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The learning from a five year intervention in hard-to-reach schools
is complex and extensive. The *hidden’ stories from those who set
up, managed and implemented interventions is important to those
involved with outreach to schools and colleges.

New theoretical knowledge from the rigorous research by the UCL
team is complemented by the broader narratives set out in this report,
focusing on how a longitudinal project is designed and implemented.

This report aims to stimulate thoughtful, principled design of future
interventions based on learning from all aspects of the project.

To this aim, using a model for design research in education, | have
framed the learning from the research along with the learning from
the practical implementation and reflections from Chemistry for

All participants. The reflections and iterative refinements to the
interventions were informed by regular discussions in Steering Group
meetings and in workshops for the activity-provider and research
teams. These stakeholders are, then, responsible for the collaborative
knowledge-creation documented in this report.

The RSC provided a rare opportunity to build on learning from a
longitudinal intervention. It is also an opportunity to promote the

role of educational design, by valuing both theoretical knowledge

and the evidence-based development of e ective interventions in
education. This report aims to support this approach to the continuous
improvement of science education and of ways to encourage diversity
of uptake in science.







The Royal Society of Chemistry In December 2013, following responses to the RSC'’s calll

h a based | d . q fossi for expressions of interest in CfA, the selected research
The RS. s a UK-based learned society and pro €SSI0Nghams attended a briefing meeting. A tender document
body with a Royal Charter for the advancement of chemicg, o circulated, which included an indicative budget, the

science. As a not-for-profit organisation, the RSC SuPporkB%ckground, and the aims and objectives of the project.
future generations of scientists through their education

o : Research team interviews and selection took place
ublications, programmes, and teaching resources. . .
P p 9 ) g' . in January 2014, with a research team from the UCL
Its work also includes developing chemistry applicationsyngsityte of Education being selected. The timing of the
and disseminating chemical knowledge. The RSGuhqintment allowed the research team to feed into the

maintains professional qualifications and sets highender process for the appointment of activity providers.

standards of competence and conduct for professional, , . _ . - . .
. . : . A briefing meeting for activity providers took place in
chemists. It also provides a wide range of services and

activities for members the chemistry communit early 2014 aer initial selection following expressions
y Y. of interest. Outreach providers went through a second

The UK Talent Pipeline tendering process, and the four selected teams were

At the time of the commissioning of the CfA programmén plage bY April 2014 Thls allowed t.h.em to-begm
the RSC's UK Talent Pipeline programme was an integ 2ngaging with schooI_ recruitment and activity design for
part of their goals. The programme was split into fiy@rogrammes to startin September 2014.

areas: Teacher Scholarship, Widening Participation] he university teams

Early Career Researcher, Careers Support and Skijlls
Development. The CfA programme was develope esearch

under the Widening Participation strand. The principal investigator was Professor Michael Reiss,
The RSC'’s belief that everyone should have access ¥8PpPorted by Professor Shirley Simon and Dr Tamijid
a high-quality chemistry Education was challenged\/lujtaba. This research team from the UCL Institute
by the current data on participation and progression®f Education (IOE) brought together considerable

in chemistry leading up to the CfA programme. Dat§Xperience in science education and social sciences.
showed, for example, that female students were les§h€ team had expertise in quantitative and qualitative

likely than males to continue studying chemistry atrese_arch method_ologles a_nd experience of carrying out
postgraduate level and that over 70% of undergraduatéPngitudinal studies. Dr Richard Sheldrake later joined

chemistry students were white. Most undergraduatdn® t€am, supporting the collection and analysis of

UK chemistry students had parents in managerial opUrvey data.

professional occupations. The data had already led to Activity providers

new focus at the RSC on widening participation in th

areas of gender and social mobility, %f the four universities selected as activity providers,

three completed the project, with one dropping out a er
two years due to diiculties in maintaining su icient
partner school engagement. The remaining three were:
Liverpool John Moores University (LIMU); the University

3) Settlng Up of Reading and the University of Southampton, in
partnership; and Nottingham Trent University (NTU).
l. Tendering and selection of LIMU

university partners _ _ ,
LIJMU appointed a project lead to oversee the project

At the start of CfA, a Steering Group was set up, #d manage the team, along with a second chemistry
il’lC|Ude RSC sta and eXterna| indiVidUaIS W|th relevanbcademic to coordinate activity design_ A science
experience. At the first Steering Group meeting i@ducator and experienced school teacher from their
September 2013, some principles about the scope anfiaculty of Education led the education content of
substance of CfA were agreed. These included likefttivities and a member of the university outreach team

success measures, such as changes in the proportiaias in charge of partnerships and project liaisons. At the
of undergraduate chemistry students from low

participation backgrounds; a focus on ethnicity and
gender in addition to socio-economic groupings; a focus
on overcoming barriers to progression in chemistry;
and details of the selection process and criteria for the
activity providers and researchers.

