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competitions to better support all participants in developing profile analysis
competence and career aspirations, a better understanding of the

cognitive and affective characteristics of the entirety of participants

is required. This study examined the Physics Olympiad as a specific

type of science competitions, leading to a nuanced characterisation

of N=155 Physics Olympiad participants. Latent profile analyses

revealed four participant profiles distinguished by specific patterns

in cognitive abilities, physics interest, and physics self-efficacy.

Profiles differed in their performance in the competition and their

physics career aspiration. Grade level, gender, previous participation

in the competition, and teacher support explained differences in

profile membership. Our findings emphasise that Physics Olympiad

participants are a heterogeneous group with varying needs and

offer implications for more individualised support activities to

better support the entirety of participants in developing science

competence and career aspirations.
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support the development of science competence and engagement, students must be offered
learning activities designed to meet their individual needs (e.g. Smale-Jacobse et al., 2019;
U. S. Department of Education, 2013). One example of such learning activities are science
competitions heavily subsidised by governments all around the world (e.g. Stake & Mares,
2001). Science competitions target students interested in science with the aim to support
them in the development of their competence and to nurture their interest, effectively enga-
ging them in a science career. Contrary to the common belief that science competition par-
ticipants are all exceptionally competent and strongly motivated to pursue a science career,
there is a growing body of evidence indicating that the entirety of science competition par-
ticipants is rather heterogeneous in terms of cognitive (e.g. Urhahne et al., 2012) and affective
characteristics (e.g. Steegh et al., 2021a). In order to better support all science competition
participants in developing science competence and career aspirations, a better understanding
of the diverse cognitive and affective characteristics of the entirety of participants is required.

Previous research provides a rather incomplete picture of science competition par-
ticipant characteristics, their science competence and career aspirations. First, studies
mainly focussed on the small proportion of more successful participants. Second, the
focus was either on cognitive student characteristics (e.g. Kohler, 2017) or affective
(e.g. Steegh et al.,, 2021a) although both were shown to play an important role in the
development of science competence and career aspirations (e.g. Deary et al., 2007;
Marsh & Martin, 2011). Third, most studies investigated relationships between
single student characteristics and science competence or career aspirations (e.g.
Urhahne et al., 2012). However, as suggested by Teig et al. (2020), due to the high inter-
relatedness of student characteristics, insights on the effects of single characteristics on
science competence or career aspiration offer little guidance for designing learning
activities tailored to students’ needs. Hence, to better support a broad range of
science competition participants in developing science competence and career aspira-
tion, taking a holistic approach in which cognitive and affective characteristics and
their relationships with science competence and career aspirations are studied as inter-
relating factors should be expedient.

The main goal of this study was to develop a differentiated characterisation of partici-
pants of the German Physics Olympiad as a task-centred science competition. We
employed a holistic approach by identifying profiles of participant characteristics, i.e.
patterns of cognitive and affective characteristics unique to selected groups of partici-
pants. We moreover examined how profile membership relates to science competence
and career aspirations and the role of selected covariates on facilitating or hindering
favourable transitions of participants between profiles. Our findings provide implications
for more individualised and targeted support activities to best support all science com-
petition participants in developing their science competence and career aspirations.

Theoretical background
Formats of science competitions

Science competitions are competitive informal learning activities that come in a broad
range of formats, typically focusing on school science subjects. These competitions com-
monly share the broader objective of supporting participating students in developing
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competence in science and nurturing their motivation to possibly engage in a science
career (e.g. Campbell et al.,, 2000; Petersen et al., 2017). Science competitions can be
broadly categorised into project-centred competitions, such as science fairs, and task-
centred competitions, such as science Olympiads, although hybrid and alternative
formats exist. In project-centred competitions, such as the renowned Regeneron Inter-
national Science and Engineering Fair, participants either work individually or in
teams on self-selected projects, thereby applying scientific methodologies to investigate
a research problem (e.g. Jaworski, 2013). In contrast, task-centred competitions typically
require participants to work individually on demanding theoretical and often also exper-
imental problems (Petersen & Wulff, 2017). Examples of task-centred competitions
include Olympiads such as the International Olympiads in Biology, Chemistry, and
Physics as well as the International Junior Science Olympiad, in which exceptionally
motivated and skilled students from around the globe participate. These participants
are usually selected through national multi-round Olympiads which encompass a far
greater range of students. Throughout these multi-round Olympiads, participating stu-
dents solve progressively difficult subject-specific problems. Only the highest-performing
participants advance to the subsequent rounds. Beyond simply identifying the most
exceptional participants, these competitions also typically offer support activities, such
as seminars, excursions, lectures, and learning materials, to further support the develop-
ment of participants’ science competence and career aspirations. However, it is impor-
tant to note that the extent of support provided tends to increase in the more
advanced competition rounds. This implies that the more successful participants
receive the greatest support, while the majority of participants, who are less successful,
receive comparatively less support.

The German Physics Olympiad as a science Olympiad

The German Physics Olympiad serves as the national precursor to the International
Physics Olympiad. At the start of this competition, advertisement material is sent out
to secondary schools across Germany. Interested students then have the option to volun-
tarily register online for participation, i.e. participating students represent a self-selected
group. The Physics Olympiad comprises four distinct rounds, each presenting partici-
pants with demanding theoretical and experimental physics problems that they have
to work on individually. Only the highest-performing participants from one round
advance to the subsequent round. In the first and second round, participants work on
the problems either at home or in school. About five months are available for solving
the first-round problems, whereas approximately one month is designated for the
second-round problems. The third and fourth round brings participants together at a
research institute for a week of intense engagement, involving both experimental and
theoretical examinations. During this week, participants also have the opportunity to
attend seminars, excursions, and talks by physicists. The top five performers of the
fourth round then earn an invitation to participate in the International Physics Olym-
piad. Overall, support activities at the outset of the Physics Olympiad are somewhat
limited, primarily relying on the provision of online learning resources. However, as par-
ticipants progress to later rounds, support activities become more variable and lively, fea-
turing elements such as seminars and excursions, due to the in-person character of these
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rounds. For a detailed breakdown of the German Physics Olympiad, see Petersen and
Wulff (2017).

We argue that the German Physics Olympiad exhibits characteristics that make it a
prototype among science Olympiads in certain aspects. A survey among countries parti-
cipating in the International Physics Olympiad revealed that there are both similarities
and differences among countries’ national Physics Olympiads (Petersen & Wulff,
2017). On average, national Physics Olympiads comprise 3.1 rounds (SD=1.2
rounds), rendering the German Physics Olympiad reasonably representative in this
regard. The survey also revealed that entry rounds of national Physics Olympiads are
typically decentralised, while the higher rounds become more and more centralised,
similar to the German Physics Olympiad. Another similarity across these Olympiads is
the notable increase in the proportion of experimental problems towards the higher
rounds, similar to the German Physics Olympiad’s approach. A huge difference
between countries relates to the number of participants in the entry rounds, ranging
from few to half a million students. While these differences may be partly attributed
to the different populations, other factors come into play, including pre-selection pro-
cedures, voluntary vs. mandatory participation, specialised preparatory trainings for stu-
dents, and culturally different values assigned to such Olympiads. Such differences do not
only exist on a national level, but also regionally, and even between schools in the same
city. Consequently, establishing a definitive prototype for a Physics Olympiad proves
challenging. Nonetheless, we argue that the German Physics Olympiad can be regarded
prototypical among other Physics Olympiads globally, employing criteria based on their
shared characteristics, such as the number of selection rounds, the transition from decen-
tralised to centralised rounds, and the increasing emphasis on experimental problems in
higher competition rounds. Furthermore, we argue that the German Physics Olympiad
can also serve as a prototype for Olympiads centred on other science domains or even
science in general. While each science domain has its unique focus and methods, they
all share fundamental principles (common scientific methodology and practices, overlap-
ping concepts). These core principles should remain central in science Olympiads across
domains, attracting similar groups of students irrespective of the specific science domain.

Theoretical framework and relevant constructs

For this study, the expectancy-value model of achievement-related choices (e.g. Eccles,
2011) was chosen as theoretical framework as it incorporates various person character-
istics and their relationship with achievement-related choices (such as science career
aspirations) and performance (for example in science Olympiads). The expectancy-
value model has previously been applied in science Olympiad settings to understand par-
ticipants’ career aspirations (Garrecht et al., 2023; Steegh et al., 2021a) and to explain
exceptional performance in the competition (Stang et al.,, 2014; Steegh et al., 2021b;
Urhahne et al., 2012). Given that the Physics Olympiad targets students passionate
about physics who possibly wish to showcase their abilities and invest effort in honing
them, we selected the matching expectancy-value constructs physics interest, physics
self-efficacy, and grit as profile defining constructs. Moreover, as science Olympiads typi-
cally revolve around participants’ abilities to solve demanding theoretical (and exper-
imental) science problems, we decided to also select cognitive person characteristics
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from the expectancy-value model. Thus, in addition to the aforementioned affective con-
structs (physics interest, physics self-efficacy, and grit), we decided to use participants’
general cognitive abilities and domain-specific cognitive abilities (physics problem
solving abilities) for profile definition. While we acknowledge that both physics interest
and physics self-efficacy encompass a cognitive component alongside their affective com-
ponent (e.g. Bandura, 1997; Renninger & Hidi, 2011), we refer to them as affective
characteristics to differentiate them from solely cognitive characteristics. In summary,
we intend to utilise physics interest, physics self-efficacy, and grit as affective character-
istics and general and domain-specific cognitive abilities as cognitive characteristics to
establish a differentiated characterisation of Physics Olympiad participants.

