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ABSTRACT: For many years, a key focus in Universities has been on ensuring that students develop f o RV
employability skills as well as developing discipline specific skills during their studies. This has often - Mw:ﬂ,ﬁl o

resulted in the provision of work-integrated learning opportunities or embedding employability skills ! 1 ot

training within degree programmes. The Chemistry Clinic at the University of Strathclyde is an activity | .

that seeks to incorporate industry driven, inquiry-based authentic assessment with the development of 9 j 4 ‘}

the key skills sought by employers. It also provides the opportunity for students to contribute to the /I L ‘ F
Higher Education Knowledge Exchange agenda in positive ways. Evidence suggests that involvement in ?;J@@@Q’f_) ] . ﬂ
the Chemistry Clinic has a positive effect on encouraging students to progress to research postgraduate /[ = @f ]
study in Chemistry or aligned areas. Additionally, student feedback indicates that the Chemistry Clinic | leog o ‘ | ﬁ
has had a positive effect on students’ learning outcomes related to employability. Finally, the extent of ‘< « J i e o
industry involvement and the feedback from industry partners illustrate that the chemical industry K develglmfgbﬂ i

believes that Chemistry Clinic students provide a sustainable and efficient source of expertise. The &
development and implementation of the Chemistry Clinic are described in detail and have implications

for practice. Other chemistry departments and a wider range of disciplines may wish to consider introducing this approach into their
degree portfolios.
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E nsuring students have the necessary skills to support the enhance their employability skills. Additionally, the assessment

transition into employlrrzlent has been a key focus for Higher of this activity involves their reflections on understanding the
Education for sometime.”” A UK survey commented that usefulness of the skills they have enhanced and will add to the
“Employers expect the need for workplace skills unattached to body of existing knowledge already in place.
qualifications—such as communication and teamwork—to Another way to prepare students for the transition into

increase (+41%) in the next three to five years.”

Two approaches are common: using internal frameworks to
support the development of practical resources within the
curriculum and/or ensuring that students have an opportunity
to engage in work experience. A variety of frameworks has
emerged to support the development of these skills, including

employment is through work experience. Comparisons”””!
between students who had and had not participated in work
experience indicated that the cohort which had participated in
work experience had a higher level of employability skills. The
idea of work-integrated learning (WIL), which has broader

models such as CareerEDGE® and Understanding, Skills, implications, has gained increased attention over a number of

Efficacy, Metacognition (USEM).>® A wide range of resources years. and there are numerous examples of \A{OI‘k experience

designed to support the embedding of employability skills into which is integrated into the curriculum.”””** Indeed, in a

the curriculum has also been collated.” Singaporean”® study, students stated that work experience was
Specifically in Chemistry, there has been much work in this in their top S list of activities which were important in securing

area. The use of context-based learning to encourage broader employment.

skills development and ensure graduates are better prepared for Graduates who have engaged in industry-facing activity

the workforce is well recognized.g’9 This often features in
. o . 10,11
practical laborator?r classes through individual experiments,

. 2,13 14
an entire module or even a whole department/school.
Others," including the author,'®"” have introduced ways to
develop these skills in the wider curriculum. The intended career
path of students, however, can impact the perceived value of the
usefulness of these skills'® and it can be unclear whether students
recognize these skills or understand their value."” The work
outlined in this study allows students to engage in solving real-
world problems and provides an opportunity for them to

during their studies are therefore better equipped to embark
on their career.”’”* Additional benefits such as enhanced

Received: December 19, 2023
Revised: ~ May 30, 2024
Accepted: June 10, 2024
Published: June 19, 2024

© 2024 The Author. Published by . .
American Chemical Society and Division https://doi.org/10.1021/acs.jchemed.3c01319

v ACS PUb| IcatIOI’] S of Chemical Education, Inc. 2703 J. Chem. Educ. 2024, 101, 2703—2709


https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Debra+Willison"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.jchemed.3c01319&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jchemed.3c01319?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jchemed.3c01319?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jchemed.3c01319?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jchemed.3c01319?goto=supporting-info&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jchemed.3c01319?fig=abs1&ref=pdf
https://pubs.acs.org/toc/jceda8/101/7?ref=pdf
https://pubs.acs.org/toc/jceda8/101/7?ref=pdf
https://pubs.acs.org/toc/jceda8/101/7?ref=pdf
https://pubs.acs.org/toc/jceda8/101/7?ref=pdf
pubs.acs.org/jchemeduc?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acs.jchemed.3c01319?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://pubs.acs.org/jchemeduc?ref=pdf
https://pubs.acs.org/jchemeduc?ref=pdf
https://acsopenscience.org/researchers/open-access/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Journal of Chemical Education

pubs.acs.org/jchemeduc

motivation and increased maturity’’ for such graduates has also
been suggested.

