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Abstract

International student mobility plays a critical role in shaping future research careers, particularly in highly globalized
fields such as astrophysics. The Leiden/ESA Astrophysics Program for Summer Students (LEAPS) offers a 10-week, fully
funded research program at Leiden Observatory and the European Space Agency's ESTEC centre for undergraduate
and master’s students. Designed to foster early research involvement, LEAPS supports students from diverse academic
and cultural backgrounds. Since its inception in 2013, LEAPS has hosted 194 students from over 40 countries. Data
collected for 165 participants reveal that over 50% have progressed to Ph.D. studies, with some members of earlier
cohorts already securing competitive international fellowships in astronomy. LEAPS participants have collectively
contributed to at least 25 peer-reviewed publications and 13 international conference presentations. LEAPS has
contributed successfully in preparing undergraduates for research careers in astrophysics through hands-on
experience, mentorship, and scientific exposure. By addressing barriers related to financial means and promoting
diversity, the program not only enhances individual career trajectories but also contributes to the broader goal of
inclusive academic mobility. Continued efforts are needed to further increase global representation and assess
long-term impacts on participants’ scientific careers.
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1 Introduction 12 such as commitment, willingness to work hard, and adaptability
15 (Jacob et al,, 2019). Van Mol (2017) showed that certain em-

1. ployers regard mobile students with international experience as
Research shows that a primary motivation for students to under- equipped with decision-making competence, for instance.
take education abroad is to improve their career prospects (e.g.

Rodrigues, 2012; Petzold and Moog, 2018), especially consider- 16
ing that the skills accrued during such programs (for example 17
network, intercultural competences, and personal development) s
are broadly valued by policy makers and practitioners (e.g. Zim- 1o
mermann and Neyer, 2013; Netz and Cordua, 2021). From 2o
an employability point of view, international student mobility 21
has a positive effect (e.g. Teichler and Janson, 2007; Kratz and »-
Netz, 2018) given that it may be symbolic of attractive features »s

Rodrigues (2013) reported a positive correlation between
mobility experience and working abroad, that is, the influence
that international mobility has in the development of personal
preferences of students towards pursuing international careers
(see also Hernandez, 2020, for instance). A recent analysis by
Knutsen et al. (2024) shows that students with a university de-
gree conducted fully or partly abroad are 19-22% and 3-5% more
likely to work abroad than their non-mobile peers. Additionally,
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international mobility is effective at increasing campus diversity, ss
as well as reinforcing the financial position of higher education &7
institutions (Brooks and Waters, 2011). Institutions that employ ss
international graduates also benefit from the global competen-ss
cies, multilingual capabilities, and cross-cultural perspectives so
they bring, which can strengthen international collaborations o
and enrich institutional culture. The presence of internationally o2
mobile researchers is thus a key driver of scientific progress and os
institutional competitiveness on a global scale. This is particu- o«
larly relevant for fields such as astronomy, which heavily relies on os
international cooperation and collaboration due to its ‘universal’ ¢
nature. 97
Here, we present the Leiden/ESA Astrophysics Program for s
Summer Students (LEAPS), which is the framework for summer oo
research opportunities at Leiden Observatory in collaborationieo
with the European Space Research and Technology Centre ofio:
the European Space Agency (ESA/ESTEC). Our aim is to describeio:
the program, highlight its potential impact on the career of pastios
participants, discuss limitations and prospective strategies, andios
overall contextualise it in terms of international student mobility.os
The aim of LEAPS is to allow students with diverse talents, cul-oe
tural and scientific backgrounds, and personal circumstancesior
to undertake astrophysics research in Leiden. In addition, the.cs
aim is for the students to build their scientific profile towards aios
research career. Astrophysics is a highly international disciplineio
and, for many students, LEAPS can represent a first opportunityin
to experience research beyond their undergraduate instituteiz
and on an international level. In this paper, we describe the goaliis
and structure of LEAPS in Sect. 2, and its scientific impact andiis
the positive influence on the participants’ career in Sect. 3, andus
finally we present our conclusions in Sect. 4. 116
117

118

2 Goal and Selection Criteria of LEAPS ..

120
LEAPS is a fully-funded, 10-week-long summer research pro-_,

gram and it is open to students of all nationalities from outside,
of Leiden University, therefore promoting inward short-term .
mobility,l The program aims to help participants prepare for ,
potential further research at a higher level in three main ways. .,
Firstly, they build their research experience profile and develop,
useful skills, including problem solving, coding, communication, ..
and networking. Secondly, the program gives participants an_,,
opportunity to experience a full-time research project, poten- .
tially in a new research area of astronomy, often unavailable as_, |
part of the curricula at their respective institutions. The purpose, .,
is to assist the students to make decisions such as whether they,
wish to pursue a research degree, and if so where and in which
field. Finally, conducting research at an international establish-,,
ments such as Leiden Observatory and ESA/ESTEC is a valuable
part of a portfolio for applications for further research (namely a
postgraduate research degree).