Literature review on characteristics of science Olympiad participants

Science Olympiad participants are typically assumed to have highly developed cognitive
abilities. Participants’ domain-specific cognitive abilities were typically operationalised
by their grades in science domains and generally found excellent, even beyond science
domains (e.g. Campbell, 1996). Balta and Asikainen (2019) found Physics Olympiad par-
ticipants to have far better developed problem solving abilities than non-participating
students. Lind and Friege (2001) found that participants of the Physics Olympiad and
non-participating students with comparable age and level of education did not differ
in terms of their general cognitive abilities. When solely focussing on science Olympiad
participants, however, findings regarding general cognitive abilities are more inconsist-
ent. On one hand, Urhahne et al. (2012) compared more and less successful participants
in the Chemistry Olympiad based on their nonverbal cognitive abilities (figurative think-
ing) and found a significant difference with medium effect size. On the other hand, Stang
et al. (2014) conducted an almost identical study within the Biology and Chemistry
Olympiad and found no significant difference in participants’ nonverbal general cogni-
tive abilities.

Students participating in science Olympiads are also typically described as having
favourable affective characteristics as prerequisites for engaging in a science career.
They have been confirmed to be highly interested in science domains (Campbell,
1996; Forrester, 2010). Participants’ self-efficacy was also found generally high (Steegh
et al., 2021a). Moreover, participants are said to show high willingness to exert effort
(Urhahne et al., 2012) which relates to a person’s level of grit. Grit can be described as
an individual’s perseverance of effort and passion for certain long-term goals (Duck-
worth et al., 2007). However, there exists evidence that the group of science Olympiad
participants is rather heterogeneous regarding their affective characteristics. Campbell
and Feng (2010) found that more and less successful participants differed in their
levels of motivation. Steegh et al. (2021a) was able to identify notable differences in
Chemistry Olympiad participants’ interests which is in accordance to findings of Lind
and Friege (2004) who identified subgroups of Physics Olympiad participants with
varying levels of physics interest. In total, science competition participants seem to
show considerable variance regarding their affective characteristics instead of being a
homogeneous group.

An in-detail characterisation of science Olympiad participants becomes increas-
ingly complicated if both cognitive as well as affective student characteristics are
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considered. For example, one can expect to find highly skilled participants with
different levels of motivation and highly motivated participants with different
levels of abilities. The relationship between such specific patterns in participants’
cognitive and affective characteristics and participants’ science competence and
career aspirations cannot be broken down to individual effects of specific character-
istics on, for example, career aspirations due to the characteristics” high interrelated-
ness (e.g. Seidel, 2007). Moreover, there are additional factors that seem to influence
participant characteristics as well as science competence and career aspirations. More
competent participants were found to be — on average — more often of the male
gender, older, and had received more parental support than their peers (e.g.
Steegh et al., 2021a). In other studies, participants reported they perceived parental
support and a home atmosphere conducive to learning as important for the develop-
ment of science competence (e.g. Campbell, 1996; Nokelainen et al., 2004). More-
over, science Olympiad participants reported support by specific teachers as an
important factor in their development of competence and interest (Lind & Friege,
2001). Female gender was also found to be related to lower motivation of science
Olympiad participants (Steegh et al., 2021a). Moreover, previous participation in a
science competition was found to be associated with higher science interest and
stronger self-efficacy beliefs (Hoffler et al., 2019).

Altogether, existing studies primarily point out relations between separate variables.
However, since these variables were generally shown to interact, it remains unclear
what conclusions to draw for individual participants. Thus, there exists a rather diffuse
and incomplete picture of the interplay of science Olympiad participants’ cognitive
and affective characteristics, their relation to science competence and career aspiration,
and the role of factors such as age, gender, and social support.

A holistic approach

Holistic approaches seek to understand a subject or problem in its entirety, trying to con-
sider all relevant factors and in particular their interactions at the same time, rather than
focussing on isolated aspects, to provide a more comprehensive and nuanced under-
standing. They are seen as valuable when dealing with complex, multifaceted problems
since breaking them into smaller parts for analyses might miss the big picture and
lead to wrong conclusions (Teig et al., 2020). Thus, holistic approaches seem particularly
suited for establishing a differentiated characterisation of science competition partici-
pants that recognises the complexity and interplay of student characteristics. One
form of holistic approaches are person-centred approaches that describe similarities
and differences among individuals in terms of how relevant characteristics of individuals
interplay while assuming that the population under investigation is heterogeneous with
respects to the interactions between the characteristics (Laursen & Hoff, 2006). In prac-
tise, these approaches search for unobserved or latent subgroups of individuals (so-called
profiles) within the population under investigation, whereby these subgroups are
described by similar patterns of characteristics within subgroups and different patterns
between subgroups.

Using such a person-centred approach, Steegh et al. (2021a) identified four Chemistry
Olympiad participant profiles (fearful pessimists, worried optimists, average participants,
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and carefree participants) based on affective characteristics such as self-efficacy and inter-
est. Their results suggest three distinct levels of motivation among participants, i.e.,
highly, averagely, and least motivated participants. However, it remains unclear how
those motivational levels intertwine with participants’ cognitive characteristic. Specifi-
cally, findings by Seidel (2007) suggest such an interplay between cognitive and
affective student characteristics. Seidel (2007) also used a holistic approach. She investi-
gated regular secondary school students in physics classes and identified five profiles
(strong, uninterested, underestimating, overestimating, and struggling) characterised
by specific patterns in students’ cognitive (physics content knowledge, general cognitive
abilities) and affective characteristics (physics interest, physics self-concept of ability).
We hypothesise the existence of similar profiles among Physics Olympiad participants
(but in different proportions) as they can be regarded a subgroup of the population in
Seidel’s study.

The present study

To establish a differentiated picture of science Olympiad participant characteristics, this
study aimed to identify participant profiles based on participants’ cognitive and affective
characteristics using a person-centred approach. For this purpose, we chose to focus on
participants of the German Physics Olympiad - a prototypical science Olympiad. More-
over, we chose physics problem solving abilities and general cognitive abilities as cogni-
tive and physics interest, physics self-efficacy, and grit as affective participant
characteristics. Additionally, we aimed to understand how participants’ physics compe-
tence and physics career aspirations differ across profiles. We furthermore argue that
profile membership is not fixed and transitions can occur as both cognitive and
affective characteristics are malleable and can change over time (e.g. Ericsson et al,
1993; Kubsch et al., 2022). While our data’s cross-sectional nature prevents us from
directly uncovering participants’ transitions between profiles, we can still make data-
driven recommendations to promote favourable transitions between profiles through
support activities by knowing about participant profiles and their relation to competence
and career aspirations. This naturally raises the question of the extent to which covariates
such as grade level, gender, previous participation, teacher support, and parental support
may facilitate or hinder favourable transitions of participants between profiles. This ques-
tion can at least be answered indirectly using cross-sectional data by examining how
specific covariates predict profile membership. In summary, this study aimed to
answer the following research questions:

RQ1: Which profiles of Physics Olympiad participants can be identified using cognitive
(physics problem solving ability, general cognitive abilities) and affective character-
istics (physics interest, physics self-efficacy, grit) as profile indicators?

RQ2: How does profile membership relate to participants’ physics competence and
physics career aspirations?

RQ3: To what extent can profile membership be predicted by grade level, gender, pre-
vious participation in the Physics Olympiad, and perceived support by teachers
and parents?
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Methods

This study was situated within a larger research project investigating the development of
successful and unsuccessful participants in major science competitions in Germany
including the Physics Olympiad. All students who registered for one of the competitions
under investigation received an invitation to voluntarily participate in the project which
consisted of multiple online surveys accompanying the competition. In this particular
study, we used data from the first two surveys employed in the Physics Olympiad. Stu-
dents could complete the first survey starting with the online provision of the first-
round problems until receiving a notification about their results in the first round.
This first survey covered participants’ physics interest, physics self-efficacy, grit, their
physics career aspirations, as well as information about their grade level, gender, previous
participation, teacher support, and parental support. All students who completed the first
survey were invited to the second survey at the start of the second competition round,
regardless of their success in first competition round. This second survey covered instru-
ments measuring participants’ general cognitive abilities and their physics problem
solving abilities. Again, students had time to complete the survey until receiving a notifi-
cation of their second-round results. Instruments measuring cognitive characteristics
were not part of the first survey to prevent excessive burden on participants.

Participants

In the year of data collection, a total of 931 students decided to participate in the Physics
Olympiad (28% identified as female; age: M = 16.3 years, SD = 1.1 years). Of those 931
students, a total of 155 students participated in this study and completed an online
survey (32% identified as female; age: M = 16.3 years, SD = 1.1 years). The majority of stu-
dents in this sample (97%) attended academic track (Gymnasium). The average highest
round reached in the Physics Olympiad (which consists of four rounds in total) was 1.51
(SD =0.65), compared to 1.65 (SD = 0.70) for the subgroup of participants in this study.
This suggests that our sample can be considered representative of all Physics Olympiad
participants in terms of age, gender ratio, and average performance in the competition.

