestimated sample size will, in turn, lead to an
underestimation of the standard errors and significance levels as stated above.

As a figure of merit of the model fit, we followed the recommendation by Huang (2018)
who suggests reporting the “analogue R2,” that is, the reduction in total variance from the null
to the full model.

AnalogueR2 ¼ 1�σ2efull þσ2ufull
σ2e0 þσ2u0

In the following, the size of analogue R2 is interpreted in the same way as the model fit parame-
ter “adjusted R2” for single-level regression model, with, for example, R2 > 0:5 indicating good
model fit according to Muijs (2004).

4 | RESULTS

4.1 | General motivational outcomes interest and self-concept

First, we present the results related to Research Question 1 (To which extent can half-day
hands-on sessions at a science outreach lab trigger students' interest and self-concept in physics?).
Table 2 shows the descriptive values for students' interest and self-concept in physics in the pre-
and post-test as well as the respective scale means transformed to POMP scores (Cohen
et al., 1999). Scores are displayed separately for female and male participants.

The z-distributions of these two motivational variables were significantly negatively skewed.
Skewness values were � 0.66 for dispositional interest, �0.68 for dispositional self-concept,
�0.90 for situational interest, �0.73 for situational self-concept, and the standard error was esti-
mated at 0.11 based on Tabachnick and Fidell (2013). This indicates a tendency toward a ceiling
effect for the respective scales, which mirrors the study sample. Nevertheless, six t-tests were

TABLE 2 Descriptive values of Students' interest and self-concept in pre- and post-test

All (N ¼ 509) Female (n¼ 182) Male (n¼ 327)

M SD M% M SD M% M SD M%

Interest in physics

Pre-test (dispositional) 4.29 0.94 66% 4.11 0.98 62% 4.39 0.90 68%

Post-test (situational) 4.84 0.84 77% 4.87 0.84 77% 4.82 0.83 76%

Physics self-concept

Pre-test (dispositional) 4.32 1.00 66% 4.08 1.01 62% 4.46 0.97 69%

Post-test (situational) 4.70 0.77 74% 4.62 0.85 72% 4.75 0.73 75%

Abbreviations: M, scale mean value; SD, standard deviation; M%, mean value in percent of maximum possible score.
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conducted, and the significance levels were interpreted following the Bonferroni correction
with m¼ 6.

The dependent-samples t-test results confirmed that the mean value of students' specific (sit-
uational) interest triggered by the intervention was significantly higher than their general (dis-
positional) interest in physics before the intervention (t 508ð Þ¼�13:7, p<0:001,r¼ 0:49). This
difference translates into a medium-sized positive effect with dRM ¼ 0:6 0:5,0:7½ �.

Before the intervention in S'Cool LAB, female participants' interest in physics was signifi-
cantly lower than that of male participants (t 347ð Þ¼ 3:2,p¼ 0:002), which quantifies into a
small effect (d¼ 0:3 0:1,0:5½ �); while there was no significant gender difference after the inter-
vention (t 507ð Þ¼�0:6,p¼ 0:53).

When comparing students' self-concept before and after the intervention, the results
confirmed a significantly higher situational self-concept after the intervention
(t 508ð Þ¼�8:6,p<0:001,r¼ 0:38) with an effect size at the Hattie hinge point
(dRM ¼ 0:4 0:2,0:5½ �Þ. Moreover, there was a significant gender difference with respect to stu-
dents' self-concept before the intervention (t 507ð Þ¼ 4:2,p<0:001Þ with an effect size in favor of
male participants again at the Hattie hinge point (d¼ 0:4 0:2,0:6½ �); however, there was no sig-
nificant gender difference after the intervention (t 507ð Þ¼ 1:7,p¼ 0:10).

4.2 | Effects of student and setting factors on motivational outcomes

In the following, we address Research Question 2 (Which student and setting factors predict stu-
dents' motivational outcomes?). In particular, we report the results of single- and multilevel lin-
ear models with the motivational outcomes situational interest and self-concept as dependent
variables and relevant student and setting factors as independent variables. In the multilevel
models, students are treated as level-1 units and student groups as level-2 units. Variance com-
ponents as well as VPCs and VIFs are reported in Table 3.

Students' situational interest varies greatly between groups with a VPC of 28% but variance
partitioning is less pronounced for self-concept (VPC = 14%). Both VPCs exceeded 5%
suggesting that multilevel modeling is necessary for this data set (Mehmetoglu &
Jakobsen, 2016). Similarly, the VIFs (interest in physics: 6, physics self-concept: 4) indicate that
the effective sample size would be severely overestimated when using single-level models.

