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Abstract

Involving students in state-of-the-art research from an early age eliminates
the idea that science is only for the scientists and empowers young people to
explore STEM (Science, Technology, Engineering and Maths) subjects. It is
also a great opportunity to dispel harmful stereotypes about who is suitable
for STEM careers, while leaving students feeling engaged in modern science
and the scientific method.

As part of the Twinkle Space Mission’s educational programme,
EduTwinkle, students between the ages of 15 and 18 have been performing
original research associated with the exploration of space since January
2016. The student groups have each been led by junior researchers—PhD
and post-doctoral scientists—who themselves benefit substantially from
the opportunity to supervise and manage a research project. This research
aims to meet a standard for publication in peer-reviewed journals. At
present the research of two ORBYTS teams have been published, one in the
Astrophysical Journal Supplement Series and another in JQSRT; we expect
more papers to follow.
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Here we outline the necessary steps for a productive scientific collaboration
with school children, generalising from the successes and downfalls of the

pilot ORBY'TS projects.

Supplementary material for this article is available online

1. Introduction

Most countries in the world are experiencing a
shortage in their STEM (Science, Technology,
Engineering and Mathematics) workforce, despite
having economies that are heavily reliant on such
professions and the scientific and technological
output they provide (e.g. [1, 2]). Given the current
lack of diversity in STEM fields (gender, economic
background, disability, racial, etc) there is pressure
to make STEM careers more inclusive and acces-
sible to young people from all backgrounds [3-6].
There is a widespread struggle to persuade a large
proportion of young people that STEM careers
provide good professional opportunities. This is
particularly a problem with students of low socio-
economic backgrounds and girls; see, for example,
the report on the relationship between socio-eco-
nomic status and science by [7], the review on par-
ticipation of girls in physics by [8], and the reports
on diversity in STEM by [9, 10] and [11]. There are
many factors that contribute to the poor diversity of
STEM careers. Two of the key obstacles in STEM
uptake are a scarcity of role models (see e.g. [12])
and the apparent narrow applicability of any one
STEM field (e.g. [11]). Looking forward, it is vital
to provide an inclusive and supportive environment
where students from under-represented groups are
provided with both the tools and aspiration to pur-
sue STEM careers.

Space is an ideal gateway into other STEM
fields as it is both intrinsically multi-disciplinary
and highly inspirational [13]. The space industry
has been successful in inspiring entire nations
for decades, and capitalising on that inspiration
by maintaining education and public engagement
programmes targeted at a large variety of young
audiences [14-20].

Beyond the space industry, many schemes
have been set up to foster links between the
research world and young people in education,
providing STEM ambassadors and role models.
Within the UK, some prominent programmes
include The Brilliant Club [21], the Researchers
in Schools programme [22], and the Institute for
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Research in Schools (IRIS) [23], which in early
2017 incorporates 13 different scientific research
projects into schools, with more expected to start
in Autumn 2017.

For undergraduate students, the opportunities
have often gone beyond education and outreach
to actually involving students in the research.
Undergraduate research experiences (UREs)
are reasonably widespread [24, 25]. Seymour
et. al. [24] survey the literature on the benefits of
URESs, reporting the largest categories of benefits
are: ‘thinking and working like a scientist’ (e.g.
critical thinking and problem solving, increased
knowledge and scientific  understanding),
‘personal/ professional gains’ (e.g. increased con-
fidence and ability to do research, ‘feeling like a
scientist’), and skills (improved communication,
organisation, teamwork etc).