Instruments

Cognitive characteristics involved participants’ general and domain-specific cognitive
abilities. General cognitive abilities were assessed using the subscale for quantitative abil-
ities of the cognitive abilities test by Heller and Perleth (2007) in which students receive
different items according to their grade level. For obtaining comparable general cognitive
ability scores across participants, even though they received different items, we per-
formed a Rasch analysis (WLE reliability = .77; see Supplemental Materials for further
information). To assess physics problem solving ability as a domain-specific cognitive
ability, we used an instrument that focusses on students’ problem solving strategies
and requires students to describe in full sentences how they would solve four well-
defined physics problems without explicitly solving them (for a full description of the
instrument, see Wulft et al., 2023). Students’ responses in this problem solving test
were entirely double coded by two independent raters. Initial agreement between the
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raters measured through Cohen’s linearly weighted kappa (Warrens, 2012) was almost
perfect (x =.81; Landis & Koch, 1977). To further increase the quality of ratings, dis-
agreements between the raters were discussed until a consensus was reached.

Affective characteristics included physics interest, physics self-efficacy, and grit which
were measured with instruments using four-point Likert scales ranging from ‘T comple-
tely disagree’ (1) to ‘T completely agree’ (4). The number of items in each instrument as
well as internal consistencies measured through Cronbach’s alpha are given in brackets.
Physics interest (four items; « =.82) was measured with the physics topic interest
measure developed by Daniels (2008). Physics self-efficacy (four items; a=.87) was
measured with an adapted version of the mathematics self-efficacy scale from PISA-Kon-
sortium Deutschland (2006). Participants’ grit (eight items; a =.70) was measured with a
selection of items from the grit scale by Duckworth et al. (2007).

Science competence is regarded as the underlying cause of performance in science (e.g.
Chomsky, 1965) which is why we used students’ performance in the Physics Olympiad
operationalised by their highest reached competition round (ranging from one to
four) as an indicator for physics competence. Physics career aspiration (three items; «
=.93) was measured using an adapted version of the scale for long-term goals by
Urhahne et al. (2012).

Lastly, this study aimed at examining the roles of selected covariates for predicting
profile membership. Participants’ grade level, gender, and previous participation (i.e.
whether a student had already participated in the Physics Olympiad at least once)
were directly assessed in the survey. For measuring participants’ perceived teacher
support (three items; a =.78) and parental support (six items; o = .82) we used an instru-
ment developed by Wulff et al. (2018).

An overview of almost all utilised items of the described instruments can be found in
the Supplemental Materials.

Statistical analyses

The main analyses were conducted using Mplus Version 8.7 (Muthén & Muthén, 1998-
2017). All aspects regarding data pre-processing and measurement invariance testing are
described in the Supplemental Materials.

To answer RQ1, i.e. to identify profiles of Physics Olympiad participants based on cog-
nitive and affective characteristics (lower part of Figure 1), we used latent profile analysis
(LPA) as a person-centred approach. LPA aims at identifying latent subpopulations
(profiles) within the population under investigation based on a predefined set of indi-
cator variables (Spurk et al., 2020). Before performing the LPA, all non-categorical vari-
ables were standardised (M =0, SD=1) to facilitate future interpretation of profiles
relative to each other. We then performed a series of LPA with varying model specifica-
tions and with up to six profiles. We used robust maximum likelihood estimation to
address potential non-normality of data. To address the potential issue of local
maxima in each analysis, we performed 40.000 random starts with 100 iterations per
random start. Additionally, the best 10.000 solutions identified by the highest likelihood
values went through final-stage optimisation (Hipp & Bauer, 2006). To identify the
optimal solution, we compared all solutions of the different models (i.e. different
model specifications and varying numbers of profiles) based on various fit statistics,
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Figure 1. Analysis framework including profile indicators (RQ1), outcome variables (RQ2), and covari-
ates (RQ3).

profile sizes, and substantive interpretability of resulting profiles. Fit statistics involved
the Akaike information criterion (AIC), the Bayesian information criterion (BIC), and
the sample-size adjusted BIC (SABIC), whereby lower values of each criterion indicate
parsimony and better fit (Weller et al., 2020). Moreover, we used entropy as a measure
which indicates the ability of the model to provide well-separated profiles (Celeux & Sor-
omenho, 1996). Entropy values range from 0 to 1 with higher values representing better
classification accuracy, while values greater than 0.8 are seen to indicate adequate classifi-
cation accuracy (Clark & Muthén, 2009). We also performed Lo-Mendell-Rubin adjusted
likelihood ratio tests (LMR-LRT; Lo et al., 2001) and bootstrapped likelihood ratio tests
(BLRT; McLachlan et al., 2019), whereby a significant p-value indicates that the current
model fits better than the same model with one less profile.

To answer RQ2, i.e. to examine the relationships between profile membership and
performance in the Physics Olympiad (as an indicator for physics competence) as well
as physics career aspirations (middle part of Figure 1), we used the BCH function
implemented in Mplus which computes profile-specific means and tests their equality
using Wald chi-square tests.

To answer RQ3, i.e. to predict profile membership using grade level, gender, previous par-
ticipation, teacher support, and parental support as covariates, we used Mplus’ R3STEP func-
tion which performs a multinomial logistic regression. More precisely, all profiles are
compared pairwise in terms of membership probabilities based on the introduced covariates
(top part of Figure 1). Since resulting regression coefficients are hard to interpret, better inter-
pretable odds ratios (OR) were also computed. Further information regarding the BCH and
R3STEP function can be found in the Supplemental Materials.

Results
Descriptive statistics

Table 1 shows the descriptive statistics of all (unstandardised) variables and particularly
illustrates that physics interest, physics self-efficacy, and career aspirations of Physics
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Table 1. Descriptive statistics of profile indicators, outcome variables, and covariates.

Scale M sSD min max Skewness

Profile indicators:

Physics problem solving ability -8,...,32 7.46 6.75 -2 30 0.77

General cognitive abilities Rasch 0.55 0.95 —1.96 3.08 —0.48

Physics interest 1-4° 3.38 0.59 1.75 4 —0.82

Physics self-efficacy 1-4° 3.29 0.61 1.25 4 —0.93

Grit 1-4° 2.86 0.44 1.75 4 -0.23
Outcome variables:

Performance in the Physics Olympiad 1,234 1.65 0.70

Physics career aspiration 1-4° 3.16 0.84 1 4 —0.81
Covariates:

Grade level 7,...,13 11.15 1.00 8 13 —0.85

Gender 0,1° 032

Previous participation 0,1° 0.60

Teacher support 1-42 3.15 0.69 1 4 -0.75

Parental support 1-42 2.46 0.70 1 4 0.15

Notes: M = scale mean, SD = standard deviation, min/max = minimum/maximum value that actually occurred.
These scales were created by averaging the responses to the corresponding four-point Likert items.
PFemale gender corresponds to 1.

“Having previously participated corresponds to 1.

Olympiad participants were generally high but still exhibited notable variance. Corre-
lations between all variables are found in Table S2 in the Supplemental Materials and
suggest a complex interplay between variables due to several significant correlations.

Identification of participant profiles (RQ1)

We used latent profile analysis (LPA) to identify participant profiles which involves
deciding on the most optimal solution among different model specifications and
varying numbers of profiles. Model fit statistics indicated that a model specification
with freely varying variances and zero covariances provided the best fitting solutions
among the considered model specifications (see Figure S1 in the Supplemental
Materials). Model fit statistics for this model specification with up to six profiles are
shown in Table 2. BIC values were the lowest for the three- and four-profile solutions,
indicating that these solutions best fit the data. Both the LMR-LRT and the BLRT
suggested that the four-profile solution does not fit significantly better (ie. p>.05)
than the three-profile solution. Since both these solutions had a similar satisfying
entropy value (indicating adequate classification accuracy), we decided to examine
further classification diagnostics (see Table S3 in the Supplemental Materials) which

Table 2. Model fit statistics for latent profile solutions with up to six profiles.

LL AIC BIC SABIC Entropy LMR-LRT BLRT Profile sizes
1 —1097.2 22143 2244.8 22131 155
2 —1037.7 2117.4 21813 21148 73 013 .000 86, 69
3 —998.1 2060.2 2157.6 2056.3 .82 .006 .000 58, 50, 47
4 -971.3 2028.6 2159.5 20234 .82 123 333 55, 41, 41,18
5 —954.0 2016.0 2180.4 2009.4 .86 342 1. 53, 40, 33, 19, 10
6 —936.9 2003.7 2201.5 1995.8 .90 369 1. 58,39, 28,17,8,5

Notes: # = number of profiles, LL = log-likelihood, AIC = Akaike information criterion, BIC = Bayesian information criterion,
SABIC = sample-size adjusted BIC, LMR-LRT = p-value of the Lo-Mendell-Rubin adjusted likelihood-ratio test, BLRT = p-
value of the bootstrapped likelihood-ratio test. These fit statistics correspond to a model specification with freely
varying variances and zero covariances.
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provided a small argument for selecting the four-profile solution over the three-profile
solution.

As there was no compelling empirical argument in favour of selecting one profile sol-
ution over the other, we decided to conduct a more substantive examination of the three-
and four-profile solutions. To do this, we visualised both solutions to compare the ident-
ified profiles between the two (see Figure S2 in the Supplemental Materials). The first
thing to note is that two profiles in the three-profile solution have an almost perfect struc-
tural similarity to two profiles in the four-profile solution. This particularly means that
the remaining profile in the three-profile solution is split up into two separate profiles
in the four-profile solution. For both solutions, we then tried to construct a mapping
between our identified profiles and the profiles of secondary school students in physics
classes established by Seidel (2007). This way, we found that the four-profile solution
was clearly more in congruence with the profiles identified by Seidel (2007), in compari-
son to the three-profile solution (see the note of Figure S2 in the Supplemental Materials).
Thus, the four-profile solution was selected as the most optimal and considered for
further investigations.