4.2.1 | Situational interest

The evaluation of the assumptions of linear regression showed a deviation from a normal distri-
bution and violation of homoscedasticity for the distribution of residuals. Also, three outliers
with extremely standardized regression residuals zj j>3:29 and 13 additional multivariate

TABLE 3 Student-level variance (σ2e ) and group-level variance (σ2u) of motivational outcomes

Student level Group level

σ2e SE σ2u SE VPC VIF

Situational interest in physics 0.74 0.05 0.29 0.09 28% 6

Situational physics self-concept 0.86 0.06 0.15 0.06 14% 4

Abbreviations: SE, standard error; VPC, variance partition coefficient; VIF, variance inflation factor.
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outliers were removed from the sample. Nevertheless, variables were not transformed beyond
the linear z-transformation, to maintain comparability between the different predictors. Fur-
thermore, the estimation of fixed effects in multilevel modeling is robust against violation of
normal distribution. Nevertheless, the standard errors for the regression coefficients can be
slightly biased downwards particularly if the number of level-2 units is less than 50 (Maas &
Hox, 2004). Therefore, a smaller alpha level may be appropriate when evaluating the signifi-
cance of predictors. However, the conservative Bonferroni correction with m¼ 13 was already
applied to account for the high number of predictors, which reduces the required alpha level
significantly.

The results of both single- and two-level linear models for the outlier-adjusted sample
N ¼ 493ð Þ are reported in Table 4. The size of significant regression coefficients is similar in
both models for interest; p values are generally slightly larger in the two-level model, which
reflects the smaller effective sample size caused by the clustering of the data. In the following,
only the standardized regression coefficients of the two-level models are reported.

In both models, only four of the 13 predictors showed regression coefficients significantly
different from zero with p<0:0004 (Bonferroni correction with m¼ 13). The four predictors
are the two student factors “dispositional interest” (β2 ¼ 0:19���) and “curiosity state”
(β2 ¼ 0:21���), and the two setting factors “tinkering support” (β2 ¼ 0:26���) and “tutor support”
(β2 ¼ 0:27���). In total, all 13 predictors accounted for 55% of the variance in the de-
pendent variable in the single-level model for students' situational interest
(adjustedR2 ¼ 0:55,SEE¼ 0:64,F 13,479ð Þ¼ 41,p<0:001), which indicates a good model fit
according to Muijs (2004). Since adjusted R2 penalizes the number of predictors, it is plausible
that the value of 58% for analogue R2 for the two-level model is slightly larger.

Moreover, adding student-level predictors significantly reduced the estimates of both vari-
ance components in the two-level model. In particular, the predictors reduced the student-level
variance from 0.74 to 0.36 and the group-level variance from 0.29 to 0.07. Here, it comes as a
surprise that student-level predictors have such an effect on reducing group-level variance.
Indeed, the remaining proportion of group-level variance of 7% was reduced almost to the 5%
multilevel modeling threshold suggested by Mehmetoglu and Jakobsen (2016).

4.2.2 | Situational self-concept

The evaluation of the assumptions of linear regression with respect to normality and homosce-
dasticity displayed very similar violations as described for the variable situational interest. Here,
14 cases were removed; five of them showed extreme residuals, additional nine cases were iden-
tified as multivariate outliers. Consequently, the outlier-adjusted sample N ¼ 495ð Þ was used for
regression analysis. As in the model for situational interest, the size of significant regression
coefficients and the amount of modeled variance were similar when comparing the results of
the single- and two-level regression models, but the p values were slightly larger in the two-level
model (Table 5). The Bonferroni correction was applied with m¼ 12.

Four regression coefficients were significantly different from zero with p<0:0004. The
strongest predictor of situational self-concept among the student factors was students' disposi-
tional self-concept (β2 ¼ 0:19���), which is consistent with the theoretical background of the
self-concept construct. Among the setting factors, the strongest predictors were “cognitive
load of the experiments” (β2 ¼�0:31���), “setting orientation due to preparation” (β2 ¼ 0:23���),
and “tutor support” (β2 ¼ 0:19���). To conclude, all 12 predictors in the single-level
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model accounted for 52% of the variance of students' situational self-concept
(R2 ¼ 0:52,SEE¼ 0:65,F 12,482ð Þ¼ 46,p<0:001), which indicates a good model fit
(Muijs, 2004). As in the regression on situational interest, the value of 58% for analogue R2 for
the two-level model was slightly larger because it does not penalize the number of predictors.
As before, adding student-level predictors significantly reduced the estimates of both variance
components in the two-level model. The initial VPC of students' situational self-concept was
14%, only half as large as for situational interest (Table 3). Nevertheless, adding predictors sig-
nificantly reduced both the student-level variance from 0.86 to 0.39 and the group-level variance
from 0.15 to 0.03. The remaining proportion of group-level variance is almost negligible and lies
below the 5% multilevel modeling threshold of Mehmetoglu and Jakobsen (2016).