A project coordinator external to the RSC was appointed
as the main point of contact and communication
between researchers, activity providers, the CfA, and
the RSC.




NTU ¢ How, if at all, do these interventions depend on
teacher and school characteristics and on the

While LIJMU demonstrated cross-departmental ages of students?

teamwork, NTU put together a consortium of: the NTU
chemistry, outreach, and education departments;The proposal suggested that each of the activity provider
Ignite!, an independent not-for-profit organisation with universities recruited six intervention schools with three
a focus on creativity; the city council; and the locamatching control schools. The same student survey
STEMNET organisation. The team was led by a chemisw@s to be presented each year, with the exception of
academic, with a parttime project coordinator some personal questions about, for example, family
appointed from the existing university outreach team. background, to be collected in the first (baseline) survey
Initially, the project coordinator was allocated a half-only- I_nterwews with stut_jents and teachers would take
day from the CfA budget, and an additional ‘in-kingPlace in a smaller.selectlon of scho_ol_s_ and there would
contribution of half a day. Ignite! was paid at a dailyP® SOme observation of lessons/activities.
rate, and budgeted academic time was matched by th&robust outcome data would be needed for as high
university’s ‘in-kind’ contribution. a proportion of the CfA students as possible. These
Reading and Southampton data include attainment data, de_st_inati_on data,
and course data for students remaining in part- or
The initial lead was taken by the outreach and accesill-time education. Data from schools would be
facilitator from the Faculty of Life Sciences at thecomplemented by keeping in touch with individual
University of Reading. A senior lecturer from Readingssudents and by using national databases, including
chemistry department and Southampton’s chemistrythe National Pupil Database.

teaching fellow and director of outreach supported there cfa research aimed to explore which longitudinal
programme development and implementation. A NeéW,interventions may have an impact on the target

half-ime project oicer was appointed. The project gy,gent groups. For this reason, it was thought that
oicer was the only member of the team who was, range of programmes would allow interesting
budgeted for, with the others allocated from "”'k'nd,comparisons of the relative impact of different

time contributions to the project. activities. The activity providers explicitly aimed to
Il. The proposals include different types of outreach programmes,
activity content, and models of delivery.

The RSC wanted to fund a research project to contribute
From their summary of previous work, the UCL tearto the knowledge base about barriers to progression in

UCL research

concluded that: chemistry, focussing on students’ experiences over time,
« under-representation occurs in chemistry inrather than evaluation of the e ectiveness of a particular
UK universities; intervention model. At the time, there existed little

o evidence of ‘good practice’ in widening participation
*  such under-representation is probably most g reach. One of the goals of the CfA programme was
significant with respect to SOCI0-eCONOMIC 1, |egm from the specific context of what university

class, but is also important with respect 10 chemistry departments chose to provide, based on their
other characteristics, including gender and g, nerience of working with their local schools.

ethnicity; This project had a more complex structure than
*  existing evaluations of initiatives in the physicalmany research projects, where the intervention and
sciences designed to increase participationresearch are led by the same institution. While the
suggest a number of alternative lines that mightactivity providers had week-by-week contact with the
be followed, but do not yet with confidence schools and lead teachers, they did not want to get
identify any one pathway as superior; involved in the collection of the data as they felt this
« there is a dearth of longitudinal studies of Might compromise their relationship Wi.th. the sc_hools.
interventions designed to increase universityHOWever, it was o en necessary for activity providers to

participation in chemistry and related subjects. support the research team by following up requests for
o data with the appropriate school sta.
The UCL proposal o ered a balance of qualitative an

quantitative methods to answer four key questions: dOUtreaCh programmes

«  Which interventions increase participation in The activity provider universities were selected on the
chemistry both post-16 and at university? basis of: their programme design (against criteria of

‘innovation’, ‘relevance’, ‘progression’, and ‘coherence’);

their understanding of the role of science enrichment

and enhancement, and specifically of the complexities

of these in relation to widening participation; their

e To what extent do these e ective interventions understanding of the challenge of maintaining a
have dierential e ects on particular student longitudinal intervention; their ability to draw down
groups (e.g. by ethnicity, gender, socio-funding and partnerships; costing; and the qualifications
economic status)? and experience of the teams.

e  What are the relative eicacies of these
interventions in increasing participation
in chemistry?




LIMU

LIJMU’s programme was designed to provide regular,
half-termly in-school activities for the whole student
year cohort, along with supplementary activities such
as STEM clubs. Two activity days at the university were
suggested for the selected CfA cohort. The themes
for the programme were enrichment, enhancement,
motivation, aspiration, and careers. Continuing
professional development (CPD) was planned for
teachers. An introduction to the programme took place
initially through a drama event run by education project
students in a school assembly.