Deep engagement with science practice
through a free-form research project increases stu-
dent understanding of the scientific method and
more broadly the epistemological foundations of
science [26]. This understanding has had significant
influence on both compulsory and voluntary science
education worldwide; for example, in Australia, all
15-16 year olds are required to perform an inde-
pendent research project, in the US, science fairs are
prevalent and encouraged, while in the UK, CREST
Gold awards are presented by the British Science
Association to students for substantial scientific
research projects. For most of these student pro-
jects, there is little if any direct link to the academic
scientific community. However, there is a small but
growing movement internationally to involve sec-
ondary school students directly in original research.
Examples of such programmes are:

e Creating new instruments, e.g. Langton
Ultimate Cosmic ray Intensity Detector
(LUCID) [27].

e Building instruments using specifications, e.g.
HiSPARC international research network [28].

e Collecting data using instruments in school,
e.g. the radioactivity in soil experiment
(RISE), UK experiment using CERNQ@
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School particle detectors [29] and Melbourne
University’s ‘Telescopes in Schools’ pro-
gramme [30].

e Analysing data, e.g. radiation data from the
TimePix instrument on the International
Space Station [31] and real astronomy data
for the detection of new variable stars [32].

e Presenting research, e.g. the cosmic ray detec-
tives exhibition in the 2015 Royal Society
Exhibition [33], which was a collaboration
between University of Birmingham and
Bordersley Green Girls school and sixth form.

e Rocket Science: UK wide practical experi-
ment investigating how seeds might be
affected by exposition to space [34].

A small number of these initiatives have led
to publications in peer-reviewed literature, for
example, LUCID instrument [35] and the London
pilot of the variable star Discovery project [32].
There has also been at least one research project
with primary school students studying bee move-
ments with a scientist [36].

The pilot programme presented here is
ORBYTS: Original Research By Young Twinkle
Students, which is part of EduTwinkle, the edu-
cation and outreach arm of the Twinkle space
mission. Twinkle is a proposed UK-led satellite
that will characterise the atmospheres of planets
orbiting distant stars (www.twinkle-spacemis-
sion.co.uk, [37, 38]). The initial ORBYTS pro-
jects focussed on the energy levels of molecules
relevant for the study of extra-solar planets, but
future research projects will aim to have links
to the exploration of space, be that engineering,
astrochemistry, stellar physics, computer science,
or the origin of life.

The overall goals of the ORBYTS pro-
gramme are as follows:

(i) To provide young students with the tools
and aspiration to pursue STEM subjects and
careers.

(i1) To widen participation from under-represented
communities in STEM degrees and careers.

(iii) To improve scientific literacy and provide
high-level STEM training for school students
in the physical sciences, data sciences and
technology.

(iv) To provide STEM role models for school
students, and dispel harmful stereotypes
regarding who is suitable for scientific careers.
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(v) Provide a rare opportunity for junior
researchers to supervise and mentor a team
while managing a project.

A set of initial projects were created in align-
ment with these goals, and with consideration of
the needs and schedules of school students, teach-
ers and junior researchers.

Since its inception, more than 70 students
have participated in ORBYTS across 10 pro-
grammes and nine schools. Here we summarise
the main conclusions from the pilot programmes,
specifically concerning the planning and delivery
of such as programme.

It should be noted, however, that no formal
feedback process was in place throughout these
programmes. Some qualitative feedback has
been gathered through focus groups with the stu-
dents and observations from teachers and tutors.
Ideally, a more in-depth study will be undertaken
during future projects. Nevertheless, what follows
is, to the best of our knowledge, the most in-depth
examination of a project where school students
formally collaborate with scientists for the crea-
tion of publishable research.

2. Project overview

A typical ORBYTS project consists of a small
group of secondary school students lead by a
mentor. The teams meet fortnightly at the school
for approximately two-hour long sessions. The
scientific research topic can vary between proj-
ects, though the initial pilot programmes (see
appendix Al (stacks.iop.org/PhysEd/53/015020/
mmedia)) relate to molecular spectroscopy,
due to the nature of the research group where
the ORBYTS programme originated (ExoMol,
a group at UCL working on a database of high
temperature molecular spectra for use in charac-
terising cool stellar and exoplanet atmospheres,
[39, 40]). In the UK school cycle, projects should
begin during the autumn term, so that sufficient
research time is available to the students before
their summer examinations.