4.2.3 | Variance components of student-level predictors

In the regression models, both for interest and self-concept, student-level predictors reduced
group-level variance to a high extent. Thus, we decided to analyze the variance components
of the predictors themselves, which complements the analysis of the variance components
of the outcome variables presented in Table 3. In particular, we used multilevel modeling to

TABLE 4 Comparison of single- and two-level linear regression models of student and setting factors for

participants' situational interest: Standardized regression coefficients and p values for the reduced sample

without outliers N ¼ 493ð Þ

Predictor

Single-level model Two-level model

β1 p1 β2 p2

(Constant) 0.60 0.85

Gender (female: 1, male: 0) 0.03 0.27 0.03 0.39

Age �0.02 0.50 0.01 0.81

Dispositional interest in physics 0.21*** < 0:0004 0.19*** < 0:0004

Curiosity state particle physics 0.20*** < 0:0004 0.21*** < 0:0004

Experience hands-on experiments �0.03 0.28 0.01 0.87

English skills (binary) 0.04 0.19 0.02 0.53

Experience out-of-school science 0.01 0.78 0.02 0.61

Experience particle physics �0.04 0.27 �0.02 0.61

Tinkering support 0.29*** < 0:0004 0.26*** < 0:0004

Setting orientation 0.07 0.07 0.07 0.06

Lack of problems �0.07 0.08 �0.05 0.13

Cognitive load experiments �0.04 0.32 �0.07 0.07

Tutor support 0.27*** < 0:0004 0.27*** < 0:0004

Model fit Adjusted R2 ¼ 0:55 Analog R2 ¼ 0:58

student level variance σ2e (SE) – 0.35 (0.02)

group level variance σ2u (SE) – 0.07 (0.03)

Note: *** indicates p<0:0004 (refers to an alpha level of 0.001 divided by m¼ 13).
Abbreviation: SE, standard error.
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estimate by how much the presumed student-level predictors differed systematically
between groups. Table 6 shows the variance components of all predictor variables that
formed part of the regression models for the motivational outcomes interest or self-concept.
To simplify the comparison and interpretation of predictors, all variables were
z-transformed beforehand.

The highest VPCs were identified for students' experience with hands-on experiments (58%)
and students' age (50%); that is, students participating within the same group shared very simi-
lar previous experiences with hands-on experimentation as well as were of similar age. More-
over, the student factor “dispositional interest” showed a large VPC of 35%, which implies that
students within the same group shared a similarly low or high dispositional interest in physics
before taking part in the intervention. Also, the VPCs of students' English skills (27%) and their
previous experience with particle physics (28%) indicated significant similarities within student
groups.

Across all 14 predictor variables, the lowest VPCs were identified for students' per-
ceived lack of problems while doing experiments (5%), their previous experience with
out-of-school learning (6%), as well as their perception of their cognitive load (10%) and
support by tutors (10%). When comparing the two different types of factors, student fac-
tors showed much larger VPCs (average VPC of 27%) than setting factors (average VPC
of 12%).

TABLE 5 Comparison of single- and two-level linear regression models of student and setting factors for

participants' situational self-concept: Standardized regression coefficients and p values for the reduced sample

without outliers N ¼ 495ð Þ

Predictor

Single-level model Two-level model

β1 p1 β2 p2

(Constant) 0.02 �0.03 0.64

Gender (female: 1, male: 0) 0.00 0.96 �0.02 0.72

Age 0.02 0.47 0.02 0.62

Dispositional physics self-concept 0.21*** < 0:0004 0.19*** < 0:0004

Experience hands-on experiments 0.00 0.96 0.00 0.97

English skills (binary) 0.06 0.06 0.07 0.28

Experience out-of-school science 0.03 0.29 0.05 0.28

Experience particle physics �0.02 0.50 �0.01 0.71

Tinkering support 0.10 0.04 0.08 0.07

Setting orientation 0.25*** < 0:0004 0.23*** < 0:0004

Lack of problems 0.02 0.57 0.03 0.39

Cognitive load experiments �0.31*** < 0:0004 �0.31*** < 0:0004

Tutor support 0.16*** < 0:0004 0.19*** < 0:0004

Model fit Adjusted R2 ¼ 0:52 Analog R2 ¼ 0:58

student level variance σ2e (SE) – 0.39 (0.03)

group level variance σ2u (SE) – 0.03 (0.01)

Note: *** indicates p<0:0004 (refers to an alpha level of 0.001 divided by m¼ 12).
Abbreviation: SE, standard error.
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5 | DISCUSSION

5.1 | General motivational outcomes interest and self-concept (RQ1)

The intervention at S'Cool LAB triggered very high situational interest (POMP score: 77%) and
self-concept (POMP score: 74%), exceeding values reported by other studies at science outreach
labs such as Priemer et al. (2018) (POMP score: 59%), Itzek-Greulich et al. (2017) (POMP score:
56%), and Pawek (2009) (POMP score: 70%). Moreover, students' situational interest triggered
by the intervention was significantly higher than their dispositional interest in physics in gen-
eral (dRM ¼ 0:6). An analogous result was found for students' self-concept in physics
(dRM ¼ 0:4). Considering the relatively short intervention time (4.5 h) and the fact that improve-
ment of students' self-concept was not the main focus of the intervention, this finding is promis-
ing and in the range of previous meta-analytic findings (d = 0.51 [0.13]) for the impact of
self-concept interventions (O'Mara et al., 2006). Specifically, these results were obtained for a
science outreach lab at a large, international research facility for particle physics. They thus pro-
vide, to the best of our knowledge, the first empirical evidence for the hypothetical motivational
potential of experiencing “big science” at an out-of-school learning opportunity, as put forward
by Braund and Reiss (2006).