The four-profile solution is presented in Figure 2. The vertical axis represents z-scores,
i.e. standard deviations above or below the sample mean, as all profile indicators were
standardised before conducting the LPA because corresponding instruments had not
the same scales (see Table 1). Therefore, profile-specific means of profile indicators
must always be interpreted relatively to the average characteristics of the entire study
sample (see also Table 1). By examining Figure 2, one recognises that all profile indicators
except for grit contributed to the appearance of substantively different profiles. All esti-
mated profile-specific means and variances (including standard errors) of this solution
are provided in Table S4 in the Supplemental Materials.

Profiles were labelled based on their relative affective characteristics (highly, averagely,
and least motivated) and on terminology of expertise research (experts vs. novices).

0.5
0 —e— Highly motivated experts (n =41)
% —— Averagely motivated experts (n = 55)
Q
a-05

—4—  Highly motivated novices (n = 41)

1+ —=— [ east motivated novices (n = 18)

| | | | |
PSAB GCAB INTE SEEF GRIT
profile indicators

Figure 2. Four-profile solution with profile-specific means of profile indicators on standardised scales
and corresponding 95% confidence intervals.

Note. PSAB = physics problem solving ability, GCAB = general cognitive abilities, INTE = physics interest, SEEF = physics
self-efficacy, GRIT = grit.
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Participants in the highly motivated expert profile (n = 41; 26.5%) show the highest cog-
nitive abilities and the strongest interest in physics compared to the other profiles. More-
over, they are characterised by above-average physics self-efficacy. Participants in the
averagely motivated expert profile (n = 55; 35.4%) show a similar pattern although slightly
lower on all profile indicators compared to the highly motivated expert profile, with the
exception of physics interest which is clearly below-average. While participants in the
highly motivated novice profile (n = 41; 26.5%) are characterised by below-average cogni-
tive abilities, they clearly show strong physics interest and physics self-efficacy. Finally,
the least motivated novice profile (n=18; 11.6%) is by far the smallest profile whereby
all indicator variable means (except for grit) are slightly or severely below-average.

Profile-specific physics competence and career aspirations (RQ2)

We wanted to understand how profile membership relates to participants’ physics
competence (indicated by performance in the Physics Olympiad) and physics career
aspirations. Results on these relationships in the form of profile-specific means and
pairwise equality tests are presented in Table 3. We found significant differences
across profiles regarding performance operationalised by students’ highest reached
round in the Olympiad (y*overan = 33.95, p <.001). There were no significant differ-
ences between the two expert profiles nor between the two novice profiles, however,
all pairwise equality tests between an expert profile and a novice profile revealed sig-
nificant differences. Overall, the highly motivated expert profile (M =2.07) and the
averagely motivated expert profile (M =1.74) performed best while the highly motiv-
ated novice profile (M =1.24) and the least motivated novice profile (M =1.38) per-
formed worst.

Students’ physics career aspirations also differed significantly across profiles
(X*overan = 63.64, p <.001). Specifically, all pairwise equality tests between profiles
revealed significant differences except for the comparison of the highly motivated
expert profile and the highly motivated novice profile. In total, we obtained the follow-
ing ranking: The highly motivated expert profile (M = 0.68) and the highly motivated
novice profile (M = 0.40) both displayed the highest physics career aspirations, fol-
lowed by the averagely motivated expert profile (M = —0.30) and the least motivated
novice profile (M = —1.16).

Table 3. Relationship between profile membership and participants’ performance in the Physics
Olympiad and their physics career aspirations.

Wald y-test

M sD 1. 2. 3.
Performance in the Physics Olympiad:
1. Highly motivated experts 2.07 0.13
2. Averagely motivated experts 1.74 0.10 3.64
3. Highly motivated novices 1.24 0.08 28.07*** 13.13%**
4. Least motivated novices 138 0.12 15.22%*% 4.75% 0.88
Physics career aspiration:
1. Highly motivated experts 0.68 0.10
2. Averagely motivated experts -0.30 0.14 20.28***
3. Highly motivated novices 0.40 0.14 229 11.52%%*
4. Least motivated novices -1.16 0.26 41.99%** 7.67** 25.88***

Notes: M = profile-specific means, SD = standard deviation; *p < .05, **p <.01, ***p <.001.
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Table 4. Results of the multinomial logistic regression for the effects of covariates on profile
membership.

Highly motivated Averagely motivated Highly motivated
experts experts novices

B SE OR B SE OR 8 SE OR

Reference profile: Averagely motivated experts

Grade level -0.07 0.29 0.93
Gender -0.10 0.54 0.90
Previous participation 0.35 052 1.42
Teacher support —0.08 0.26 0.93
Parental support -0.17 031 0.85
Reference profile: Highly motivated novices
Grade level 0.58* 030 1.78 0.65* 030 1.91
Gender —0.42 060 065 -032 055 0.73
Previous participation 1.39** 056 4.01 1.04* 0.54 283
Teacher support —0.10 029 091 -0.02 031 0.98
Parental support —0.30 031 074 -0.13 026 0.88
Reference profile: Least motivated novices
Grade level 0.22 043 1.24 029 044 134 -036 039 0.70
Gender -1.15 076 032 -104 075 035 -072 073 049
Previous participation 0.84 0.68 231 049 068 163 -055 067 058
Teacher support 0.70 0.40 2.02 078 042 218 0.80* 0.38 2.23
Parental support -0.71 042 049 -054 043 058 -041 039 0.66

Notes: B =regression coefficient, SE = standard error, OR = odds ratio; significance of regression coefficients: *p < .05,
**p <.01, ***p <.001.

Prediction of profile membership (RQ3)

To examine how selected covariates predict profile membership in order to determine
possible factors facilitating or hindering favourable transitions of participants between
profiles, we used a multinomial logistic regression, the results of which are shown in
Table 4. Students in higher grade levels were found significantly more likely to be in
the highly motivated expert profile or in the averagely motivated expert profile than in
the highly motivated novice profile (OR =1.78/1.91, resp.). Similarly, students that had
at least participated once in the Physics Olympiad were significantly more likely to be
in the highly motivated expert profile or in the averagely motivated expert profile than
in the highly motivated novice profile (OR =4.01/2.83, resp.). Moreover, we found that
students who reported higher teacher support were significantly more likely to be in
the highly motivated novice profile than in the least motivated novice profile (OR =
2.23). Lastly, even though not significant, respective odds ratios suggest female students
to be less likely in the highly motivated expert profile or in the averagely motivated expert
profile than in the least motivated novice profile (OR = 0.32/0.35, resp.) and less likely to
be in the highly motivated novice profile than in the least motivated novice profile (OR =
0.49).

Discussion

The purpose of this study was to develop a diverse, differentiated, and holistic picture of
the participants of the German Physics Olympiad as a prototypical science Olympiad. We
employed latent profile analysis as a person-centred approach to capture the interrelat-
edness of cognitive and affective characteristics of participants. We identified participant
profiles, examined the relationship between profile membership and students’
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performance and career aspirations, and determined factors facilitating or hindering
favourable transitions between profiles by predicting profile membership through
several covariates. In the following, we will discuss our results and their implications
for more individualised and targeted support activities within the Physics Olympiad in
particular and within Olympiad-type competitions in more general.

Identification of participant profiles (RQ1)

Our analyses revealed four participant profiles: (i) highly motivated experts, (ii) averagely
motivated experts, (iii) highly motivated novices, and (iv) least motivated novices.

Students in the highly motivated expert profile have excellent prerequisites for a
physics career as they are characterised by comparably positive cognitive and affective
characteristics. They particularly excel in problem solving which is considered an essen-
tial activity in science professions (Armour-Garb, 2017; Mulvey & Pold, 2020).

The averagely motivated expert profile is comparable to the highly motivated expert
profile, but students in the former are less interested in physics. This difference could
be attributed to the phenomenon of multipotentiality. Talented individuals often
exhibit multipotentiality, i.e. they possess considerably proficiency and interest in mul-
tiple domains (Rysiew et al., 1999). Specifically, more successful Physics Olympiad par-
ticipants were often found to be interested in multiple domains beyond physics (Lind &
Friege, 2001). The averagely motivated expert profile might therefore consist mainly of
multipotential students who — due to their scattered interests — may not have developed
an extraordinary high interest in physics compared to students in the highly motivated
expert profile.

Students in the highly motivated novice profile are characterised by comparably lower
cognitive abilities, strong physics interest, and high levels of physics self-efficacy. Student
profiles with conflicting information (i.e. some characteristics are highly developed while
others are less developed) such as this one are generally at risk of being perceived by edu-
cators as more homogeneous regarding their characteristics than they actually are
(Stidkamp et al., 2018). This issue might be particularly present in science Olympiads:
Given that participants are generally assumed to be more motivated to engage in
science compared to their peers, competition organisers and instructors are at risk of
overestimating those students’ cognitive abilities even though no relevant information
is available (Halo effect; see e.g. Nisbett & Wilson, 1977). Moreover, the combination
of high self-efficacy and comparably lower cognitive abilities puts these students at
risk of overestimating their abilities compared to other participants’ abilities. The big-
fish-little-pond effect (Marsh et al., 1995) may explain this disadvantageous combination
of characteristics: Students may belong to the top group in their physics classes and hence
have highly developed self-efficacy beliefs. However, when participating in the Physics
Olympiad or another science competition for the first time, these students’ abilities
might be comparatively below average. These students’ self-efficacy beliefs, however,
remain on a high level, resulting in an overestimation of individual abilities within the
competition. Failure in the competition might then have negative impacts such as a
decrease in the originally strong self-efficacy or interest. This hypothetical effect rep-
resents an important issue within science competitions and should be addressed
within future research.
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The least motivated novice profile consisted of relatively few students with both below-
average cognitive and affective characteristics. However, taking into account that Physics
Olympiad participants were on average strongly interested in physics and had on average
strong physics self-efficacy beliefs (see Table 1), it becomes clear that even the least motiv-
ated novice profile is actually averagely motivated in absolute terms (see unscaled means
in Table S4). This also better fits into the overall picture as one would not expect unmo-
tivated students to voluntarily participate in an out-of-school science activity.