LEAPS was started in 2013 with an aim to provide world class
research opportunities to students from across the world andiss
promote Leiden as a place for graduate studies. It is now one ofis7
the longest running, fully-funded and open summer researchiss
programs in astronomy in the world (see Table 1). It has beeniss
conducted on a yearly basis with an average participation ofiso
18 students, including an online version during the COVID-191a
pandemic in 2020. The organising committee of the program isi4:
composed exclusively of astronomy postdoctoral researchers at
Leiden Observatory and research fellows at ESTEC, with the par-
ticipation of one administrative member of Leiden Observatory
for logistics organisation.

Each year different research projects are advertised and their

135

1 The LEAPS website is available here.

scope spans different areas of astronomy and astrophysics in-
cluding theory, observations, and instrumentation. This allows a
wide variety of research projects to be conducted during LEAPS.
Before the student selection process starts, the LEAPS commit-
tee collects the title and abstract of the projects from the super-
visory teams. These are then advertised on the LEAPS website
for the student to choose.

The student selection process is performed by the supervi-
sors of each project and consists of i) a review of the student
application and ii) an online interview in English. For the first
step, applicants are required to send their curriculum vitae, their
academic transcripts, and a motivation letter in which they ex-
press preferences for up to two of the available research projects.
They are also asked to arrange for a reference letter to be sent.
Upon reviewing the submitted material, the supervisors pre-
pare a shortlist of candidates for the subsequent interviews. For
each project, the candidate with the best scores is selected for
participating in the program.

During both steps of the selection process, the organising
committee provides guidelines as to, for instance, making sure
that the eligibility criteria are met by the candidates, understand-
ing confidentiality of the material, conducting interviews effec-
tively (with the option to involve external experts), and reducing
intrinsic bias in the selections. As of 2023, we introduced a coun-
try grading system during the selection process. This system ac-
counts for both the nationality of applicants and their university
affiliation at the time of application, considering potential biases
and disparities related to access to education, research opportu-
nities, and financial constraints. By evaluating countries based
on key developmental and educational factors, such as Human
Development Index (H DI2), STEM representation3, gender and
diversity representation‘*, and scientific publicationsS, we aim to
provide a fairer way to contextualize candidates’ achievements
and increase diversity in the program.

Besides their day-to-day project work, as part of the sum-
mer program, the students attend presentations and lectures
dedicated to, for instance, academic writing and efficient com-
munication in presentations. These are typically given by pro-
fessional astronomers at Leiden Observatory. Additionally, the
LEAPS committee arranges at least two guided visits during
the summer program: one visit to ESTEC and one visit to AS-
TRON (the Netherlands Institute for Radio Astronomy). At the
end of the summer program, the LEAPS committee organises a
one-day event where every student presents their results to the
members of Leiden Observatory. Many students subsequently
adapt their presentation for a talk at their home institution or
an international conference (see Sect. 3). Overall, these expe-
riences aim to provide and improve basic skills for a career in
astronomical research.

3 Statistics and Impact of LEAPS

The aim of this paper is to quantify and discuss the impact of
the program, hence we have collected information regarding
the career status of the participants as of 2023, their country
of affiliation at the moment of application, and any scientific
output. With the latter, we encompass both the publication
of peer-reviewed scientific articles as well as participation in
international astronomy conferences where they have delivered

2 see the Human Development Reports website

see the Organisation for Economic Co-operation and Development (OECD)
Science, Technology, and Industry Scoreboard website

4 see the Global Education report at the UNESCO website

Quantified as the number of peer-reviewed papers produced by a re-
searcher of a certain country to indicate the level of scientific activity, see
also the Scopus website.
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Figure 1. Country of affiliation at the moment of application for students that participated in LEAPS between 2013 and 2023. The countries are colour-coded based

on the number of students affiliated with that specific country.

a talk or presented a poster. 188

We retrieved the data on the country of affiliation from the:ss
archives of the program. For the career path and the scientificioo
output, we contacted the students that participated in the pro-s:
gram. In case this was not possible, we performed an onlineis
search (via LinkedlIn, personal websites, University websites, etc)ios
The total number of students who participated in LEAPS be—194
tween 2013 and 2023 is 194; and we collected information195
for 165 of them, resulting in an 85% completion rate. The in—19
completeness stems from a lack of information in our records or
unavailable information from online searches.