Prior to the intervention, girls reported lower physics-related interest (d = 0.3) and self-
concept (d = 0.4) than boys. However, after the intervention, there were no significant gender

TABLE 6 Variance components of 14 predictors forming part of the regression models for motivational

outcomes interest and self-concept

Student-level Group-level

σ2e SE σ2u SE VPC

Student factors

Gender (female: 1, male: 0) 0.90 0.06 0.13 0.05 13%

Age 0.48 0.03 0.48 0.14 50%

Dispositional interest in physics 0.68 0.04 0.36 0.11 35%

Dispositional physics self-concept 0.87 0.06 0.13 0.05 13%

Curiosity state particle physics 0.85 0.05 0.18 0.07 17%

English skills (dichotomized) 0.75 0.05 0.28 0.09 27%

Experience hands-on experiments 0.42 0.03 0.58 0.17 58%

Experience out-of-school learning 0.94 0.06 0.06 0.03 6%

Experience with particle physics 0.75 0.05 0.29 0.09 28%

Setting factors

Tinkering support 0.85 0.05 0.17 0.06 17%

Setting orientation 0.83 0.05 0.19 0.07 19%

Lack of problems 0.95 0.06 0.05 0.03 5%

Cognitive load experiments 0.89 0.06 0.10 0.04 10%

Perceived tutor support 0.92 0.06 0.10 0.04 10%

Abbreviations: σ2e , student-level variance; σ
2
u, group-level variance; SE, standard error; VPC, variance partition coefficient.
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differences. Instead, girls and boys showed similarly high triggered interest and self-concept.
Consequently, the intervention helped to close the gender gap (Baram-Tsabari & Yarden, 2011)
with regard to these variables. Previous studies report conflicting evidence with respect to clos-
ing of a motivational gender gap in science. On the one hand, a similar positive trend was
reported by studies at other science outreach labs (Itzek-Greulich & Vollmer, 2017; Mokhonko
et al., 2014; Pawek, 2009) and by studies investigating science camps (Levine et al., 2015;
Wang & Frye, 2019). On the other hand, physics instruction in regular settings has been found
to have negative effects on female learners' interest and self-concept at secondary level I
(Häussler & Hoffmann, 2002). More recently, similar findings were reported at university level:
Li and Singh (2021) found that a lecture-based physics learning environment even increased
gender gaps in the motivational constructs self-efficacy and interest. Moreover, Nissen and
Shemwell (2016) report a similar detrimental effect of interactive-engagement physics courses
for female learners' self-efficacy. One possible interpretation of the results of our study in this
context is that strong stereotypes about both physics and of physics-related gender roles, origi-
nating from experiences in everyday life and ordinary educational settings and (Kessels
et al., 2006; OECD, 2015; Ramsey et al., 2013; Taconis & Kessels, 2009), become less influential
in a new and exploratory setting like that of a science outreach lab (Euler, 2005; Hannover &
Kessels, 2002). In summary, our study extents the encouraging findings about the potential of
science outreach labs with respect to the motivational gender gap by demonstrating a positive
effect on high-school students from a broad range of 13 countries.

It has to be noted that participants of the science outreach lab in this study were generally
students whose dispositional interest and self-concept in physics were already high before the
intervention. On the one hand, this means that the intervention had a significant and positive
effect even for these students; on the other hand, there is no guarantee that a similar effect
would be observed for other student groups. However, further information about this issue can
be gained by the analysis of the predictors taken into account, to which we turn now.

5.2 | Relevant predictors of motivational outcomes (RQ2)

5.2.1 | The role of student factors

Higher levels of situational interest were reached by students with a high level of initial interest,
in line with previous research on interest in general (for example, Rotgans & Schmidt, 2018)
and interest at science outreach labs in particular (e.g., Itzek-Greulich & Vollmer, 2017). More-
over, students who were already curious about particle physics before the intervention demon-
strated higher levels of situational interest after taking part in particle physics hands-on
activities, which can be explained by the close relationship between epistemic curiosity with the
construct of interest (Alexander & Grossnickle, 2016). Similarly, higher levels of situational self-
concept were reached by students who had high physics self-concept.