We also examined grit as a profile indicator, however, it did not contribute to any
notable differences between profiles. An empirical reason for this might be the overall
low variance of grit in our sample (see Table 1). If there were profiles characterised by
clearly separable levels of grit, we would expect to observe notable variability in grit
scores within the total sample. This low variance of grit (in combination with its
above-average value) can be ascribed to the fact that our sample represents a self-selected
group from more privileged socio-economic backgrounds (Gorski, 2016; Kwon, 2018).
The majority of Physics Olympiad participants attended academic track (97%) which
can be considered an indicator for better socio-economic conditions (Dumont et al.,
2014). Overall, we argue that one possible explanation for grit playing no role in explain-
ing profile differences is that all students regardless of profile membership exhibit similar
levels of grit due to their collectively more privileged socio-economic backgrounds.

Overall, the four identified profiles align with the generally accepted understanding
that motivation (which includes interest and relates to self-efficacy) notably influences
the amount of time that people are willing to invest in their learning, i.e. in their expertise
development (Bransford et al., 2000). Both expert profiles exhibited at least well-devel-
oped interest and self-efficacy beliefs in absolute (unscaled) terms (see Table S4 in the
Supplemental Materials). In contrast, the two novice profiles differed greatly with
regards to their levels of interest and self-efficacy beliefs. Thus, our profile structure
underscores that motivational aspects (i.e. interest and self-efficacy) represent a necessary
but not sufficient condition for the development of expertise.

Profile-specific physics competence and career aspirations (RQ2)

We used performance in the Physics Olympiad, operationalised by participants’ highest
reached competition round, as an indicator for physics competence. First, we can con-
clude that participants’ level of expertise seems to be decisive for performance in the
Physics Olympiad, as both expert profiles (characterised by higher cognitive abilities)
outperformed both novice profiles (characterised by lower cognitive abilities). Second,
we can conclude that a lack of cognitive abilities cannot be compensated for by high
levels of interest or self-efficacy when it comes to performance in the Physics Olympiad.
This becomes apparent when comparing the two novice profiles, both of which exhibited
below-average cognitive abilities. Even though the highly motivated novice profile
demonstrated notably greater physics interest and self-efficacy than the least motivated
novice profile, there was no significant difference in their performance. Thus, it seems
that physics interest and self-efficacy do not directly influence performance in the
Physics Olympiad. Moreover, when participants have already attained a high level of
expertise in physics, which goes alongside substantial physics interest, further increases
in interest do not relate with improved performance. This becomes evident when
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comparing the performances of both expert profiles, which primarily differ in their
physics interest, but not in their performance in the Physics Olympiad. In summary,
we argue that participants’ cognitive characteristics predominantly influence their per-
formance in the Physics Olympiad. Moreover, although the affective characteristics
physics interest and physics self-efficacy may not have a direct impact on performance,
they serve as prerequisites for the development of expertise among novices and are thus
crucial for future performance.

Findings with regard to profile-specific physics career aspiration indicate that the
examined affective characteristics (except for grit) are of high importance while cognitive
characteristics seem to play a negligible role. This is in line with previous research that
found both interest and self-efficacy positively related to career aspiration (e.g. Nugent
et al., 2015). However, self-efficacy beliefs relate to cognitive characteristics as they rep-
resent individuals’ beliefs about their own abilities. For example, a student belonging to
the highly motivated novice profile will typically be characterised by relatively low cogni-
tive abilities, strong physics interest, high self-efficacy, and also a high physics career
aspiration. Engaging in a physics career, this student may be at disadvantage due to poss-
ible overestimation of one’s own abilities compared to what is expected when studying
physics. Hence, the Physics Olympiad should aim to assist these participants in
gaining valuable insights into their current strengths and weaknesses. In particular,
this would benefit students belonging to the highly motivated novice profile who contem-
plate engaging in a science career, as it would make them aware of the need to develop
their (domain-specific) cognitive abilities. Ideally, the Physics Olympiad should include
support activities that focus on developing such abilities.

Prediction of profile membership (RQ3)

We examined how selected covariates predict profile membership in order to determine
possible factors facilitating or hindering favourable transitions of participants between
profiles. Students in higher grade levels or students who participated in the Physics
Olympiad before were significantly more likely found to be in one of the expert
profiles than in the highly motivated novice profile, which coincides with the fact that
expertise develops over time (e.g. Ericsson et al., 1993). Specifically, participation in
science Olympiads seems to offer beneficial opportunities for deliberate practise which
potentially leads to the development of expertise.

Among students in the novice profiles, those who reported greater perceived support
from their teachers were more likely to be classified in the highly motivated novice
profile than in the least motivated novice profile. This finding is in accordance with
prior literature that highlights the crucial role of teachers, and educators in general,
in arousing and reinforcing students’ motivation within a specific domain (e.g.
Wentzel et al., 2010). Teachers typically encourage students to participate in science
competitions (Abernathy & Vineyard, 2001). As a result, they often serve as the
initial resource students turn to when seeking support. Accordingly, teachers play a
crucial role in students’ development of science competence and career aspirations.
Overall, we argue that teachers should be aware of the role they play in motivating
novice students, not only within the realm of science competitions but in the
broader context of general education.
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The finding that female participants were more likely to be classified in the least motiv-
ated novice profile than in any other profile highlights existing gender differences in
science competitions (see Steegh et al., 2019). However, a study by Ladewig et al.
(2022) suggests that the German Physics Olympiad is equally supportive for female
and male participants, i.e. female participants were neither found to be susceptible to
stereotype threat nor to social identity threat. In fact, previous research indicates that
female students generally have lower science knowledge, lower science self-efficacy,
and lower science interest (Leslie et al., 2015; Osborne et al., 2003; Seidel, 2007). This
might directly transfer to the competition environment which is why it represents a
greater systemic problem that requires further research and actions in the right direction.

Implications for more targeted and individualised support in science
competitions

In view of our findings and the goal of science competitions to support participating stu-
dents in their development of science competence and career aspiration, students should
be ideally manoeuvred towards the highly motivated expert profile. This manoeuvring of
science competition participants towards the highly motivated expert profile can be
realised through individualised and targeted support activities (within and beyond the
competition) based on students’ current profile membership.

Efforts should be made that students currently in the highly motivated expert profile
should remain in this profile, particularly as Kubsch et al. (2022) found their most motiv-
ated profile to be the most unstable. Overall, more research is needed on how to keep
students in this profile. Nevertheless, we suggest offering support activities which try
to further increase these students’ already high motivation and to even further develop
these students’ already high physics-specific abilities. To maintain or to even increase
their motivation, one could offer internships at research institutes or within physics-
related companies. This hands-on experience would allow students to grapple with
meaningful research-oriented physics challenges and practical real-world applications
of the subject. Moreover, students could get connected to professionals in the field
who can serve as valuable role models or mentors, guiding and inspiring the students
(Pleiss & Feldhusen, 1995). To further increase these students™ already high physics-
specific abilities, it is essential to expose them to more complex scientific concepts or
applications. This exposure can occur during internships, providing an immersive learn-
ing environment. Another opportunity are dual enrolment programmes where students
simultaneously participate in college or university courses while maintaining their
regular attendance at school (An & Taylor, 2019).

We hypothesised that the averagely motivated expert profile might primarily consist of
multipotential students who are proficient and interested in multiple domains, which is
often accompanied by difficulties in career decision-making (Greene, 2006; Sajjadi et al.,
2001). Therefore, authentic and realistic insights into the profession of a physicist should
be offered as support activities for this group of students within competition settings. For
example, lab tours, excursions to research institutes, or physics-related internships may
offer authentic and realistic insights (Vela et al., 2020). Similarly, the usage of scientific
video vignettes may promote their perception of authentic science (Stamer et al.,
2019) to at least facilitate career decision-making.
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Students in the highly motivated novice profile may be manoeuvred towards the highly
motivated expert profile by fostering their physics problem solving abilities and their
general cognitive abilities through additional support activities and materials. As partici-
pants in this profile are generally less successful in the competition, they seldom move
beyond the first competition round which takes place as home work. To address this, cor-
responding support activities should be designed with consideration for both online and
in-school formats. To increase students’ problem solving abilities, online materials
involving automatic feedback systems could be provided that focus on the problem
solving process (e.g. Selguk & Calyskan, 2008) and involved problem-solving strategies
(e.g. Larkin & Reif, 1979).