Schools were asked to bid for money to set up STEM
clubs, which were to be available for any students
wanting to attend, and ‘home events’ where online

resources were provided for flexible use at home.

LIJMU always planned to develop and interactively
revise the planned programme in collaboration with
their partner schools and the RSC.

NTU

NTU named their programme ‘CHEMWORKS;,
relating it to the existing STEMworks, which was part
of the Nottingham Growth Plan. Activities already
funded through STEMworks were included in the CfA
programme as ‘in-kind’ contributions. These included
STEMNET ambassadors, pop-up informal family
experiences run by Ignite!, speed careers networking,
teacher CPD run by the education department, online
school resources and some activities, and STEM clubs
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Attended by the research and outreach university teams,
RSC sta and Steering Group, the workshop aimed to:

bring about a shared understanding of how the
research project would contribute to the aims
of the overall project;

reflect on the relevance of the knowledge base
for the project;

co-develop the research plans;

co-develop the activity programmes based on
shared knowledge and experience.

Presenting the research proposal to the activity
providers allowed for discussion of the practicalities
of the intended research methods in relation to the
specific partner schools known to these universities.
For example:

L]

references to ‘chemistry’ may not be relevant
for students in Years 7 and 8, so this should be
replaced by ‘science’ in, for example, student
surveys;

Portuguese science centres: ‘Dad science’ clubs
Generating Genidis
Go4SET

Residential programmes such as the Sutton
Trust’s ‘Pathways to L&w’

Suggested actions from the discussion on existing
knowledge included:

engaging with parents’ evenings / option evenings;

asking students who they talk to about careers/
subject choices so these adults can be targeted,;

addressing issues involved in talking to parents
about science and maths, along with any
potentially low aspirations for their children;

use of mentors as ‘significant adults’, the need
for mentors to be from similar backgrounds and
ages to the students, and to have appropriate
training and a framework of activities for
engagement with mentees.

the language level of student surveys wadPiscussion on the specific context of CfA, working with
questioned and subsequently simplified a er Widening Participation (WP) students suggested:

feedback from the activity provider teams.

Discussion of arrangements for collecting data raised:

some data may be collected by activity
providers to supplement research data e.g.
parental surveys;

there may be problems getting surveys
completed online in some schools;

some activities will be oered to selected
groups of target students;

researchers will need to know which particular
students have been targeted for smaller group
| targeted activities (attendance registers
were needed);

the UCL team were to communicate directly
with schools for arranging data collection, so
school contact details needed to be passed on
to the research team.

Relevant previous work was discussed:

ASPIRES- in particular, the idea of ‘science capital’, the
importance of a ‘significant’ adult, the need to integrate
careers education into the curriculum, and the need to
engage parents with careers education.

UPMAP - in particular, the strong e ect of ‘extrinsic’
motivation for academic subjects, i.e. leading to a career
and material gain.

Discussion of relevant learning from other initiatives and
experiences of the Steering Group included:

Skills development

» The need for development of learning skills
in addition to chemistry subject content. WP
students may not appreciate the worth of an
activity if they can'’t recognise transferable,
useful knowledge and skills.

» It may be important to sca old the language
and ideas used (signposting) to make
learning outcomes really explicit.

» Activity providers need to take care that
they successfully bridge between where
students are and their ability to develop a
sense of ‘self’.

Insights into study/careers

» The need to make judgements about what
students should be encouraged to aspire to:
is university appropriate for all students?

» Bringing students onto campus does
not automatically make them aware of
university life and entry — this content also
needs sca olding.

Support for learning in school

» If programmes have little connection with
what students experience in schools, then
students may not believe that studying
chemistry will be di erent from their school
experience.

thttps://www.ucl.ac.uk/ioe/departments-and-centres/departments/education-practice-and-society/aspires-2
2https://www.ucl.ac.uk/ioe/departments-and-centres/departments/education-practice-and-society/aspires-2
Shttps://www.ucl.ac.uk/ioe/research-projects/2019/may/understanding-participation-rates-post-16-mathematics-and-physics-upmap
“https://generatinggenius.org.uk
Shttps://www.etrust.org.uk/go4set
Shttps://www.suttontrust.com/our-programmes/pathways-to-law




» Many high achieving students with strong
participation in programmes have no
intention of continuing with the target subject.

Dr Wai Yi Feng, a member of the Steering Group who |

has both taken part in and researched STEM outreach,

provided some input during the workshop. Her

typology, identified in Royal Society and ESRC funded

research, listed enhancement and enrichment activities
as ‘activities not prescribed by the school curriculum,

which aim to enhance students’ experience of STEM
subjects’. These are programmes, interventions and

activities taking place in and out of school, including:

Lessons incorporating ‘rich’ tasks, designed to
support exploration and problem solving;

School clubs;

Competitions;

Masterclasses;

Summer schools / residential programmes;

University outreach / WP activities (including
working with scientists);

Extended investigations/projects;
Mentoring programmes;

Research / work placements.