Furthermore, the results of the regression models suggest that the motivational outcomes of
the intervention were independent of all student factors capturing potentially relevant prior
experience and knowledge such as age, experience with particle physics, hands-on experiments,
or out-of-school science learning. Moreover, even students' English skills did not have a signifi-
cant influence, which is compatible with the results of a study at a bilingual (English and
German) science outreach lab showing no effect of language on learning (Rodenhauser, 2018;
Rodenhauser & Preisfeld, 2018).
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These findings provide another aspect of the promising potential of out-of-school learning
opportunities, especially if they are catering to a diverse audience from different countries and
educational backgrounds. Indeed, European students aged 16–19 were able to follow and bene-
fit from hands-on activities in English, even if English was not their mother tongue, and even if
they had little prior experience with hands-on experimentation, out-of-school learning, or the
learning topic particle physics.

5.2.2 | The role of setting factors in predicting interest

Among the setting factors, tinkering support (e.g., helpful instructions and easy to find mate-
rials) and tutor support (e.g., help in case of problems and display of fascination for physics)
were the most relevant predictors. Hence, even after controlling for student factors such as their
prior experiences and interest, students' perception of support—both by the learning environ-
ment and the educators in the room—was a crucial element of their science outreach lab expe-
rience. The results of this quantitative study thus complement the qualitative study results by
Habig et al. (2020) who describe the interaction with STEM professionals as important design
principle of successful out-of-school science learning programs. Moreover, this result is consis-
tent with findings by Glowinski and Bayrhuber (2011), who identified support by scientists
(“quality of instruction”) as important predictor of situational interest, as well as with findings
by Pawek (2009) who reports support by tutors and a positive learning atmosphere as strong
predictors of situational interest. Consequently, this study provides further evidence across
learners from 13 countries that supportive interaction with educators is a crucial success factor
of out-of-school learning opportunities.

5.2.3 | The role of setting factors in predicting self-concept

With respect to the motivational outcome “situational self-concept” students reporting high
levels of setting orientation due to their preparation (e.g., students knew what to expect and
were familiar with the schedule) and low levels of cognitive load (e.g., students did not find the
experiments difficult or the instructions hard to understand) benefited more from the interven-
tion. As for interest, the perception of support by tutors was another strong predictor. Hence,
even after controlling for student factors such as their prior experiences and dispositional self-
concept in physics, students' perception of their cognitive preparedness, their cognitive load as
well as the support they received were vital components of their science outreach lab experi-
ence. This is consistent with other research emphasizing the importance of novelty-reducing
preparation (i.e., setting orientation) and the impact of cognitive load on learning and develop-
ment. For example, Streller (2015) confirmed positive effects on students' situational self-
concept (and interest) when preparing them via an online portal. Also, Molz (2016) confirmed
that preparation aiming at reducing setting novelty had a positive effect on the motivation com-
ponent “self-concept”. Potential detrimental effects of a lack of familiarity and overwhelming
novelty have been mentioned by other researchers investigating science outreach labs
(Dairianathan & Subramaniam, 2011; Itzek-Greulich et al., 2015; Randler et al., 2005). How-
ever, only a few studies systematically accounted for cognitive load at out-of-school science
learning offers (Scharfenberg & Bogner, 2010; Goldschmidt et al., 2016; Mierdel &
Bogner, 2021; Röllke et al., 2020; Van Winkle, 2012). The present work adds to this research by
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highlighting cognitive load as the strongest predictor of self-concept. This result suggests that
cognitive load should be included systematically in research about motivational outcomes of
science outreach labs. Moreover, the specific setting of our study allowed to replicate previous
findings from almost exclusively German science outreach labs focusing on life science with a
sample of students from a broad range of countries and a science outreach lab in the area of
physics.

The differences between the regression coefficients of setting factors when modeling interest
and self-concept might be explained by the different roles of affective and cognitive aspects with
respect to these two motivational outcomes. Although interest involves both affective and cog-
nitive components, the latter is more important when interest develops into a disposition over
time (Hidi, 2006), while for situational interest, the affective component might be dominant.
Consequently, it seems plausible that not the cognitive setting factors but rather the social and
affective factors are relevant predictors of students' situational interest. In contrast, self-concept,
defined as a collection of cognitive concepts about oneself (Gutman & Schoon, 2013; Valentine
et al., 2004), does not have prominent affective components. Thus, it is plausible that cognitive
setting factors are the most relevant student-level predictors of situational self-concept. For both
motivational outcomes, however, the perception of tutors stands out as crucial laboratory
characteristic.

5.2.4 | Overall effects of student and setting factors

We hypothesized that the motivational outcomes of science outreach labs strongly depend on
student factors and students' perception of setting factors. In our study, 58% of the variance of
students' situational interest as well as their self-concept was accounted for by predictors in the
multilevel models. This good model fit (Muijs, 2004) suggests that our strategy of modeling
motivational outcomes on research-based and well-operationalized factors (9 student factors
and 5 setting factors) proved successful. Indeed, by quantitatively assessing and comparing a
high number of student and setting factors across multiple countries, we present a novel synthe-
sis of these impact factors.