ORBYTS projects usually require the fol-
lowing elements:

(1) A mentor, usually a PhD student or post-
doctoral researcher. A mentor’s role is to
supervise and oversee the project, explain the
relevant scientific concepts and make the key
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scientific decisions beyond the expertise of
the school students. The project topic should
therefore be tailored to the mentor’s research
interests.

(i) A research project that is sufficiently self-
contained to produce results within a school
year. As with most scientific enterprises this
cannot be guaranteed, but it is beneficial for
the whole group to obtain results within a
short time period.

(i1) A school liaison, usually a teacher, who can
help recruit and select students, and who can
help with logistics, such as arranging meeting
spaces. Ideally this role will be played by
a science teacher, who can then also help
provide links between the research project
and the students’ curricula. The school
liaison should also provide pastoral support
to the students. This link is also important for
ensuring the scheme complies with school
child protection policies.

(iv) A small group of students (ideally 4-6 but this
can vary) so that the group is large enough for
the students to feel supported by a team but
not so large that it becomes overwhelming to
organize. Efforts should be made to ensure
the group is diverse and inclusive, which may
mean active interventions during recruitment
as well as an adaptable approach to as many
aspects of the projects as possible.

(v) A supportive school that accommodates the
mentor, students and the research as much as
possible.

Full case study reports from all initial pro-
grammes are given in the appendix to this paper.
These case studies include a description (i.e.
number of students, tutor background, frequency
of student-researcher contact etc), research pro-
ject outline with scientific context and motivation,
project plan and reflection on the implementation
in terms of the project plan. These case studies
include:

e Two consecutive years of multiple teams
within Highams Park School, a state school
in North East London.

e Two summer projects, full-time for six
weeks, hosted by University College London
and Aberystwyth University.

e Program at a new state school, Westminster
City School.
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e Program hosted by Highgate, a indepen-
dently-funded school, through the Highgate
Chrysalis Partnership Teaching, in collabora-
tion with four different local partnered state
schools, Grey Coat Hospital, Marylebone
Sixth Form, Regent High School and Camden
School for Girls.

e Programremotely done between St Brendan’s
College, Bristol and Aberystwyth University.

For each ORBYTS programme, a project
plan was prepared in advance, with input from
senior departmental members with experience in
planning research projects, along with the tutors
and wider ORBYTS education team. The project
plan included proposed scientific outcomes and
an approximate timeline for the different stages of
the project. This provided a structure for the ses-
sions and was essential to ensure an appropriate
variety of research tasks and a reasonable goal for
the ORBYTS students to work towards. The ideal
situation is for a significant amount of progress
towards publication of a peer-reviewed research
paper to have been achieved for each group upon
completion of the project. As with most research
projects, these plans must evolve as the project
progresses, with adjustments made in subsequent
years of the programme.

2.1. Project outcomes

In between the fortnightly meetings between the
students and the mentor, intermediate goals should
be set with the ultimate scientific outcomes of the
project in mind. Although all projects have an ulti-
mate goal of producing publishable original sci-
entific research, each specific project will vary in
its general expectations for the students (see the
appendix for more details on specific projects car-
ried out thus far). In general, all groups should work
towards achieving the following common aims:

(1) Students should acquire the essential scien-
tific background to the research topic through
a combination of student research and active
mentoring. All mentoring should aim to
actively involve the students, keeping tasks
interactive. Following the student’s interests
beyond what is required for the specific pro-
ject is also encouraged.

(i1) Students should complete the project having
learnt and made extensive use of IT essentials
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(i.e. Excel, Dropbox, Google Drive and
appropriate email use).

(ii1) Students are expected to develop significant
technical knowledge of the science within
the project, which often includes graduate
level concepts.

(iv) Students should develop literature review
skills, including an introduction to sci-
entific journals and technical language,
guidance on how to search for articles
(e.g. using google scholar), how to create
appropriate references how and to follow
citations.

(v) Students should learn to perform data colla-
tion and critical analysis of the data that is
gathered. Data science in general is a useful
transferable skill that many ORBYTS pro-
jects are expected to touch upon.