The Department of Pure and Applied Chemistry at the
University of Strathclyde has one of the largest and longest
running student industrial training placement activities in the
UK.>' Noncredit bearing placements, initially of five months
duration, were introduced over 50 years ago for third year
students who wished to gain industrial experience.

In response to employer feedback, this placement was
extended to twelve months. This extension benefits both
students and employers. Students have a longer period of time
to develop authentic skills,”>** and as the placement attracts a
salary, they can often save money to offset the requirement to
work to support themselves* through their final year of study
when they return to University. Employers can also capitalize on
the training provided in the early months of the placement and
ask the student to complete more meaningful tasks, thus gaining
more in return from their investment in the student.

Following guidance from the Royal Society of Chemistry™” a
Professional Body which accredits our degree programmes, the
placement is now a credit bearing activity and comprises 90
credits of the fourth year of the five year Integrated Masters
programmes at Strathclyde. The remaining 30 credits from this
year of study consist of distance learning modules in Inorganic,
Organic, and Physical Chemistry to ensure students remain
engaged in their studies.

Our industrial partner portfolio currently numbers over 30
national and international companies as well as a number of
government organizations, charities, other universities, and
research establishments. The Placement Team places around 60
students each year into positions aligned with their subject
specialization and interest.

In the past decade, an alternative to the placement to address
the needs of particular students was required, and the
“Chemistry Clinic” was established in September 2013.*

Project Design

The Chemistry Clinic was created by John Liggat and Debra
Willison and operational details have previously been
published.”” This was in response to a noticeable increase in
the number of students wishing to develop their business and
commercial skills as well as their chemistry knowledge. There
was also recognition that an alternative to the traditional
placement for carers, those with young families and international
students with visa issues who could not relocate for an external
placement was required. Chemistry Clinic participants engage
from a departmental base but interact with industry to provide
solutions to their real world problems. This addresses potential
barriers which some international students®® or students from
low socioeconomic backgrounds,” might meet if they were to
relocate to a traditional external placement. The development of
the Clinic was driven by three clear aims:

e Assessment had to be authentic

e The Clinic should enhance the development and
reflection on students’ employability skills

e The Clinic should address Higher Education’s Knowledge
Exchange agenda

Authentic assessment is described in many ways but is often
seen as the merging of “what happens in the classroom...replicat-
ing the tasks and performance standards typically faced by
professionals in the world of work”.>****" The practice of
utilizing what is learned in the classroom and applyin§ it 4tf real-

" The

> . 1
world issues, is supported by many researchers.
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discussion has also been extended to include assessment with a
‘professional focus’* that is based on these real-world scenarios
and allows students to provide their reflections on the
authenticity of their assessment. This definition of authentic
assessment as focusing solely on work has, however, been
contested*® and a broader notion of authenticity has been
suggested. There has been a shift in the focus on students being
involved in a real-world problem scenario alone to focus on
where such scenarios sit within a wider societal setting. A key
consideration for the Chemistry Clinic was that not only would
subject specific skills be developed but also a wider skill set,
which could be utilized by those pursuing careers not directly
related to chemistry and/or could be applied to other aspects of
life outside the workplace.

While authentic assessment supports the transition from
study into employment,*” it can also enhance student well-
being,*® improve commitment and motivation*’ and increase
the development of higher-order cognitive skills.>* Indeed, it has
been claimed that it improves autonomy”" and self-reflection.>”

It is not uncommon for industry colleagues to seek support
from the Department to resolve problems or difficulties they
may be facing. Staff often do not have the time to become
involved in finding solutions for these problems, and valuable
opportunities that could lead to larger income generating
projects are lost. The Knowledge Exchange (KE) agenda® > in
Higher Education is a priority for research and innovation across
much of the world. Reviews detailing examples from across the
UK**” and beyond*® indicate the breadth of activity in this
area. Despite the extensive literature,*™®" there is a lack of
evidence of students having a distinctive contribution to KE.
The Chemistry Clinic provides an innovative opportunity for
students to take a leading role and this appears to be unique in
Chemistry as any other clinics described in the literature relate
to medicine®” and health care delivery.**

Desired Outcomes and Methodology. The development
of the Chemistry Clinic addresses the following pedagogical
goals.