The types of impact listed included:

Enhanced understanding of STEM topics/
disciplines, linked to more positive views/
attitudes;

Personal and social development;
Development of skills and learning processes;

Insights into STEM-related study/careers,
leading to increased likelihood of participation;

Support for learning in school.

Reflecting on the programmes

Universities paired up to critique each other’s dra
activity programmes.

Discussion suggested that:

collaboration could include student visits to
the other universities;

universities needed to be clearer about exactly
what is happening when and what the chemical
content is, particularly with more open-ended,

creative activities;

science/STEM/chemistry were being used
interchangeably: programmes needed to be
clearer about chemistry being the focus;

narrative progression and building of concepts
over the programme needed to be reviewed;

NRICH resources may be useful for maths

11
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Il. Branding and communications

At the May 2014 workshop, a Twitter hashtag was agreed
for CfA, and the RSC followed up with a meeting about
branding. A set of guidelines was later circulated, along
with templates for logos, including the use of university
logos and the RSC logo.

It was felt that it was important that, while each university
ran its own programme, there existed a sense of an
overarching project: Chemistry for All. Branding was
considered to be important as a way of providing a CfA
identity within schools, in addition to a sense of CfA being
a national programme. Universities produced pull-up
banner displays, classroom posters, publicity leaflets and
blazer badges. One university also produced polo shirts
with the CfA and RSC logos, for the team to wear at events.




Learning from the logistics
of starting a longitudinal project
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Reading and Southampton saw their ‘CfA cohort’ aV. Lead teachers

those students attending the Chemistry Crew Clubs. éfA i Pt K ith hool .
publicity drive and introductory events such as ‘Wow.... set ou o wor Wi schools —in
) . .difficult circumstances. There was always an
lectures’ for the whole year group aimed to recruit

students to the Crew Clubs. Teachers were made awalrlgderstandmg that communicating with schools

of the aims of CfA, and asked to mention the club tand I.<elep|ng themon boarq with the project would
. ) e difficult. Howeverat times, the challenges of
students who they thought might benefit. But the o .
. - communications presentedsuch a barrier to the
students attending the Crew Clubs were volunteers, wit

a very small number of regular, repeat attendees smooth running of the activiprogrammes and
y gular, rep ' collection of data that the activityproviders’

LIMU’s launch event for the CfA programme was the}ﬁrroject officers felt that they spent most tfeir
drama event, run by undergraduate students, andime trying to get responses to emails and phoatis
scheduled to take place during assembly time in eactfo schools. Try|ng to get responses, for examp|e
school to allow all Year 8 pUpI'S to attend. Their model qbout arranging dates for activities to take p|ace,
delivering the core of their programme within timetabledcauseddelays to the running of the programme and
chemistry lessons meant that it covered the wholeook up a large amount of time.

student year group of the CfA cohorts. The LIMU projeghg 1616 of the lead geher in schools was centréo

oicer taught one or two timetabled science groups,y,q g eess of CfA. They wessponsible for recruiting
assisted by undergraduate student advocates. This Wag ,jents to take part, and werehe¢ main point of

followed (with varying success) by the lesson beingqmmynication for the university activitprovider and
cascaded through the year group, using lessons taught RBsearch teamsThe teachers who took on this role
the sch_ool te_achers. The student§ consistently taught by,ere ot gven any additional time, paymen or
the project o icer became the dedicated ‘CfA cohort.  gperific recognition by thie schools. They carried out
Maintaining a consistent longitudinal cohort of ‘CfAthe role on top of their everydayork, in a demanding
students was a challenge with the NTU programmeschool environment.
Lab_13 was introduced in some schools, but not othersihe |ead teacher role involved liaising with IT and
there were activities for very small groups and also fqechnical sta within he hool, for example, to arrange
larger groups, both within schools and at the universitypractical intervention activitiesand online student
Teachers tended to select students for universitysurveys. The lead teachers supported arrangements
based and smaller group events. LJMU managed far passing on data collected by the school to the
more consistent CfA cohort, with a focus on a specifieesearchers (for example, on student destinations) and
timetabled science group. Over time, it was easy fdor external trips to their partner university.
teachers to lose the message about the need for apead teachers had regular meetings with the university
identifiable longitudinal cohort, some considering project o icer and attended feedback and planning
that the activities should be ‘shared’ across dierentmeetings. O en, they needed to bring other teachers
students within the year group. into the running of CfA, as some activities were for
The widening participation focus remained key tothe whole year cohort, school assemblies or parents’
the CfA programme, but its impact on recruitmenteévenings, for example.
of targeted students was less than expected. Th@slead teachersvere o en mainstream teachers rather
universities found that the schools recruited to thethan department heads, making decisions about key
project were in such diicult circumstances, with suchactions needed for CfA was restricted by the need to
high proportions of students falling within the wideningconstantly ‘refer upwardsWhile school senior leaders
participation criteria, that any student at these schoolswere involved in agreements made at the school
could be considered to be a qualifying ‘target’ student. recruitment stage, these agreements slipped in priority
Learning about recruiting students over tr‘1e five,years of th(aT project. Example.s of the e ect
of the ‘status’ of CfA and its supporters within the schools
* Key arrangements, such as keeping ancluded last-minutecancellation ofstudent trips to
longitudinal student cohort, may become universities whethe accompanyingeacher was called
diluted due to school sta changes, the in to cover for absent colleagues (despite irretrievable
complexity of the project (many strands), andcoststo the university), schools not agreeing to run
the pressure of other demands on schoolsactivities for students in Year 10 due to ‘examination
and teachers. For this reason, it is importantpressure$ and schools pulling out of the programme
to establish the priority guidelines for what temporarily due to upcoming Ofsted inspections and
is expected from schools at regular intervalsgoing into ‘special measures