5.3 | Student- and group-level influences on situational interest and
self-concept

Not only did the motivational outcomes interest and self-concept show a significant proportion
of group-level variance, but also many of the student and setting factors that served as predic-
tors in the multilevel models of motivational outcomes. However, students in the same group
always came from the same school and often shared the same physics teacher. Hence, the
teachers as well as the conditions at school might affect certain student factors.

Indeed, the VPC of students' experience with hands-on experiments (58%) confirms a large
group-level influence, consistent with what one would expect for groups of students taught by
different teachers under different education systems. Similarly, students' dispositional interest,
English skills, and previous experience with particle physics all demonstrated VPCs above 27%,
which can also be attributed to different teachers and education systems. However, students'
curiosity toward particle physics showed a considerably smaller VPC of 17%. This comes as a
surprise because epistemic curiosity and interest are closely related constructs, and both should
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be affected by group-level variables such as teachers in a similar way. This could indicate that
students' curiosity toward particle physics is more independent of prior teaching influences.
Similarly, students' dispositional self-concept demonstrated a comparatively small VPC of 13%.
This is consistent with the VPC of students' situational self-concept (14%), suggesting that
self-concept is less affected by group-level variables, such as teachers, and acts rather as an indi-
vidual student characteristic. Surprisingly, students' previous experience with out-of-school
learning showed one of the smallest VPCs of 6%. This suggests that a large proportion of stu-
dents' out-of-school science learning experience was not acquired during school trips. Instead,
students might have acquired the majority of their out-of-school science learning experience
outside of their school group, for example, during family trips or extracurricular activities.

Interestingly, all setting factors showed relatively low proportions of group-level variance.
For example, only 10% of the variance of students' perception of support by tutors was esti-
mated at the group level. However, tutors varied between groups and it would therefore be
plausible if this variable had a larger group-level variance. Although, students' perceptions of
tutors were extremely positive, and the variables' variance was quite small in the first place, the
differences between tutors were not that important to students. The factor “setting orientation
due to preparation,” on the other hand, demonstrated a slightly higher proportion of 19%
group-level variance. Since the teachers of the group were responsible for preparing their stu-
dents for the trip to the science outreach lab, it makes sense that students within one group per-
ceived their setting orientation in a similar way to some degree.

When comparing the two different groups of predictors, student factors showed much larger
VPCs (average VPC of 27%) than setting factors (average VPC of 12%). Here, student factors
refer to student characteristics while setting factors characterize students' perception of labora-
tory characteristics. Hence, it comes as no surprise that the clustering of students in groups
affects variance components of student characteristics more than variance components of per-
ceived laboratory characteristics, even if student factors affect setting factors to a certain degree.

Note that student-level predictors accounted for group-level variance because the predictors
themselves showed a substantial proportion of group-level variance. In particular, student fac-
tors such as students' dispositional interest did not act like “pure” student-level predictors for
the outcome “situational interest,” but instead were a combination of student- and group-level
predictors. Indeed, the results suggest that the large VPC for the motivational outcome “situa-
tional interest” can be traced back, at least partly, to the large VPCs of the predictors. This sug-
gests that a significant proportion of variance in the outcomes of this particular out-of-school
learning opportunity cannot be attributed to students' perception of the learning activities but
needs to be attributed to the initial conditions of the group.

In summary, the present results provide a synthesis of 14 research-based predictors on moti-
vational outcomes of science outreach labs hitherto unavailable. In particular, a group of nine
student factors capturing characteristics of learners was combined for the first time with a
group of five setting factors. First, this allowed to draw attention to the importance of specific
factors such as tutor support, cognitive load, or prior setting orientations, which should be more
systematically be taken into account in future motivational research about science outreach
labs. Second, our results allow to rank student and setting factors suggested by previous
research based on their importance in predicting motivational outcomes. For example, neither
prior experience or knowledge nor English language skills were significant predictors. However,
almost all setting factors, in particular, all forms of support (prior orientation, tinkering, tutors),
and cognitive load were highlighted as very important predictors even after controlling for stu-
dent factors. Third, our results allow to interpret within the multi-level analysis, which of the
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predictors have larger or smaller variance components on the group level. Thus, we draw atten-
tion to the benefits of multi-level analysis in out-of-school science learning settings as it pro-
vides insights into differences between the initial conditions of groups of learners, which can
even be used to better adapt learning activities to the needs of specific groups. Finally, our
models account for almost 60% of the variance of both motivational outcomes confirming a suit-
able selection and a good model fit of the research-based impact factors in this study.