(1) Does the Chemistry Clinic affect progression to
postgraduate research study in Chemistry or aligned
areas?

(2) Does the Chemistry Clinic have an effect on student
learning outcomes related to employability?

(3) Does the chemical industry value the technical expertise
of students in the Chemistry Clinic?

Initial Start-up and Operation. The first Chemistry Clinic
student team successfully secured competitive funding of £10K
to support the inaugural year of the Chemistry Clinic in 2013
and a Knowledge Exchange Associate (KEA) was appointed
using this funding to supervise the team.

Companies send a general enquiry directly to the Department
or contact is made through Interface,®* Scotland’s business
support network. Interface, established in 2005, is a hub aiming
to connect businesses with universities, colleges, and research
institutions. The University of Strathclyde also hosts an annual
Engage with Strathclyde event,” where industry can find out
more on the services of the Chemistr;r Clinic. Further details on
the practical operation of the Clinic’” are outlined in a separate
textbook.

B FUNDING

The Chemistry Clinic was designed to be a financially self-
sustaining enterprise. For some companies, this is straightfor-
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ward as they can pay from existing budgets, but others have
limited or no funding available for any type of development
work. There is a potential solution for companies based in
Scotland with the ‘Innovation Voucher’ scheme which Interface
facilitates. This links small- and medium-sized businesses with
an academic partner. Grants of between £1000 and £5000 are
available to cover any associated costs, and the company is
required to make an equivalent contribution. The Chemistry
Clinic has been highly effective in securing funding in this way.

Assessment

As an induction activity, the students complete the ‘Wheel of
Expectations’ (based on the ‘Wheel of Life’ credited to Paul J
Meyer) as illustrated (see Figure 1).

Figure 1. Wheel of Expectations.

The students are asked to indicate for each of the categories
where on the wheel they feel their ability currently is, from ‘0’ in
the center to ‘10’ on the outside. They then revisit this at the end
of the Clinic and can reflect on the changes that may be in each
of the categories.

There are three further summative assessment activities
associated with the Clinic: a literature review, a reflective essay,
and a skills matrix.

Literature Review

This assessment is aligned with one of the first client projects
that students undertake. At the weekly progress meetings with
their supervisor, students are provided with support in this
process. As the assessment takes place relatively early on in the
Clinic’s activity, reflection on feedback on students’ writing and
reviewing skills allows them to enhance their skills in this area as
they progress. The literature review is graded (see Supporting
Information) by their supervisor and makes up 20% of the
students’ final grade.

Skills Matrix
The Skills Matrix is shown in Table 1. The Matrix is used as a

tool in the weekly progress meetings so that students gain
teedback on their progress and can be supported to do better in
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Table 1. Assessment Skills Matrix

Category Score

Leadership and Collaboration
Attitude, conduct, timekeeping
Ability to use time and organize X

Communication and Client Engagement

Interaction with Clients
Communication

Synthesis and Understanding
General chemistry knowledge X
Specialized work knowledge
Practical ability

Innovation and Creativity

Innovation and creativity
Need for supervision
Total

any particular dimension where they or their supervisor have
concerns. Additionally, students can identify skills they wish to
improve or develop for a specific career path during these
meetings, and this will be incorporated into their tasks. The skills
matrix contributes 70% to the students’ final grade.

Reflective Report

The opportunity to produce technical reports for clients will
present themselves throughout the time that students are
engaged in the Chemistry Clinic. The final report therefore is
reflective and asks students to reflect on their time in the
Chemistry Clinic and how they have developed their wider skills
set. This supports the notion that participating in reflective
practice can enhance their appreciation of their own professional
development.*® This assessment also addresses the challenges
outlined by Galloway'® and Hill et al."’ of students’ lack of
perceptions of these skills and their usefulness as they can make
direct connections between the skills they have employed to
address the problems they have solved. The reflective report
contributes 10% to the final grade, and assessment criteria can be
found in the Supporting Information.