The goal of LEAPS is to enable students to build their sci-
entific profile towards a research career, thus undertaking a”
Ph.D. after LEAPS is already evidence of a propensity to such™
a career path. In this light, our results more sensitive toward™”
the short-term impact of LEAPS rather than a long-term one.”
From Fig. 2, we also note that there are no long-term trends in””
the Ph.D. fraction (except for the students currently enrolled™”
in MSc programmes), indicating that our conclusions on the™
Ph.D. propensity are not biased by our completion rate. 208

LEAPS has attracted applicants froon more than 89 countries,206
with consistently increasing number of applicants per available™
project over the years. For instance, the oversubscription ratio
per project has reached higher than 80 for several projects in"”
the last few years, which highlights the popularity and competi—210
tiveness of the program. The number of students with available””
information on their affiliation is 163. As of 2023, successful”~
candidates have come from institutions in at least 40 countries,
as shown in Fig. 1. Around 24% of the students had an affiliation®**
in the United Kingdom, 20% from the United States of America,™**
and 6% from lItaly. Each of the remaining countries account for***
at most 4% individually. When compared in terms of continent,**®
53% of the students had a European affiliation, 23% a North*"’
American one, 9% a South American one, 13% an Asian one, and**®
2% between Africa and Oceania. 20

Participating in LEAPS may have motivated the students
to progress with research and develop prominent international®**
careers. Fig. 2 shows the number of students that are working**
towards or have completed a Ph.D. since LEAPS. We observe that®*
more than 50% of the participants for each year have secured a**
Ph.D. position. The years 2022-2023 see a low number of stu-*°
dents conducting a Ph.D. simply because most participants were®*
in a master’s program at the time of our survey. The number of**’
LEAPS participants that have undertaken or are undertaking:zs
a Ph.D., and for which we have information about their affili---
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ation before and after LEAPS, is 118. Of them, we recorded
71 students (60%) choosing a different country for the Ph.D.
than that of the affiliation before LEAPS. Instead, 47 students
(40%) chose the same country. In this light, LEAPS may have
provided additional motivation to pursue an international
career and thus increase student international mobility.

We include here a few testimonials from LEAPS students
over the years, in order to provide more qualitative data on the
influence of LEAPS on their skills, network, and motivation.

- S.Yen (LEAPS 2013) - 'm glad to hear LEAPS continues
after all these years. It was such a valuable and insightful
experience. | absolutely loved it!"

- T. Boztepe (LEAPS 2018) - '/ learned various things, includ-
ing programming skills, astronomy, academic culture, etc.
from [supervisor]. During my time in LEAPS, [supervisor] was
patient and helpful and helped me to improve myself.’

- L. Pham (LEAPS 2021) - ‘The experiences | gained from
LEAPS are significantly helpful for me to overcome chal-
lenges in research.’

- G. Pignataro (LEAPS 2021) - ‘LEAPS actually helped me get
into the PhD program at the University of [city], the same
year.

- D. Nadella (LEAPS 2022) - ‘/t was a valuable experience
and we were fortunate enough to write a paper about our
research that summer.’

In turn, LEAPS may have contributed to establishing Leiden
as a sought-after destination for graduate studies in astronomy,
with applications to the Leiden Observatory Ph.D. program in-
creasing sharply since the program'’s inception. From the avail-
able information about the Ph.D. affiliation after LEAPS, we found
that Leiden Observatory is the Ph.D. institute of twelve students,
with an average of one student per year. In a couple of cases,
these Ph.D. students have given back to the program, such
as by appearing on a careers panel or even acting as a project
mentor to their own student. Moreover, many LEAPS alumni
have successfully obtained prestigious fellowships around the
world that are noteworthy in astronomy: one NASA Sagan fel-
lowship, one Hubble fellowship, one Einstein fellowship, one 51
Pegasi b fellowship, one Humboldt fellowship, two ESO fellow-
ships, and one De Sitter fellowship.