We argue that students in the least motivated novice profile benefit the most from
support activities that address affective instead of cognitive characteristics as expertise
cannot be acquired instantaneously but develops over time (e.g. Ericsson et al., 1993).
Consequently, students would benefit more from activities that initially manoeuvre stu-
dents towards the highly motivated novice profile. This includes raising students’ physics
interest which may positively influence their long-term engagement with physics. This,
in turn, may positively influence the development of physics expertise (e.g. Feldon et al,,
2019) and can be achieved, for example, through interesting and demanding but feasible
competition tasks. As female students were found overly represented in this profile,
additional activities that support female students’ physics engagement could be
offered (e.g. Wulff et al., 2018). This includes, for example, matching tasks’ topics to
female students’ interests (e.g. Haussler & Hoffmann, 2002), actively practicing
gender awareness in the competition (e.g. CohenMiller et al, 2020), and involving
parents to create support for female participants (e.g. Steegh et al., 2021a). Moreover,
students’ self-efficacy beliefs could be improved in accordance to a growth mindset
(Yeager et al, 2019) by employing elements of a growth mindset intervention (e.g.
Esparza et al., 2014). However, these measures to promote students’ interest and self-
efficacy beliefs should also be incorporated into regular school instruction as teachers
play an important role in shaping their students’ interests and self-efficacy beliefs
(e.g. Wentzel et al., 2010).

Having discussed what more individualised and targeted support for science compe-
tition participants can look like, the fundamental question on how to recognise which
student belongs to which profile still remains. An easy answer would involve having stu-
dents assign themselves to available support activities. However, due to biased self-per-
ceptions (e.g. overestimation of abilities), suboptimal self-assignment to support
activities may occur. Therefore, we propose using a minimalistic assessment of relevant
student characteristics at the start of science competitions which provides guidance to
students on which support activities to attend. Our findings suggest this assessment to
include a short test (e.g. multiple-choice) assessing central facets of domain-specific cog-
nitive abilities as well as key items assessing students’ domain interest and domain-
specific self-efficacy.

Limitations and future directions

First, a considerable number of assessed variables in our study are self-reported
and therefore susceptible to participants’ personal convictions which is why our
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results may be biased to some extent. Future research should aspire a more objec-
tive assessment of relevant variables, e.g. assessing parental and teacher support
by asking participants how often they receive support and what kind of
support. Specifically, it would be interesting to understand whether students
actively sought support on their own or whether parents or teachers directly
offered support. Second, our data was generally cross-sectional which strongly
limits our ability to make causal inferences. Future research would benefit from
longitudinal assessments enabling researchers to explore the directionality of
relations between profile membership, covariates, and outcomes. Moreover, such
longitudinal assessments would allow for the direct examination of the stability
of profiles as well as transitions of students between profiles over time. This
would provide valuable insights on whether science competitions can initiate
favourable transitions of students between profiles over time. Third, our
findings are based on one specific science competition. We consider the
German Physics Olympiad as a typical Olympiad-type competition characterised
by a task-centred nature. It needs to be confirmed to what extent our results
extend to other competition formats, such as project-centred competitions. A
similar characterisation of participants in a project-based competition, akin to
our study’s characterisation, would allow for a comparison of participants, provid-
ing valuable insights into which competition type (task-centred versus project-
centred) is more suitable for a particular student based on this student’s individ-
ual characteristics.

Conclusion

Our finding indicate that Physics Olympiad participants, who are typically assumed to be
a homogeneous group, seem to be conversely a rather heterogeneous group as shown
through the occurrence of four different participant profiles. Participants would therefore
clearly benefit from more profile-specific support activities within science competitions.
In this regard, the applied person-centred approach proved its potential as its results
directly translated to profile-specific needs of participants based on which more indivi-
dualised and targeted support activities were proposed.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding
This work was supported by the Leibniz Association, Germany under Grant K194/2015.

Ethical approval

The data used in this study was collected within the WinnerS project. Participation was
voluntary and all ethics requirements for human subjects’ research were met as testified
by the ethics committee of the IPN under the approval number 2022_13_HO.



INTERNATIONAL JOURNAL OF SCIENCE EDUCATION 1777

Language editing

In the process of refining the manuscript, language editing was conducted with the assist-
ance of ChatGPT, a language model developed by OpenAl. ChatGPT was employed to
enhance the clarity, coherence, and style of the text while maintaining the integrity of
the original content.

ORCID

Paul Tschisgale (© http://orcid.org/0000-0001-6763-2457
Anneke Steegh (© http://orcid.org/0000-0002-0988-5031

Marcus Kubsch (© http://orcid.org/0000-0001-5497-8336
Stefan Petersen (© http://orcid.org/0000-0003-0220-5758
Knut Neumann (© http://orcid.org/0000-0002-4391-7308

References

Abernathy, T. V., & Vineyard, R. N. (2001). Academic competitions in science: What are the
rewards for students? The Clearing House: A Journal of Educational Strategies, Issues and
Ideas, 74(5), 269-276. https://doi.org/10.1080/00098650109599206

An, B. P., & Taylor, J. L. (2019). A review of empirical studies on dual enrollment: Assessing edu-
cational outcomes. In M. B. Paulsen & L. W. Perna (Eds.), Higher education: Handbook of theory
and research (Vol. 34, pp. 99-151). Springer International Publishing.

Armour-Garb, A. (2017). Bridging the STEM skills gap: Employer/educator collaboration in
New York. The Public Policy Institute of New York State, Inc.

Balta, N., & Asikainen, M. A. (2019). A comparison of Olympians’ and regular students’
approaches and successes in solving counterintuitive dynamics problems. International
Journal of Science Education, 41(12), 1644-1666. https://doi.org/10.1080/09500693.2019.
1624990

Bandura, A. (1997). Self-efficacy: The exercise of control. W. H. Freeman.

Bransford, J. D., Brown, A. L., & Cocking, R. R. (2000). How people learn (Vol. 11). National
Academy Press.

Campbell, J. R. (1996). Early identification of mathematics talent has long-term positive conse-
quences for career contributions. International Journal of Educational Research, 25(6), 497-
522. https://doi.org/10.1016/S0883-0355(97)86728-6

Campbell, J. R., & Feng, A. X. (2010). Comparing adult productivity of American mathematics,
chemistry, and physics Olympians with Terman’s longitudinal study. Roeper Review, 33(1),
18-25. https://doi.org/10.1080/02783193.2011.530203

Campbell, J. R., Wagner, H., & Walberg, H. J. (2000). Academic competitions and programs
designed to challenge the exceptionally talented. In K. A. Heller, F. J. Monks, R. Subotnik, &
R. Sternberg (Eds.), International handbook of giftedness and talent (2nd ed., pp. 523-535).
Elsevier.

Celeux, G., & Soromenho, G. (1996). An entropy criterion for assessing the number of clusters in a
mixture model. Journal of Classification, 13(2), 195-212. https://doi.org/10.1007/BF01246098

Chomsky, N. (1965). Aspects of the theory of syntax. M.LT. Press.

Clark, S. L., & Muthén, B. (2009). Relating latent class analysis results to variables not included in
the analysis.

CohenMiller, A. S., Koo, S., Collins, N., & Lewis, J. L. (2020). EXPOsing gender in science: A visual
analysis with lessons for gender awareness and science diplomacy. Gender, Technology and
Development, 24(2), 215-235. https://doi.org/10.1080/09718524.2019.1695519

Daniels, Z. (2008). Entwicklung schulischer Interessen im Jugendalter [Development of school
interests in adolescence]. Waxmann.


http://orcid.org/0000-0001-6763-2457
http://orcid.org/0000-0002-0988-5031
http://orcid.org/0000-0001-5497-8336
http://orcid.org/0000-0003-0220-5758
http://orcid.org/0000-0002-4391-7308
https://doi.org/10.1080/00098650109599206
https://doi.org/10.1080/09500693.2019.1624990
https://doi.org/10.1080/09500693.2019.1624990
https://doi.org/10.1016/S0883-0355(97)86728-6
https://doi.org/10.1080/02783193.2011.530203
https://doi.org/10.1007/BF01246098
https://doi.org/10.1080/09718524.2019.1695519

1778 P.TSCHISGALE ET AL.

Deary, 1. J., Strand, S., Smith, P., & Fernandes, C. (2007). Intelligence and educational achieve-
ment. Intelligence, 35(1), 13-21. https://doi.org/10.1016/j.intell.2006.02.001

Deutschland, P.-K. (Eds). (2006). PISA 2003: Dokumentation der Erhebungsinstrumente [PISA
2003 - Documentation of survey instruments]. Waxmann.

Duckworth, A. L., Peterson, C., Matthews, M. D., & Kelly, D. R. (2007). Grit: Perseverance and
passion for long-term goals. Journal of Personality and Social Psychology, 92(6), 1087-1101.
https://doi.org/10.1037/0022-3514.92.6.1087

Dumont, H., Maaz, K., Neumann, M., & Becker, M. (2014). Soziale Ungleichheiten beim Ubergang
von der Grundschule in die Sekundarstufe I: Theorie, Forschungsstand, Interventions- und
Forderméglichkeiten [Social inequalities in the transition from primary to secondary school:
Theory, state of research, intervention and support options]. Zeitschrift fiir
Erziehungswissenschaft, 17(S2), 141-165. https://doi.org/10.1007/s11618-013-0466-1

Eccles, J. S. (2011). Gendered educational and occupational choices: Applying the Eccles et al.
model of achievement-related choices. International Journal of Behavioral Development, 35
(3), 195-201. https://doi.org/10.1177/0165025411398185

Ericsson, K. A., Krampe, R. T., & Tesch-Romer, C. (1993). The role of deliberate practice in the
acquisition of expert performance. Psychological Review, 100(3), 363-406. https://doi.org/10.
1037/0033-295X.100.3.363

Esparza, J., Shumow, L., & Schmidt, J. A. (2014). Growth mindset of gifted seventh grade students
in science. NCSSSMST Journal, 19(1), 6-13.