during the years of the project, and especiallyThe conflicts between schoand project demands
when there are sta changes. showed most acutely once students entered examination

«  Schools will expect to keep some control ovelclasseslLead teachers struggled to get clearance for any

the students recruited to a project, so thereactivities taking students awdsgom regular curriculum
may be a need to compromise on the SpeciﬁcsclassesSome schools did not consider that they had

of student recruitment time for revision classes.
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Issues with the surveys included the reading age for the
target students and the time taken for them to complete
the survey. The survey tool was based on a survey
from a previous research project carried out by UCL in
secondary schools, where these problems had not been
found. The degree of adaptation of the survey needed
for CfA was a surprise to the research team.

Other issues included a high level of sensitivity from
schools to collection of personal student data. There
was a need to link each student to the activities they
had undertaken and the surveys they completed, with
anonymity guaranteed. Despite reassurances of the
legality and ethical clearance of the research process,
schools and, in some cases, individual teachers, took their
own views on whether or not certain questions should
be asked in the student survey. During the project, the
data protection laws changed, with schools interpreting
the tighter statutory regulations within their internal
policies. Some changes in the laws directly a ected the
research e ort. For example, the new requirement of the
National Pupil Database to have express permission from
students ahead of accessing their data from the database.
The issue of the age of the students and whether or not
parental permission was needed for them to take part in
the surveys was also contended by some schools, even
though parental information letters were sent out about
the students’ participation in the project initially.

These changes to the General Data Protection
Regulation (GDPR) in 2018 meant that the researchers
and activity providers had to spend more time than
expected communicating individually and collectively
with schools, and responding to their concerns about
student data.

The release of class registers was particularly
controversial for some schools. If the activity provider
ran an activity, schools generally allowed them to collect
a sign-up sheet to indicate which students were present.
However, this was not practical for whole cohort events
such as assemblies. For these, the researchers had to
make the assumption that the whole cohort class list
(which was released by schools in most cases or could
be complied from the names on student surveys) should
be used, with no guarantee that any individual student
was or was not present. CfA activities run by teachers in

17
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e At times, activity providers prioritised their
ongoing relationships with schools over the
needs of the project, for example, not wanting
to put pressure on schools to fill in and return
student surveys.

6) Programmes

By providing a wide range of di erent activities, the CfA
universities allowed reflection on what worked for the
partner schools experiencing di icult circumstances.

l. STEM/chemistry clubs

STEM/chemistry clubs were the main focus of the Reading
and Southampton model. Other regions o ered STEM
clubs, but this was not taken up consistently by schools.
The numbers regularly attending the Reading and
Southampton Crew Clubs remained small through the
first couple of years of the project. The team, supported
by student ambassadors, produced bespoke resources
for clubs on termly themes and trained the ambassadors
who were to deliver and distribute the resources to
schools in time for clubs to take place. The original plan
to have undergraduate education students delivering the
clubs did not work out, as not enough suitable university
students came forward. Crew Clubs were originally
planned as weekly events, but the logistics of organising
and running clubs every week proved to be too much
for the university teams, and clubs ran fortnightly.
The students attending the clubs regularly, and their
teachers, gave excellent feedback about their experience,
particularly the practical investigations.

Each year of Crew Club has an overall theme: Year 8
clubs were about ‘Food and health’; Year 9 then ran
‘Forensic clubs’.