For the scientific output of LEAPS, we found that at least 25
research papers have been published in peer-reviewed astron-
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Table 1. Comparison of LEAPS with other summer research programs in astronomy in the world. Fully funded indicates the inclusion of

accommodation, travel, and a stipend.

No. | Program Organizer Eligible Countries Duration Fully Funded | Inception
1 RISE Germany German Government 4 Countries 12 weeks Yes 2005
2 RISE Worldwide German Government Germany 12 weeks Yes 2010
3 Globalink MITACS Inc. Canada 17 Countries 12 weeks Yes 1999
4 SURP University of Toronto Canada 4 months Yes N/A

5 SASP STScl USA All 9 weeks Yes N/A

6 ASTRP Oxford University UK 8 weeks Yes N/A
7 REU NSF USA USA 10 weeks No 1987
8 FRT Australian National University 2 Countries 10-12 weeks Yes 2019
9 SRPs Australian Universities 2 Countries 6-12 weeks Yes Variable
10 ESO-SRP European Southern Observatories Prefer ESO 6 weeks Yes 2019

Member States Member States
11 RASS Raman Research Institute India 8 weeks Yes N/A
12 Astro Camp Universidade do Porto 42 Countries 2 weeks No 2012
13 SSP ASIAA Taiwan All 8 weeks Yes 1998
14 VOSS Vatican Observatory All 4 weeks Yes 1986
15 ASPIRE University of Amsterdam All 6 weeks Yes 2015
16 SRP ASTRON Netherlands All 10-12 weeks Yes 2015
17 LEAPS Leiden University & ESA/ESTEC All / prefer ESA Member 10 weeks Yes 2013
States for ESTEC

100

[ Ph.D.
I Current MSc

Fraction of participants [%)]

204 258

2013 2014 2015 2016 2017 2018 2019 2020 2021
Year

2022 2023

Figure 2. Number of students each year who have subsequently undertaken?%*
a Ph.D. program normalised by the total number of participants for that yearze+
The red bars for 2022 and 2023 indicate the students who, after LEAPS, were,gs
enrolled in a masters program at the time of our survey. 266
267

268
omyjoumalsG. Similarly, the astrophysics data system (ADS)269
records a conference participation in the form of a talk or a poster__
for at least 13 additional projects (we note that only some (:om‘er—271
ences record their contributions in that database). Overall, these27
numbers highlight the successful research productivity from_
LEAPS, the improvement of the student’s curriculum to pursue
further research, and the establishment of longer-term work-__
ing relationships beyond the ten weeks of the program itself.276
Not only does LEAPS benefit the students, but also the early-, .
career researchers who devise and supervise the projects and276
run the program. For instance, early-career researchers obtain__
hands-on experience on shortlisting candidates and managing,_
selection interviews, also helping them to reflect on their own,
applications and those of any other students they advise. The
mentoring and coordinating experiences are valuable for their283
career development and progression.

2

3

4 Summary and Discussion

287

In this paper, we introduced the LEAPS program for summer stu”*

dent conducted jointly by Leiden Observatory and ESA/ESTECz2es

6 The list of output from LEAPS is available here LEAPS ADS Library 292

We described the impact of the program between 2013 and
2023 in terms of current career status of the participants, their
country of affiliation at the moment of application, and their
scientific output. The information collected from the database
of LEAPS shows an overall positive contribution, with at least
50% of the participants pursuing doctoral studies from almost
all years of LEAPS, 25 peer-reviewed published papers, and at
least five world-renowned research fellowships. These aspects
indicate that LEAPS may successfully contribute to provide ba-
sic skills and competences for a career in astronomical research.
With participants from at least 40 countries, LEAPS is providing
the international study experience that may, given the findings
of Knutsen et al. (2024), help these students secure a career
abroad should they wish.