Feldon, D. F,, Jeong, S., & Franco, J. (2019). Expertise in STEM disciplines. In P. Ward, J. Maarten
Schraagen, J. Gore, & E. M. Roth (Eds.), The Oxford handbook of expertise (pp. 529-550).
Oxford University Press.

Forrester, J. H. (2010). Competitive science events: Gender, interest, science self-efficacy, and aca-
demic major choice [Doctoral dissertation]. http://adsabs.harvard.edu/abs/2010PhDT ...
....108F.

Garrecht, C., Steegh, A., & Schiering, D. (2023). “We are sorry to inform you ... >—The effects of
early elimination on science competition participants’ career aspirations. Journal of Research in
Science Teaching, tea.21901. https://doi.org/10.1002/tea.21901

Gorski, P. C. (2016). Poverty and the ideological imperative: A call to unhook from deficit and grit
ideology and to strive for structural ideology in teacher education. Journal of Education for
Teaching, 42(4), 378-386. https://doi.org/10.1080/02607476.2016.1215546

Greene, M. J. (2006). Helping build lives: Career and life development of gifted and talented stu-
dents. Professional School Counseling, 10(1_suppl), 2156759X0601001. https://doi.org/10.1177/
2156759X0601001505

Haiussler, P., & Hoffmann, L. (2002). An intervention study to enhance girls’ interest, self-concept,
and achievement in physics classes. Journal of Research in Science Teaching, 39(9), 870-888.
https://doi.org/10.1002/tea.10048

Heller, K. A., & Perleth, C. (2007). MHBT-S - Miinchner Hochbegabungstestbatterie fiir die
Sekundarstufe [Measurement instrument; MHBT-S - Munich high ability test battery for sec-
ondary schools]. Hogrefe.

Hipp, J. R., & Bauer, D. J. (2006). Local solutions in the estimation of growth mixture models.
Psychological Methods, 11(1), 36-53. https://doi.org/10.1037/1082-989X.11.1.36

Hoffler, T. N., Kohler, C., & Parchmann, I. (2019). Scientists of the future: An analysis of talented
students’ interests. International Journal of STEM Education, 6(1), 29. https://doi.org/10.1186/
540594-019-0184-1

Jaworski, B. A. (2013). The effects of science fairs on students’ knowledge of scientific inquiry and
interest in science [MS thesis, Montana State University]. https://scholarworks.montana.edu/
xmlui/handle/1/2795.

Koéhler, C. (2017). Naturwissenschaftliche Wettbewerbe fiir Schiilerinnen und Schiiler -
Charakterisierung  der  Anforderungen und Teilnehmenden hinsichtlich  spezifischer
Leistungsmerkmale [Student science competitions - Characterization of requirements and part-
cipants with regard to specific performance characteristics] [Doctoral dissertation, University of
Kiel]. https://macau.uni-kiel.de/receive/diss_mods_00020955.


https://doi.org/10.1016/j.intell.2006.02.001
https://doi.org/10.1037/0022-3514.92.6.1087
https://doi.org/10.1007/s11618-013-0466-1
https://doi.org/10.1177/0165025411398185
https://doi.org/10.1037/0033-295X.100.3.363
https://doi.org/10.1037/0033-295X.100.3.363
http://adsabs.harvard.edu/abs/2010PhDT&hellip;&hellip;.108F
http://adsabs.harvard.edu/abs/2010PhDT&hellip;&hellip;.108F
https://doi.org/10.1002/tea.21901
https://doi.org/10.1080/02607476.2016.1215546
https://doi.org/10.1177/2156759X0601001S05
https://doi.org/10.1177/2156759X0601001S05
https://doi.org/10.1002/tea.10048
https://doi.org/10.1037/1082-989X.11.1.36
https://doi.org/10.1186/s40594-019-0184-1
https://doi.org/10.1186/s40594-019-0184-1
https://scholarworks.montana.edu/xmlui/handle/1/2795
https://scholarworks.montana.edu/xmlui/handle/1/2795
https://macau.uni-kiel.de/receive/diss_mods_00020955

INTERNATIONAL JOURNAL OF SCIENCE EDUCATION 1779

Kubsch, M., Fortus, D., Neumann, K., Nordine, J., & Krajcik, J. (2022). The interplay between stu-
dents’ motivational profiles and science learning. Journal of Research in Science Teaching, 60(1),
3-25. https://doi.org/10.1002/tea.21789

Kwon, H. W. (2018). The sociology of grit: Cross-cultural approaches to social stratification
[Doctoral dissertation]. University of Iowa.

Ladewig, A., Kéller, O., & Neumann, K. (2022). Stereotypes in the German physics Olympiad -
Hurdle or no harm at all? Frontiers in Education, 7, 957716. https://doi.org/10.3389/feduc.
2022.957716

Landis, J. R., & Koch, G. G. (1977). The measurement of observer agreement for categorical data.
Biometrics, 33(1), 159. https://doi.org/10.2307/2529310

Larkin, J. H., & Reif, F. (1979). Understanding and teaching problem-solving in physics. European
Journal of Science Education, 1(2), 191-203. https://doi.org/10.1080/0140528790010208

Laursen, B., & Hoff, E. (2006). Person-centered and variable-centered approaches to longitudinal
data. Merrill-Palmer Quarterly, 52(3), 377-389. https://doi.org/10.1353/mpq.2006.0029

Leslie, S.-J., Cimpian, A., Meyer, M., & Freeland, E. (2015). Expectations of brilliance underlie
gender distributions across academic disciplines. Science, 347(6219), 262-265. https://doi.org/
10.1126/science.1261375

Lind, G., & Friege, G. (2001). What characterizes participants at the Olympiad besides their
physics problem solving abilities? Some results from a retrospective survey among former
German Physics Olympiad participants. Physics Competitions, 3(2), 7-15.

Lind, G., & Friege, G. (2004). Results of a questionnaire amongst participants in former
International Physics Olympiads. Physics Competitions, 6(1), 81-89.

Lo, Y., Mendell, N. R., & Rubin, D. B. (2001). Testing the number of components in a normal
mixture. Biometrika, 88(3), 767-778. https://doi.org/10.1093/biomet/88.3.767

Marsh, H. W., Chessor, D., Craven, R., & Roche, L. (1995). The effects of gifted and talented pro-
grams on academic self-concept: The big fish strikes again. American Educational Research
Journal, 32(2), 285-319. https://doi.org/10.3102/00028312032002285

Marsh, H. W., & Martin, A. J. (2011). Academic self-concept and academic achievement: Relations
and causal ordering. British Journal of Educational Psychology, 81(1), 59-77. https://doi.org/10.
1348/000709910X503501

McLachlan, G.J., Lee, S. X., & Rathnayake, S. I. (2019). Finite mixture models. Annual Review of
Statistics and Its Application, 6(1), 355-378. https://doi.org/10.1146/annurev-statistics-031017-
100325

Mulvey, P., & Pold, J. (2020). Physics doctorates: Skills used and satisfaction with employment.
American Institute of Physics.

Muthén, L. K., & Muthén, B. O. (2017). Mplus user’s guide (8th ed). Muthén & Muthén.

Nisbett, R. E., & Wilson, T. D. (1977). The halo effect: Evidence for unconscious alteration of judg-
ments. Journal of Personality and Social Psychology, 35(4), 250-256. https://doi.org/10.1037/
0022-3514.35.4.250

Nokelainen, P., Tirri, K., & Campbell, J. R. (2004). Cross-cultural predictors of mathematical talent
and academic productivity. High Ability Studies, 15(2), 229-242. https://doi.org/10.1080/
1359813042000314790

Nugent, G., Barker, B., Welch, G., Grandgenett, N., Wu, C., & Nelson, C. (2015). A model of
factors contributing to STEM learning and career orientation. International Journal of
Science Education, 37(7), 1067-1088. https://doi.org/10.1080/09500693.2015.1017863

Osborne, J., Simon, S., & Collins, S. (2003). Attitudes towards science: A review of the literature
and its implications. International Journal of Science Education, 25(9), 1049-1079. https://doi.
0rg/10.1080/0950069032000032199

Petersen, S., Blankenburg, J. S., & Hoffler, T. N. (2017). Challenging gifted students in science—
The German Science Olympiads. In K. S. Taber, M. Sumida, & L. McClure (Eds.), Teaching
gifted learners in STEM subjects: Developing talent in science, technology, engineering and math-
ematics (pp. 157-170). Taylor & Francis.

Petersen, S., & Wulff, P. (2017). The German physics Olympiad—Identifying and inspiring talents.
European Journal of Physics, 38(3), 1-16. https://doi.org/10.1088/1361-6404/aa538f


https://doi.org/10.1002/tea.21789
https://doi.org/10.3389/feduc.2022.957716
https://doi.org/10.3389/feduc.2022.957716
https://doi.org/10.2307/2529310
https://doi.org/10.1080/0140528790010208
https://doi.org/10.1353/mpq.2006.0029
https://doi.org/10.1126/science.1261375
https://doi.org/10.1126/science.1261375
https://doi.org/10.1093/biomet/88.3.767
https://doi.org/10.3102/00028312032002285
https://doi.org/10.1348/000709910X503501
https://doi.org/10.1348/000709910X503501
https://doi.org/10.1146/annurev-statistics-031017-100325
https://doi.org/10.1146/annurev-statistics-031017-100325
https://doi.org/10.1037/0022-3514.35.4.250
https://doi.org/10.1037/0022-3514.35.4.250
https://doi.org/10.1080/1359813042000314790
https://doi.org/10.1080/1359813042000314790
https://doi.org/10.1080/09500693.2015.1017863
https://doi.org/10.1080/0950069032000032199
https://doi.org/10.1080/0950069032000032199
https://doi.org/10.1088/1361-6404/aa538f

1780 P.TSCHISGALE ET AL.

Pleiss, M. K., & Feldhusen, J. F. (1995). Mentors, role models, and heroes in the lives of gifted chil-
dren. Educational Psychologist, 30(3), 159-169. https://doi.org/10.1207/s15326985ep3003_6
Renninger, K. A., & Hidi, S. (2011). Revisiting the conceptualization, measurement, and gener-
ation of interest. Educational Psychologist, 46(3), 168-184. https://doi.org/10.1080/00461520.