6 | CONCLUSIONS

6.1 | Summary and implications

Previous studies had suggested that science outreach labs have a unique educational potential
based on their unique features, such as access to rare equipment, hands-on experimentation,
and contact with scientists. However, the effectiveness of these educational opportunities
depends on their design and how they succeed in realizing their potential in the actual interac-
tion with students. At the same time, it is necessary to balance the amount of novelty partici-
pants experience to ensure enough cognitive capacities to successfully process the learning
experiences. Consequently, the present study was designed to explore a large set of research-
based impact factors of hands-on learning activities at science outreach labs.

The findings of this study contribute in several ways to our understanding of motivational
effects at science outreach labs: First, the results confirm a considerable motivational effective-
ness of the intervention based on particle physics experiments at a large research facility.
Despite the short intervention time of only 4.5 h, participation led to very high situational inter-
est and situational self-concept in physics. Note that this is, to the best of our knowledge, the
first empirical evidence for the hypothetical motivational potential of experiencing “big science”
at an out-of-school learning opportunity (Braund & Reiss, 2006). Moreover, these findings were
observed consistently on a sample consisting of students from 13 (mostly European) countries,
thus considerably extending previous research on science outreach labs that focused mainly on
a few selected countries.

Second, we observe a closing of a motivational gender gap (Baram-Tsabari & Yarden, 2011)
with respect to science. Although female participants reported a slightly lower physics-related
interest and self-concept than male participants, they showed larger gains for both dimensions,
and no gender differences were identified after the intervention. Here, two aspects add to and
expand our current understanding of the gender gap in interest and self-concept in physics. This
study confirmed an initial gender gap in students' physics-related interest and self-concept even
for high-achieving students taking part predominately in advanced-level physics courses. More-
over, both the initial gender gap and its closing at a science outreach lab were observed consis-
tently across 13 (mostly European) countries with different educational systems.

Third, to advance our understanding of factors impacting the learning experience in an out-
of-school setting, we followed the recommendation by Falk and Storksdieck (2005) to study
homogeneous groups of learners with a large sample size while using a careful selection of
well-established predictors in multilevel models to account for students' different initial condi-
tions as well as their perceptions of relevant setting factors. Our research contributes to existing
knowledge in the field about that matter in several ways. (i) We provide a new synthesis of
14 predictors suggested by previous research, allowing to identify predictors among both stu-
dent and setting factors and rank them according to their influence. Together, the chosen
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predictors accounted for almost 60% of the variance in students' motivational outcomes, exceed-
ing other recent studies by a factor of two. We interpret this as a step toward a systematic mea-
surement and understanding, providing valuable information about science outreach labs and
how to optimize their effectiveness. (ii) None of the learner characteristics regarding potentially
relevant prior experience and knowledge (particle physics, hands-on experiments, out-of-school
science learning, and English) was found to have a significant influence. This is particularly
interesting when considering the encouraging motivational effects of the intervention and the
closing of the gender gap. Taken together, and in view of the broad sample of countries in the
sample, our results add evidence that science outreach labs can provide a motivational
enhancement for diverse kinds of learners, of different gender, prior experience and knowledge,
and from different educational backgrounds. (iii) On the other hand, we provide empirical evi-
dence for predictors that are influential for the motivational enhancement at science outreach
labs and that can help inform researchers and practitioners about relevant success factors. We
find that students' perception of support both by the learning environment and the educators in
the room was a crucial settings factor with respect to their triggered situational interest. Fur-
thermore, students' perception of their cognitive preparedness and their cognitive load were
vital setting factors with respect to their situational self-concept. These results suggest that, even
after controlling for a number of student factors, guidance, scaffolding, and preparation are
highly valuable elements of science outreach labs even for high-achieving students and when
targeting affective outcomes.

Fourth, multi-level analyses provided informative insights into the variance components not
just of the dependent variables but also of the independent variables, which allowed to attribute
effects of predictors to individual as well as group differences. These results can also allow to
adapt learning activities to the specific needs of groups of learners. Moreover, the analysis of
variance partition coefficients for the 14 student and setting factors provides evidence for the
degree of necessity of multi-level analyses when investigating science outreach labs. Indeed, our
findings strongly support the use of multilevel models on the clustered data that are usually
produced at out-of-school learning opportunities as it avoids overestimating effective sample
sizes.

Fifth, we also present a set of valid, reliable, and short measures that might support future
research in informal learning settings.

6.2 | Limitations and strengths

There are several limitations to this study. First, the correlational research design does not allow
to draw conclusions about the causal relationships among the measured variables. Instead, this
study assesses the relationships between motivational variables as dependent variables and a
set of predictor variables. For instance, questionnaire items in the post-test specifically referred
to the effects caused by the particle physics experiments in S'Cool LAB. Nevertheless, students'
answers in the post-test might have been influenced by factors other than those related to the
intervention. For example, participation in the guided tour at CERN before the intervention in
S'Cool LAB or follow-up activities prepared by the teacher between the intervention in S'Cool
LAB and the post-test might also have affected the educational outcomes reported by the stu-
dents within this study. Moreover, findings of the reduced motivational gender gap are consis-
tent with the interpretation that science outreach labs provide a more neutral learning
environment in which certain gender stereotypes might not be activated. However, more

958 WOITHE ET AL.|



research would be needed to actually establish this interpretation. Similarly, future research
should compare the motivational effects of S'Cool LAB at CERN with other opportunities to
experience “big science”.