NTU aimed to o er schools ambassador support and
money to run STEM clubs. However, STEM clubs seem
to work best with KS3 age groups and are not as well
supported by students from KS4. Support from STEM
ambassadors was di icult to maintain, but placement of
undergraduate science/education students in schools
had some positive outcomes. In the second year of
the project, undergraduates developed resources and
supported pupil-led investigations in two of the partner
schools. In the third year, NTU linked Silver CREST




e Recruiting and training individuals to run the LJMU ran a drama event in school assemblies as an
clubs is a major operation. Consistency of clubntroduction to chemistry and the range of linked careers.
leaders worked well, with good relationships This was written and run by student undergraduates, and it
built over time between ambassadors and highlighted the CfA programme at the start of the initiative.

students. On a less positive note, Reading and Southampton found
that there was no interest from schools in chemistry

e Universities need to communicate to schools o
debates facilitated by ambassadors.

very clearly about the expectation for the
teachers’ roles. There should have been d.earning about science/art interventions
teacher present while the clubs were running,

. . Collaborations between scientists and artists
but this was not always provided.

and ‘creative’ events provide rich experiences
e Aer Year 9, students were not interested in for the students taking part, but require a lot of
clubs, and teachers requested a change in the resource and organisation.

core activities. 1. Awards and celebration events
. Revision clubs worked well for students in

At the end of the first three years of the project, LIMU
exam classes.

asked schools to choose three students as the Bronze,
e Running the clubs provided a valuable Silver, and Gold Chemists of the Year. Certificates were

experience for undergraduate students. awarded at the end of the celebration Gala Day and
donated prizes were given out.

. LIMU encouraged schools to prepare a poster of chemistry
I. Arts/science events research to enter the ‘Big Bang’ competition. Schools found
NTU's ‘Come Alive with Science’ encourage(ii diicult to find the time to enter this competition despite
studentsto recognise that chemistry is creative, andP€ind 0 ered help and support from the project o icer and
based on experiment, enquiry, and curiosity. student advocates. Just one school entered the competition
Creative activities  were developed in With an aquaponics project run by Shaping Futures.
collaborations between artists' ScientistS, All Year 12 students were invited to take part in LJIMU’s
teachers, and  students. Outcomes  wereExtended Writing Project, leading to the Extended Project
communicated to a range of audiences, includingQualification. This was to give thg possibili.ty of a reduced
to feeder primary schools and school assembliegrade oer to study for a BSc in Chemistry at LIMU.
(typicallyduring British Science Week). The smalfutorials and access to university Ilbr_anes Were-arranged
number of students who took part in the to help and support students completing the project.
performances then disseminated their work to The NTU Creative Sparks students contributed to the
around 400 students. Whiléhis provided a rich Real Science in Schools Symposium, and devised their
experience and had a large impamt the students Own posters to illustrate the special studies they had
who took part, the activity was harh maintain  undertaken for a final CHEMWORKS celebration event.
after the first two years of the project, asefjuired NTU used British Science week as a framework for
such a high time commitment from students. disseminating students’ work.

Creative Sparks was an experience offered to BReading and Southampton encouraged some students
small number of Year 12 students, as a continuatiorio take part in a Salters’ event at Reading University.

of their work with |gn|te| on science and IV. SOCIaI medla and Vebsrtes
creativity.  Eleven students across the five

participating schools took pait a number of events LIMU made some resources available for students,
and activities to introduce them ta wider range of t€achers, and parents.

career and study possibilities. Mentorirgationships ~ The LIMU social media pages were updated with photos
were arranged between the students ardcal of events, information on upcoming events, interesting
scientists. The students also visited the scientistgrticles in the news, and a link to the project o icer’s
workplaces. Two girls from Creative Sparks attendefBlog. Links to online revision materials and articles were
the final session of a Women in Chemistry conferenckgularly posted on Instagram and Twitter.

at the University of Nottingham in celebration of Learning about social media and websites
InternationalWomen’s Day in March. They interviewed « MU found that students did not really

delegates and academics from other universities. engage with Twitter. The number of followers
The Creative Sparks students travelled to in Instagram increased throughout the project,
London to attend an open day at UCL Materials with many brief comments on posts.

Library and Institute of Making, where they met . NTU and Reading/Southampton originally
staff to discusscreative insights around chemical planned to have websites supporting the
engineering, materiakscience, and UCL as a centre for project, but found that they did not have
research. su icient expertise or resource to carry this out

as planned.
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V. Chemidry practical lessons

Practical work formed the core of many of the CfA
club and inbound day activities and challenges. With




10 students: one asked pupils to look into chemicatid not have the intended outcome. All the pupils
discoveries of the past, and another looked at careers iwere able to do this to varying degrees, with female
chemistry using the RSC website. These activities coupdipils being the most confident and mature when
be done in lessons, at home, or in STEM clubs. communicating to the audiences of teachers, other

Year 11 students were asked to start thinking about hogfudents, NTU sta, and external funders.

they could take their place in the workforce by analysindTU’s university-wide progression scheme o ered an
the skills they gained from being part of CfA. They weapportunity for students to take part in a residential
provided with a template to help write their first CVvisit. They could try out university life, including
They were also given information on chemistry-related@cademic taster sessions, and meet new people in order
courses at LIMU, as well as a fictional classified page

and asked to apply for one job, using their CV as a guide.