(vi) Students are expected to write up and record
the outcomes of their work throughout the
project, culminating in the preparation and
delivery of a presentation at the end, aimed
at an audience consisting of both academics
and non-academics.

The three initial ORBYTS groups, formed
between students at Highams Park School and
young scientists from University College London,
worked towards creating spectroscopic networks
for acetylene, titanium oxide and methane. All
three groups have produced high quality research,
with two associated articles already published in
the scientific literature [41, 42] and another in
preparation.

3. Logistics
3.1. ORBYTS team

An ORBYTS project requires collaboration and
coordination between a few different bodies,
independently of the exact nature of the research
project. Ideally, a small amount of funding is
desirable, to allow payment of PhD tutors and
catering of ORBYTS events, particularly the
opening and closing ceremony.

On the research side, there are three distinct
roles (though more than one can be performed by
the same person): ORBYTS mentor, ORBYTS
school liaison and ORBYTS coordinator.

Usually, the ORBYTS mentors are young
scientists with research that can be easily adapted
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or compartmentalised to be performed by second-
ary school students. The mentor acts as supervisor
and mentor to a small group of students and
directs the scientific research. They will need to
be DBS checked and able to commute to the stu-
dents’ school multiple times a term. Ideally men-
tors will be dedicated to outreach and educational
projects, and should be remunerated. Mentors will
be responsible for setting targets and providing
all scientific support to the students throughout
the project. There is currently no formal teacher
training given to mentors, but this will be consid-
ered in the future.

The role of the school liaison can vary signif-
icantly between different ORBYTS programmes
depending on their availability and interests, but
they are the point of contact at the school who
manages recruitment, provides resources, organ-
ises school-based administration, oversees pasto-
ral issues and can provide support for mentors. The
school liaison also will be the point of contact if
concerns over a student’s academic performance
arises given the time and energy commitment that
an ORBYTS project can entail. Where possible,
teachers should help mentors highlight links with
the curriculum and assist mentors in explaining
complicated graduate level concepts to students
by providing analogies to classroom work, and
helping to convert the language to be more appro-
priate to the student’s current understanding.

The ORBYTS coordinator manages the uni-
versity-school relationship, financial aspects of
the programme and events, though this role can
be assigned to any of the other senior members of
the ORBYTS team.

The target composition of the ORBYTS
student team must be determined by the tutor,
teacher and coordinator in consultation. Often,
the ORBYTS programme is most beneficial for
students in their second to last year of secondary
school (first year of A-level for UK students) as
they have not submitted university or scholarship
applications. This timing also allows the possibil-
ity of some students taking on a co-supervisory
role in the subsequent year if they wish, an
almost unprecedented level of experience for a
pre-university student. It is a crucial aim of our
programme to encourage STEM participation
by under-represented groups, particularly girls
and those from lower socio-economic back-
grounds. Diversity should be achieved by actively
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presenting the opportunity to students of all back-
grounds and genders, but quotas can be estab-
lished if necessary. Recruitment usually takes
place via a visit by the ORBYTS lead, mentor or
other Twinkle staff member to the school; in this
way, the recruitment talk doubles as an outreach
activity at the school.

All ORBYTS projects, and the more exten-
sive EduTwinkle initiatives, prioritise schools
in low socio-economic areas. More privileged
schools are considered under the condition that
they fund or host projects for local under-privi-
leged schools.

3.2. Funding models

The sustainability of this programme is greatly
enhanced by paying the ORBYTS mentors at
standard university demonstrator rates, or higher
if possible, for session time and some prep-
aration/travel time. For a typical project includ-
ing 12 fortnightly two hour sessions, for 2016-17
this worked out at around 500 per group. Catering
for opening and closing ceremonies also need to
be considered. No expensive equipment has been
required in the projects run thus far, but if any was
required this would need to be taken into account.
PhD students are not paid for time spent prepar-
ing publications resulting from the work of their
ORBYTS team; this is a critical part of their sci-
entific training and the resulting paper contributes
to their career progression.