Second, the intervention of this study focused on particle physics experiments. Here, stu-
dents might find particle physics generally interesting, or more interesting than other physics
or science topics. Consequently, comparisons of absolute scores for interest and self-concept
should be interpreted with caution. Moreover, future studies should investigate the role of
student-level and setting-level predictors in a science outreach lab focusing on a different topic.

Third, as is usually the case with out-of-school learning opportunities, this study relied on
the research sample provided by participants taking part in the offers of the presented out-of-
school learning lab. Therefore, students were not randomly selected. Instead, groups of students
were selected based on their teacher's motivation. Many of the groups consisted of students
studying advanced level physics courses. Consequently, students in this study exhibited a high
dispositional interest in physics as well as a high dispositional physics self-concept. This bias
(via ceiling effects) is also reflected in the deviations from a normal distribution of the regres-
sion residuals of linear models. Also, this study sample showed a gender bias with only about
one-third female participants. Although the use of online questionnaires proved successful, only
about two-thirds of the students who filled out the pre-test also filled out the post-test, which
might have resulted in an additional bias in the sample toward students who had a positive
experience. Although the results of this study are consistent with previous research studies, they
may not be readily generalizable to other populations of high-school students. However, the
very positive motivational impact of the intervention was not significantly influenced by rele-
vant prior experience and knowledge. Consequently, it is justified to expect that the interven-
tion might also be beneficial for average-achieving students (potentially even leading to higher
effect sizes, as there the present data showed a tendency toward a ceiling effect for the highly
motivated students of our sample). Nevertheless, future research should investigate not only the
effect of this intervention but also the relevance of the identified predictors for a different sam-
ple. A more heterogeneous sample can be recruited by inviting, for example, randomly selected
school groups of local public schools.

Fourth, while the set or predictor variables considered here is broader than in previous stud-
ies at science outreach labs, there is of course no claim to be exhaustive. For instance, other
research has focused on personality traits like conscientiousness (Itzek-Greulich &
Vollmer, 2017). Combining results from different studies in a systematic way, as proposed in
the present work, may lead to an increasingly comprehensive understanding of motivational
effects at science outreach labs.

Furthermore, the results suggest that cognitive motivation components are affected more by
cognitive factors, whereas affective motivation components are affected more by affective and
social factors. Future research could examine this relationship more in detail, for example,
through manipulating specific novelty types and investigating the effect on different types of
affective and cognitive outcomes.

Finally, this study focused on effects on situational interest and self-concept and did not
study effects on the more stable dispositional variables. Hence, our study does not allow to elu-
cidate the complex “trait/state” interactions discussed in the literature (see, e.g., Ainley, 2017,
Knogler et al., 2015; Krapp et al., 1992), which would need more detailed research. In particu-
lar, effects of single short-time interventions are usually not large and fade within a few months
(Jarvis & Pell, 2005). Nevertheless, future studies should explore long-term effects of
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interventions at science outreach labs and ways to enhance them by appropriate instructional
measures such as follow-up activities.

The strength of the presented study lies in the combination of an intervention with a unique
educational potential at a large research facility, a large multi-national student sample, and a
multilevel modeling approach. Furthermore, the research-based assessment of a broad selection
of student and setting factors allowed to systematically derive a novel synthesis of impact fac-
tors that affect the educational effectiveness of science outreach labs. In summary, we consider
that the science outreach lab S'Cool LAB at CERN appears as a promising approach to provide
an appreciable boost for physics-related interest and self-concept of high-school students. Fur-
ther analyses show that this holds for diverse kinds of learners, of different gender, prior experi-
ence and knowledge, and from different educational backgrounds. Moreover, they allow to
identify essential influence factors on the student and setting level which are of interest for
future research about and the practical design of science outreach lab interventions alike.
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ENDNOTES
1 We use the term “out-of-school learning” and not “informal learning,” because these learning opportunities
can be closely connected to formal learning in school (Eshach, 2007).

2 A part of the literature cited below refers to museums. However, some features of learning settings at science
outreach labs differ from those in museums; for instance, students' choice is more limited during the hands-on
activities at science outreach labs. Nevertheless, similar factors have been shown to influence the motivational
effectiveness of hands-on sessions in both settings.

3 Note that Hattie (2008) points out that this is an element of discussion to be used with circumspection, not a
threshold value to be blindly applied. Lower effect sizes might well be worth consideration, depending on avail-
able alternatives, effort, and so on, and vice versa for higher effect sizes.
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