Learning about careers-focussed events

* Reading and Southampton found that schools
only selected Year 10 students to attend the
industrial visits, not allowing Year 11 students
out of school. For this reason, they did not
arrange visits for the final year of the project.

e Two schools pulled out of these trips at
the last minute, which could have a ected
relationships with the industrial partners.

»  Students found industrial visits very beneficial.
Three quarters of the schools facilitated
presentations to a wider group of students on
their return.

VII.  University visits

Reading and Southampton both found it difficult to
getschools to attend campus-based events. In the first
and second year, students were invited to take part
in the Salters’ Festival of Science at the University of
Reading.No registration costs were involved for the
schools, butsome schools still dropped out due to
transport costsor difficulty in finding cover staff. Other
summer sciencevents organised at the University of
Reading for bothyears were cancelled due to lack of
interest.

In the third year of the project, a visit to the University
of Reading was arranged, combining a campus/
accommodation tour with a continuation of the
Forensic Science Challenge from the aer-school
clubs and parallel CPD for the teachers. Again, a few
schoolswithdrew at thelast minute; however, those
who attended enjoyed visiting the campus. In the
fourth year, a natural science masterclass took place at
Southampton University together with arformal CPD
event for the teachers.

NTU successfully ran ‘Chemisti@hallenge’ days at
the campus each year of the CfA programme (Year 8
to Year 12 students). Students took part in a practical
challenge, thenmade posters to communicateheir
work. There was a particular emphasis on encouraging
girlsto participate in the challenges. Over the years of
the project, NTU’s challenges included ‘Chemistry in
Everyday Life‘Energy ‘Watet ‘Nanotechnology and
‘Medicines for the Futur®uring the activities, students
were encouraged to reflect on why some aspects of the
experiment had nagone to planpr why the experiment
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All Year 12 A-Level chemists and BTEC Scientists were
invited to the LIMU laboratories to spend a day preparing,
purifying, and analysing a sample of aspirin. Later in the
year, the Year 12 A-Level chemists and BTEC Scientists
were invited back to spend a day analysing organic
chemicals using wet tests and spectroscopic methods.
On the second day, students spent an a ernoon taking
part in a live online event, entitled the Human Periodic
Table. They then enjoyed a talk from the LJIMU outreach
team about summer schools, applying to university, and
the UCAS process.

Learning about university visits

e Schools need all costs covered and firm
agreements should be in place to avoid late
cancellation due to teacher cover issues
beyond the control of the lead teacher.

e Teacher CPD can be successfully oered
to teachers alongside university-based
student events.

¢ Residential visits may help students to feel part
of the university life and community.

e Timing of events is crucial — NTU found that
an autumn term masterclass was too early in
the school year for Year 12 students, who were
adapting to their new school programmes.

e External accreditation schemes such as CREST
have to be fully funded for schools in diicult
circumstances to participate.

VIIl.  Online mentoring

Online mentoring was attempted at
Reading/Southampton and LJMU. It was not
successful, despitethese institutions paying for
access to a dedicatedplatform used by other
university departments.

Learning about online mentoring

e The main barrier to online mentoring was schools’
concerns about safeguarding and diiculties
getting students’ personal contact details.

7)




education and career plans. This finding led
to career activities where progression routes
were explored, and there was more emphasis
on making the link between careers education
and the school curriculum.

In the later years of the project, other projects
a ected the actions of the activity providers.
For example, the LIMU Year 11 careers activity
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Figure 1Generic model for design research in education, reprinted with author’s permission (McKenney & Reeve¥) 2012

1 « . ‘k_,"'fz 4Ly 'P

of applied research, which aims to address real-worldinderstanding of the phenomena being investigated.
problems through interventions. Through iterative The large grey triangle shows the increasing
design and testing of practical interventions, bothinteraction of the project with practice over time.

the quality_ of the educationa_l pro_duch e_lnd the”_ CfA framed retrospectively as
understanding of the theoretical implications of . .

interventions can be advanced. educational design research

McKenney and Reeves represented the integrateihe CfA programme set out to explore the barriers to
cycles of research and design (Figure 1). The squarégdergraduate chemistry for under-represented social

in the model depict the research and developmentgroups. CfA was set up as a research project which
activities taking place in three phases. The blackollected data from schools to help answer a set of

rectangles show the dual outputs of educationalprecise research questions.

design research: i) the practical output, which mayin Figure 2, the design research model from McKenney
for example, be resources or a process; and ii) th& Reeves (2012) is adapted to show what actually
theoretical output, which may involve heuristics happened in the CfA project, taking into account the

which can inform similar projects and theoretical activities of the researchers and the outreach providers.