In the second year of the scheme some of
the funding was derived from a private school
who funded not only their participation in the
scheme but also participation by four nearby
states schools. This model worked well and has
the potential to make the project sustainable; our
plan is therefore to use it as a means of expanding
the scheme.

3.3. Project timeline

At the early stages of the project, the ORBYTS
mentor, teacher and coordinator should work
together to establish an overall plan and time-
line for the project. Important topics for discus-
sion include frequency of meetings between
students with and without their mentor, appro-
priate communication channel(s) and how the
students’ other commitments fit into the project
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time-line—specifically their examination time-
table but also any other extra-curricular com-
mitments the students might have. It is also key
to discuss the pitch of the project and level of
academic language to ensure students are not
overwhelmed. Mentors, teacher and coordinator
should work together to establish an approximate
timeline of research milestones early on, but care
should be taken to ensure flexibility, as the exact
progress of a research project is not necessarily
possible to predict. The three also work together
to help manage workload for the students over the
length of the project, and adapt tasks to best suit
individual student’s skills and interests.

In general, the following skeleton timetable
for a nine month project has been found to be
suitable:

Month 1 Recruitment and outreach talk at
school. Sign-up deadline set and recruitment
and selection of students begins. Project
outlines and desired outcomes discussed.
Month 2 Selected students visit to University
or other research centre where they are
introduced to the field and the context of the
project. There they will meet their mentors
and be organized into their groups. Previously
this has included a tour of the institution (e.g.
visit to lecture theatres and both teaching and
research laboratories).

Month 2-3 Introduction sessions begin, with
the escalation of technical concepts kept slow.
Students are encouraged to research the field
and its uses, as well as begin to familiarize
themselves with the tools they will need for
the remainder of the project (e.g. excel, unix,
scientific literature).

Month 4-7 Fortnightly sessions continue.
Mentors should be working towards exe-
cuting the preliminary schedule, aiming to
maximise the research goals while ensuring
students get a well-rounded experience of the
full research cycle. Schedule will be adapted
by taking into account the many obstacles
that inevitably arise, specifically the demands
and abilities of the individual students.
Month 8 Break for exams as necessary.
Students will have differing examination
timetables and demands on their time, but
the ORBYTS research can usually continue,
even if significantly slowed down.
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Month 9 Finalising research as required.
Preparation of student presentation for a
closing ceremony at the host institution.
Certificates, awards and authorships are
awarded to students where applicable.

Subsequent months may be used by the stu-
dents to continue to participate in the final paper.
Usually this will be done in the Summer time
by those students who will become co-authors.
Ideally, the paper is submitted within six months
of the final project; however, this goal has only
been achieved in about half of the projects so far.

3.4. Communication

Communication between students, mentors and
teachers has been observed as one of the most sig-
nificant and persistent issues with the majority of
ORBYTS projects thus far. Email was extremely
poorly utilised by students, as they viewed it as
‘kind of slow and inconvenient’ and struggled
to feel comfortable with the type of language
used in formal communication. In some pilot
programmes, permission was obtained from the
school to use the Slack messaging system, typi-
cally used in business environments and less per-
sonal than other messaging systems. The ease of
use in some cases resulted in much more effec-
tive communication, however not all were com-
fortable with or able to download the app onto a
smartphone, which limited its success as a com-
munication channel. Future projects will aim to
use a variety of communication formats, to best
adapt to the accessibility and security require-
ments of each school and group.

3.5. Student commitment

The minimum time requirement for a typical
ORBYTS project is the ability to attend each
fortnightly session, with obvious exceptions for
serious personal or academic needs. However,
beyond this bi-monthly commitment, student par-
ticipation is recommended but voluntary. This is
particularly important for providing accessibility
to those from low socio-economic backgrounds
who may need to work after school and as a result
do not have significant extra free time. It has been
observed that those students who are motivated
to continue with a project will dedicate any extra
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time they have to it, so it is important that mentors
and schools are as flexible as possible, in order to
accommodate such students.