2011.587723

Rysiew, K. J., Shore, B. M., & Leeb, R. T. (1999). Multipotentiality, giftedness, and career choice: A
review. Journal of Counseling ¢ Development, 77(4), 423-430. https://doi.org/10.1002/j.1556-
6676.1999.tb02469.x

Sajjadi, S. H., Rejskind, F. G., & Shore, B. M. (2001). Is multipotentiality a problem or not? A new
look at the data. High Ability Studies, 12(1), 27-43. https://doi.org/10.1080/13598130124556

Seidel, T. (2007). The role of student characteristics in studying micro teaching-learning
environments. Learning Environments Research, 9(3), 253-271. https://doi.org/10.1007/
$10984-006-9012-x

Selcuk, G. S., & Calyskan, S. (2008). The effects of problem solving instruction on physics achieve-
ment, problem solving performance and strategy use. Latin-American Journal of Physics
Education, 2(3), 151-166.

Smale-Jacobse, A. E., Meijer, A., Helms-Lorenz, M., & Maulana, R. (2019). Differentiated instruc-
tion in secondary education: A systematic review of research evidence. Frontiers in Psychology,
10, 2366. https://doi.org/10.3389/fpsyg.2019.02366

Spurk, D., Hirschi, A., Wang, M., Valero, D., & Kauffeld, S. (2020). Latent profile analysis: A review
and “how to” guide of its application within vocational behavior research. Journal of Vocational
Behavior, 120, 103445. https://doi.org/10.1016/j.jvb.2020.103445

Stake, J. E., & Mares, K. R. (2001). Science enrichment programs for gifted high school girls and
boys: Predictors of program impact on science confidence and motivation. Journal of Research
in Science Teaching, 38(10), 1065-1088. https://doi.org/10.1002/tea.10001

Stamer, I., Ponicke, H., Tirre, F., Laherto, A., Hoffler, T., Schwarzer, S., & Parchmann, L. (2019).
Development & validation of scientific video vignettes to promote perception of authentic
science in student laboratories. Research in Science & Technological Education, 38(2), 168—
184. https://doi.org/10.1080/02635143.2019.1600491

Stang, J., Urhahne, D., Nick, S., & Parchmann, I. (2014). Wer kommt weiter? Vorhersage der
Qualifikation zur Internationalen Biologie- und Chemie-Olympiade auf Grundlage des
Leistungsmotivations-Modells von Eccles [Who will advance? Predicting qualification for the
International Biology and Chemistry Olympiads based on Eccles’ model of achievement motiv-
ation]. Zeitschrift Fiir Piddagogische Psychologie, 28(3), 105-114. https://doi.org/10.1024/1010-
0652/a000127

Steegh, A., Hoffler, T., Hoft, L., & Parchmann, I. (2021a). Exploring science competition partici-
pants’ expectancy-value perceptions and identification: A latent profile analysis. Learning and
Instruction, 74. https://doi.org/10.1016/j.learninstruc.2021.101455

Steegh, A., Hoffler, T., Hoft, L., & Parchmann, I. (2021b). First steps toward gender equity in the
chemistry Olympiad: Understanding the role of implicit gender-science stereotypes. Journal of
Research in Science Teaching, 58(1), 40-68. https://doi.org/10.1002/tea.21645

Steegh, A., Hoffler, T. N., Keller, M. M., & Parchmann, I. (2019). Gender differences in mathemat-
ics and science competitions: A systematic review. Journal of Research in Science Teaching, 56
(10), 1431-1460. https://doi.org/10.1002/tea.21580

Stidkamp, A., Praetorius, A.-K., & Spinath, B. (2018). Teachers’ judgment accuracy concerning
consistent and inconsistent student profiles. Teaching and Teacher Education, 76, 204-213.
https://doi.org/10.1016/j.tate.2017.09.016

Teig, N., Scherer, R., & Kjeernsli, M. (2020). Identifying patterns of students’ performance on
simulated inquiry tasks using PISA 2015 log-file data. Journal of Research in Science
Teaching, 57(9), 1400-1429. https://doi.org/10.1002/tea.21657

Urhahne, D., Ho, L. H., Parchmann, I., & Nick, S. (2012). Attempting to predict success in the qua-
lifying round of the International Chemistry Olympiad. High Ability Studies, 23(2), 167-182.
https://doi.org/10.1080/13598139.2012.738324


https://doi.org/10.1207/s15326985ep3003_6
https://doi.org/10.1080/00461520.2011.587723
https://doi.org/10.1080/00461520.2011.587723
https://doi.org/10.1002/j.1556-6676.1999.tb02469.x
https://doi.org/10.1002/j.1556-6676.1999.tb02469.x
https://doi.org/10.1080/13598130124556
https://doi.org/10.1007/s10984-006-9012-x
https://doi.org/10.1007/s10984-006-9012-x
https://doi.org/10.3389/fpsyg.2019.02366
https://doi.org/10.1016/j.jvb.2020.103445
https://doi.org/10.1002/tea.10001
https://doi.org/10.1080/02635143.2019.1600491
https://doi.org/10.1024/1010-0652/a000127
https://doi.org/10.1024/1010-0652/a000127
https://doi.org/10.1016/j.learninstruc.2021.101455
https://doi.org/10.1002/tea.21645
https://doi.org/10.1002/tea.21580
https://doi.org/10.1016/j.tate.2017.09.016
https://doi.org/10.1002/tea.21657
https://doi.org/10.1080/13598139.2012.738324

INTERNATIONAL JOURNAL OF SCIENCE EDUCATION 1781

U.S. Department of Education. (2013). For each and every child—A strategy for education, equity
and excellence.

Vela, K. N,, Pedersen, R. M., & Baucum, M. N. (2020). Improving perceptions of STEM careers
through informal learning environments. Journal of Research in Innovative Teaching &
Learning, 13(1), 103-113. https://doi.org/10.1108/JRIT-12-2019-0078

Warrens, M. J. (2012). Cohen’s linearly weighted kappa is a weighted average. Advances in Data
Analysis and Classification, 6(1), 67-79. https://doi.org/10.1007/s11634-011-0094-7

Weller, B. E., Bowen, N. K., & Faubert, S. J. (2020). Latent class analysis: A guide to best
practice. Journal of Black Psychology, 46(4), 287-311. https://doi.org/10.1177/00957984
20930932

Wentzel, K. R., Battle, A., Russell, S. L., & Looney, L. B. (2010). Social supports from teachers and
peers as predictors of academic and social motivation. Contemporary Educational Psychology, 35
(3), 193-202. https://doi.org/10.1016/j.cedpsych.2010.03.002

Wulff, P., Hazari, Z., Petersen, S., & Neumann, K. (2018). Engaging young women in physics: An
intervention to support young women’s physics identity development. Physical Review Physics
Education Research, 14(2), 020113. https://doi.org/10.1103/PhysRevPhysEducRes.14.020113

Wulft, P., Tschisgale, P., & Petersen, S. (2023). Physics problem solving test and coding rubric
[Measurement instrument]. https://doi.org/10.17605/OSF.I0/GSMVR

Yeager, D. S., Hanselman, P., Walton, G. M., Murray, J. S., Crosnoe, R., Muller, C., Tipton, E.,
Schneider, B., Hulleman, C. S., Hinojosa, C. P., Paunesku, D., Romero, C., Flint, K., Roberts,
A, Trott, J., Iachan, R., Buontempo, J., Yang, S. M., Carvalho, C. M., ... Dweck, C. S. (2019).
A national experiment reveals where a growth mindset improves achievement. Nature, 573
(7774), 364-369. https://doi.org/10.1038/s41586-019-1466-y


https://doi.org/10.1108/JRIT-12-2019-0078
https://doi.org/10.1007/s11634-011-0094-7
https://doi.org/10.1177/0095798420930932
https://doi.org/10.1177/0095798420930932
https://doi.org/10.1016/j.cedpsych.2010.03.002
https://doi.org/10.1103/PhysRevPhysEducRes.14.020113
https://doi.org/10.17605/OSF.IO/GSMVR
https://doi.org/10.1038/s41586-019-1466-y

	Abstract
	Introduction
	Theoretical background
	Formats of science competitions
	The German Physics Olympiad as a science Olympiad
	Theoretical framework and relevant constructs
	Literature review on characteristics of science Olympiad participants
	A holistic approach
	The present study

	Methods
	Participants
	Instruments
	Statistical analyses

	Results
	Descriptive statistics
	Identification of participant profiles (RQ1)
	Profile-specific physics competence and career aspirations (RQ2)
	Prediction of profile membership (RQ3)

	Discussion
	Identification of participant profiles (RQ1)
	Profile-specific physics competence and career aspirations (RQ2)
	Prediction of profile membership (RQ3)
	Implications for more targeted and individualised support in science competitions
	Limitations and future directions

	Conclusion
	Disclosure statement
	Ethical approval
	Language editing
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