®From: Conducting educational design research, McKenney, S. & Reeves, T. Routledge (2018). Copyright 2019 Second Ed. Taylor and Francis (Books) Limit
UK. Reproduced by permission of Taylor and Francis Group with permission of the Licensor through PLSclear.




Figure 2

Intervention resource
adapted for RSC’s
Teach Chemistry

website

UCL research report
published and
disseminated

Tools used by
UCL researchers ha
been tested in
a new context and
are available for othe
to use

Report outlining the
broader experience
from CfA published
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As part of the research, the tools used by the researchers, « Knowledge about the barriers to progression in
based on those used in the UPMAP project, were tested chemistry for some students.

in a new set of contexts: the CfA schools. Learning about
the language level and time taken to complete surveys,
and the diiculties that schools had accessing computers
for classes to complete electronic surveys, fed into the
iterative development of the survey tool (although thishad +  Learning about the design and implementation
to remain fundamentally the same from year to year to fit of a complex longitudinal study in hard-to-
with the research methodology in CfA). Testing the research reach schools.

methodologies in the CfA schools added to the broader
knowledge base about how, for example, student surveys
play out in di erent contexts. These findings about the use
of tools and methods in a new context provided theoreticali) Maturing intervention
learning associated with CfA in addition to theories arising
from analysis of the data. This is represented in one of the
black boxes in the design research model.

The programmes designed by the activity provider *  TO come: design plans translating the findings
universities were the intervention for the research from CfA into outreach programmes with
project, providing a range of experiences for students similar aims®*.
that could be explored in relation to the researchN. Next steps

questions (i.e. ‘What worked?’).
. . o .
As the project proceeded, discussions took place abouf! '€ &Tow on the diagram in Figure 2 returning to

how the background research and emerging resultd"e .a.malysis and ‘exploratiorj stages shoulq Sh‘?W an
from CfA might a ect the next steps of resource desigrf;}ddltlonal cycle of ‘next steps’ from CfA, starting with the
Feedback from schools and experiences of running th hnouncement of a new outreach grant to be o ered by

activities for the first cohort of students also became'®© RSC. This IS to encourage _appI|cat|on anq testing
‘data’ on which to base iterative changes to individua y outreach providers of the findings from CfA in a new

activities and the intervention programmes set of contexts. Another design research experiment is
' currently in design (at the time of writing).

The process involved when theories about ‘What
worked?' are applied in the design of interventions- Prompts to annotate
is not 0 en written about as part of research projects. the design model

Neither is there a single, accepted way of proceedinghe following questions, summarised from the final

from theory to practice in this context. Principled desigrb . L
. fA workshop, provide some prompts for considerin
draws on the theoretical background relevant to the workshop, provi promp sidering

. . the stages of a project design from the perspectives of
content and context of the intervention. It also uses th 9 proj g Persp

%ii erent audiences and partners.
cra knowledge, imagination, and design knowledge of P

the designers and their knowledge of the context for théRecruitment of outreach providers
intervention: for example, the local schools, teachergFigure 2, box 1)
students, and their families.

e Inferences about the types of interventions
which are most successful in relation to the
aims of CfA.

«  Design heuristic for CfA ready for testing in new
situations and contexts.

* Resources and programme plans for chemistry
interventions for schools Years 8 to 12.

*  Why would a university conduct this type of

By writing about CfA as an educational design outreach?

experiment, and by representing the work of the

outreach provider universities in the context of » What is the conversion from the outreach
resource/programme design, their contribution is more programme to people going to university?
fully recognised. The learning from their experiences » Will there be more success in motivating
becomes ‘theory’ rather than ‘cra’ as it is set out in students if we work with 8 to 14 year olds?

writing for scrutiny and testing by future practitioners. _ _
» What links do | need to put in place across
[l The products from departments?

CfA design research » Should the chemistry department work

With reference to the McKenney and Reeves (2012) with outreach and widening participation
representation of educational design research, the departments?
products from CfA include:

» How much is it going to cost?

) Theoretical understanding » How much sta time is needed?

* New knowledge about the methodologies and
tools suitable for collecting data in schools in
di icult circumstances.

» How can outreach help us with civic
engagement?
. . i ion?
* Theories about what motivates students to » Will outreach enhance our reputation
aspire to science careers in the specific contexts « What are the challenges and barriers about
of the CfA schools. how to work with hard-to-reach schools?




» |s it worth the additional e ort needed to
engage hard-to-reach schools?

» What information do | have about the
schools’ audiences: age range, academic
profile, what is Pupil Premium %, any other
background information about the schools?
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