From the outset, the difficulty of the work
performed must be highlighted, and students pre-
pared appropriately. The most stark difference is
the more unstructured nature of the work com-
pared to classroom, as well as the level of work
being performed.

Students participated in opening (essential)
and closing (voluntary) ceremonies that took place
at the host university. These scientific events were
good for framing the project, creating a sense of
team and purpose, improving morale, providing
networking opportunities for the students, giving
students the chance to ask questions of scientists
about science and university and providing expo-
sure to real working environments. These events
do require some support from the school in organ-
ising appropriate times and permissions to travel
to the host institution. Friends and families were
invited to the closing ceremony.

4. Student feedback

Two focus groups were run in February 2017,
each with five students from the pilot ORBYTS
projects and subsequent similar projects (see
appendix Al), the feedback from which has been
subsequently transcribed and analysed.

4.1 The learning process

Students recognised that explaining their proj-
ect increased their scientific understanding, with
one recalling the importance of explaining their
project to family members to help retain informa-
tion. This was formalised in the closing ceremony
where students were given the chance to present
their work in groups to a mixed academic and
non-academic audience; alumni students talking
to new ORBYTS students said this experience
will ‘help you understand it a bit more, when you
are actually talking about it and explaining it to
other people’. Students also gained confidence
in speaking to larger audiences and generally, as
one pupil notes ‘ORBYTS has improved my self-
confidence drastically’ and that it has ‘opened
many doors for me in terms of leadership roles
and placements’.
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Some of the specific technical skills students
learnt will be useful in the future, most notably
Microsoft Excel, with students stating that 7 did
not really know how to use Excel and now I can
use it a lot better’. More broadly, students reported
that the project had ‘vastly improved’ their expe-
riences with computers, with the discovery and
implementation of skills such as how to debug a
program, format input correctly, interpret error
messages and learn new software. Students rec-
ognised the value of such skills, agreeing strongly
when asked whether they could see the skills they
developed as being useful in their future, includ-
ing for non-science based tasks. In the words of
one student, the programme ‘has equipped me
with a unique skill set which will help me through-
out further education and later into working life.’

Students spoke about the ORBYTS project
allowing them to put their learning into context
and that the experience has ‘helped throughout
my chemistry, physics and maths A-level’.

As well as gaining confidence in ‘independ-
ent work’, students also gained significant trans-
ferable, career skills in communication, teamwork
and independent motivation. One student identi-
fied that ‘one of the challenges I overcame at the
start was trying to have a good line of communi-
cation with everyone else’, and emphasised that
the main skills they gained were ‘in the communi-
cation and team work’ areas.

A key observation of the ORBYTS men-
tors and teachers was the importance of allow-
ing students to feel like they could ask frequent
questions, and the confidence they gained if they
were guided into finding the answer as opposed
to being told. One of the many benefits of the
programme for the ORBYTS mentors themselves
is the opportunity to supervise and manage a
research team, and to learn and practise skills that
will be useful for their own careers. A full analy-
sis of the impact on this sort of project on mentors
and researchers will be discussed in future work.

4.2. Student experience

Most students expressed significant enjoyment
of the experience, one stating that ‘ORBYTS has
been one of the best experiences of my life’, which
they attributed to a number of factors. Students
found the sessions ‘quite laid back’. The lack of
formal examination took the pressure out of the

January 2018

experience and meant students felt they could
‘learn new things’, ‘just out of interest...with
no exam at the end’. Students enjoyed learning
university-level physics and chemistry with con-
tent that ‘went beyond what we’d learnt in les-
sons’. Overcoming the challenges of the difficult
programme was clearly a source of pride, e.g.
‘because although it was hard to understand, it
felt like an achievement once you understood what
was going on’. However, it is worth noting that
they found the project at times ‘very confusing’.