Generally, there are certain challenges to international stu-
dent mobility to be taken into account (Brooks et al.,, 2024):
student well-being, financial support, and diversity. The student
well-being is an aspect that LEAPS takes seriously because, in
the context of academic internationalisation, it is known that car-
rying out a research project in a foreign country may be stressful.
Ultimately, this could lead to a negative influence on the sat-
isfaction with the experience abroad (Ramirez and Rodriguez-
Medina, 2024). During LEAPS, each project must have two su-
pervisors to i) safeguard the welfare of the student, ii) make sure
that at least one supervisor is present for the duration of the
program for regular updates on the student’s progress, and iii)
allow the student to benefit from wider scientific expertise. In
addition, the students have access to welfare channels such
as Observatory Allies and Confidentiality Counsellors, and the
LEAPS organising committee performs a welfare check around
halfway through the program, to address whether the students
are well-settled in Leiden, and are satisfied with their living situa-
tion, healthcare, sufficiency of the stipend, relationship with their
supervisors, and provision of project support. The camaraderie
of the LEAPS cohort, nurtured by housing the students together
and having them share an office, is the final pillar of their social
support. Every LEAPS cohort has been seen to independently
organize travel and trips on the days off to explore life in Europe.
LEAPS alumni also report remaining in contact over the years,
and continue to support each other in various ways.

Another challenge to face is the affordability of international
students mobility (King et al., 2010; Souto-Otero et al,, 2013;
Brooks et al., 2024), which most likely impacts students from
less privileged social backgrounds (see e.g. Slowey et al,, 2020).


https://ui.adsabs.harvard.edu/search/q=docs(library%2F4Y2oVuDvRxCfCXtmt6ZQqw)&sort=date%20desc%2C%20bibcode%20desc&p_=0

To help navigate the costs of living abroad, LEAPS provides asss
complete package. In practice, the costs of travel to/from the
Netherlands, accommodation for the duration of the program,zs.
international student insurance, visa applications, and living ex-
penses (in the form of a stipend) are covered by the program. This.,
aspect of the program ensures an equitable ability for students;.,
to partake in research opportunities regardless of the financials.,
status. The funding for LEAPS has been periodically increaseds,
to take inflation into account, and to keep it on par with other,,,
summer programs in the Netherlands. 162

Finally, an area of improvement of the LEAPS program lies;;
in the diversity of the students. Although LEAPS strives to en-,
sure fairness by mitigating any financial disadvantage of thes
participants, and the LEAPS selection process involves multiple
supervisors at every step, in order to increase fairness, Fig. 1 illus-
trates that the majority of students were affiliated with Europeansss
and Northern American countries, which tend to have larger,
more internationally recognized academic systems, and moress?
scientific outputs. Notably, the countries with the greatest num-
ber of previous participants also provide the most applicants,
suggesting a level of self-reinforcement: in these countries the**®
program becomes well-known and previous participants or their
advisors mentor further applicants to success. Therefore, differ=*
ent strategies are needed in order to increase diversity towards
students that are traditionally less likely to engage in interna-
tional mobility, for example through increased promotion of the
program in under-represented areas. As mentioned in Sect. 2,371
we recently developed a country grading system aimed at re-
ducing disparities among applicants, but future monitoring is373
required to evaluate the effect of its implementation on them
diversity of LEAPS participants. e

An interesting case study that emerged from our data is376
Colombia. The LEAPS participants affiliated with this country377
have an outsized number with respect to its i) population and378
ii) scientific strength, as referred to based on parameters Iike379
HDI, STEM representation, and scientific publications (see380
Sect. 2). This could plausibly be due to an effective advertise-381
ment of LEAPS by previous students from Colombia or during
the AstroTwinCoLO programme’. The latter is a twinning382
programme between the University of Leiden and the Uni-
versity of Antioquia aimed at boosting the development and._ .
improving the quality of astronomy teaching and research at
the University of Antioquia and the Andean region. 64

We note that the focus of LEAPS is on international mo-,.
bility, thus here we have highlighted geographic imbalance.,,
Other equally important dimensions of diversity such as gen-,
der are not explicitly targeted by the program, and corre-,,
spondingly the required data to evaluate these aspects are,,
not always recorded. Nevertheless, we note that in all years.,,
with available data, a majority of participants were female.,,,
This suggests that current advertising and selection practices.,,
are sufficient to maintain participation from those historically..,
marginalized on account of gender.

In conclusion, the astronomy internships available world-
wide have become very competitive even at the undergrad-_,
uate and masters stage, given the steep rise in astronomy
research around the world. This demonstrates the success of .,
several efforts aimed at astronomy outreach in high schools.,,
and colleges around the world. However, future programs._,
should look at sustainability in terms of how to balance the,,,
vast number of talented and interested applicants with the.,,
small number of positions available. 400

7 Information about the programme can be found on the website 406
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