Common difficulties encountered by the stu-
dents were insufficient motivation and insufficient
direction, which can perhaps partly be attributed
to a group too large for one mentor. This was
tackled in the second set of projects by inviting
students back to be part of a more supervisory
role in overseeing the next cohort. The possibil-
ity of including undergraduate students in a co-
supervisor role is also being considered for the
future. It was found that the longer timescale of
the project was found to be challenging by some
students, especially in comparison to the more
segmented class activities.

Students commented on the highly comp-
uterised nature of the research, with some com-
menting that they ‘thought there might be an
experiment’. While future ORBYTS projects
may incorporate a more experimental angle, par-
ticularly involving astronomical observations,
this did not apply to any of the projects run thus
far.

From the focus group feedback, it is clear
that the uniqueness of the programme and the fact
that they were ‘working on something that actu-
ally will be considered real science’, were key
motivators for students.

4.3. Perception of science and researchers

Though some students mentioned having ‘no idea
what people did’ in research, most started with
definite perceptions of research and research-
ers. Students were unanimous and strong in their
agreement that the ORBYTS experience changed
their perception of research. For example, stu-
dents discussed the belief that research was a solo,
not group, effort and described previous precon-
ceptions of research as ‘some independent thing
where you learnt a lot of things and then you go
away and you just have like a revelation and you
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spend hours on it, and that’s it ... I did not think it
was the group effort’, that research involved ‘just
one person sitting doing all the number crunch-
ing finding everything out for themselves’ or that
‘people used to just go and do their own little
experiments that they thought up and then found
out this information’.

Students were not expecting the heavily com-
putational nature of the research: ‘one thing that
shocked me about doing original research was
Jjust how much time was spent on computers. I'm
not going to lie, when I signed up I thought there
would be a lot more sitting and discussing ideas.’

Students grew to appreciate scientists not as
‘quiet people who are sitting alone doing their
research, not interacting with anyone’, but as
‘really really normal nice people who just have
a really really good understanding of one specific
subject’. Students identified their tutors as ‘very
friendly and nice’, ‘a lot less intimidating than I
thought they’d be’, ‘laid-back’, ‘talkative’, hav-
ing a strong ‘passion for the subject’ and who
had worked hard to get to their position. Students
appreciated the opportunity to talk directly with
a scientist ‘who really understands like every
aspect of the project really really well and what
they’re researching’. Students felt that ‘even
though it might be a relatively simple answer,
they’re always happy to help and answer’ and
that asking questions was received positively by
their mentors. These comments are encouraging
in regards to the attempt to address key issues in
STEM subjects such as the lack of relatable role
models (e.g. [43, 44]).

5. Discussion

Collaborations between fields will be made in
future projects to enhance links between differ-
ent STEM areas and it is hoped that the inclusion
of a strong educational component of the Twinkle
Space Mission will enhance the ability of the pro-
gramme to produce more highly trained STEM
professionals to the future workforce and economy.

Space is a topic that does not need to work hard
to create fascination. This makes it an excellent
gateway for other, more seemingly impenetrable
STEM fields, like robotics and engineering. The
Twinkle Space Mission brings together aspects
from chemistry, biology, physics, engineering,
robotics and programming, and as such provides

January 2018

a very suitable vehicle for engaging students with
all STEM fields. The aim for ORBYTS in the
near future is to expand into more schools, work
with more research institutions, collaborate with
scientists in different research areas, all in order
to involve and inspire a wide range of school stu-
dents in real science. EduTwinkle represents a
concentrated effort to ensure that the inspiration
and knowledge that a space mission provides can
be embraced across society. ORBYTS in par-
ticular aims to extend the research effort beyond
academics, making as many young people as pos-
sible involved and invested in the science of space.
The huge volume of research needed to study
every molecule, every star, every planet, is a much
greater task than the current cohort of scientists
can handle. But there are thousands of students
who could be contributing to these discoveries.
The ORBYTS programme brings state of the art
science and technology into schools, where stu-
dents perform original research and work towards
publishing their findings, collaborating with scien-
tists all over the country.

The answer to the question ‘When can stu-
dents start performing research?’ is simply ‘When
you provide the environment for them to do so’.
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