B METHODOLOGY AND ETHICS

To evaluate the impact of the Chemistry Clinic on the skills of
the students, a survey was used to gather insights from
participants who have engaged with the program. These results
were unreported in any previous publication.’’” Ethical approval
from the University was granted and ensures protection of the
rights, dignity, and well-being of all participants. Prior to data
collection, all participants received information about the
study’s purpose, procedures, and potential risks. Informed
consent was obtained from each participant, ensuring their
voluntary participation and confidentiality. To protect partic-
ipants’ privacy, all data was anonymized during analysis and
identifying information was removed. The questions in the
survey were designed to be value-neutral and not to suggest to
participants that their answers are “right” or “wrong”, thus
ensuring bias did not affect student responses.

B RESULTS AND DISCUSSION

The first pedagogical goal was to identify “Does the Chemistry
Clinic affect progression to postgraduate research study in
Chemistry or aligned areas?” 38 students have progressed
through the Chemistry Clinic since its introduction in academic
year 2013/14. As already mentioned, students are registered on
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a range of degree programs and therefore have differing
backgrounds and specializms. The jigsaw learning they
experience in their multidisciplinary teams®®~®® supports the
development of their communication skills®””® and knowledge
retention”" as they progress through the Clinic. The students
also gain experience of working as part of a team and, in some
instances, taking on a leadership role, which supports their future
career aspirations.

It is expected that there would be 4 students each year
although in some years there have been more students (2015/
16,2018/19,and 2021/22 had 8, 5, and S students, respectively)
and in other years less students (2016/17 and 2017/18 had 3
and 1 students respectively). It should be noted that while the
Chemistry Clinic was established in academic year 2103/14, the
first cohort having passed through the Clinic graduated in
academic year 2014/15. There also has been a change in
reporting of graduate destinations through the Higher
Education Statistics Agency (HESA) and figures for 2021/22
and 2022/23 are not available. A comparison of the average
percentage of students who progressed to postgraduate study
(defined as a research degree in a Chemistry or aligned area)
from the Chemistry Clinic during the 2014/15 to 2020/21
period compared to the total number of students who have
progressed to postgraduate study from the three programmes
listed above’” is 48.2% compared to 41.1%. This could indicate
that the experience of participating in the Chemistry Clinic may
be influencing students to consider a research career in their
future, although the transferable skills students also gain through
being part of the Clinic will equip them with competencies to
succeed in a wider range of careers.

A thematic analysis approach was used to identify and
interpret themes which arose from the data set collected from
the survey completed by the students, following Naeem et al.
step-by-step process.”” This proved challenging due to the small
sample size however quotes, reused from a previous
publication,”” which bring the data to life were selected and
were designated by identifying recurring themes. The following
quote indicates the effect that the Clinic has had on student
choice.

My time at the Chemistry Clinic was invaluable. I was able

to gain a key insight into working as a scientist while also

being introduced to business and marketing considerations.
Working alongside PhD students also gave me a greater
understanding of what to expect and why I should and will

go down this path.

Chemistry Clinic Student, 2017
The second goal was “Does the Chemistry Clinic have an
effect on student learning outcomes related to employability?”
To date, all students who have participated in the Chemistry
Clinic have successfully passed the module with marks ranging
between 51 to 89% with an aggregate grade of 71.1%. Individual
aggregate grades for the literature review, skills matrix, and
reflective essay were 78.9%, 68.7%, and 72.3%, respectively.
Students performed well in all three activities with the score for
the skills matrix being of the lowest value. This could indicate
that students felt more comfortable with the written assessments
they are more familiar with; however, it is clear that their
transferable skills were also improved during the module.
Information gained from student feedback also indicated that
involvement in the Chemistry Clinic enhanced their employ-
ability skills. They recognize the value of consolidating and
applying their previous knowledge to current activities, helping

them to understand what direction they would wish their future

career to take.
The Chemistry Clinic has allowed me to develop and driven
me to achieve my goals. Applying the knowledge from the
earlier years of my degree has really helped me consolidate
what I know, and I am confident that I will perform to my
best ability in final year because of this experience. This year
has taught me what I want to do in the future.

Chemistry Clinic Student, 201S.

Building on this development, they also recognize that their
confidence in a range of wider skills has grown.

I feel my decision to join the Chemistry Clinic has been one
of the best decisions I have made in my life. It has given me
the opportunity to further develop my practical skills and
put to use the scientific knowledge I had previously learned
on my course. The opportunity to work alongside PhD
students and senior researchers on client projects was my
favorite aspect of the Chemistry Clinic, this also gave me a
great insight into the work I would be doing in my final year
project, and it allowed me to explore the opportunity of a
PhD. The past nine months have had a huge impact on my
personal growth, I am now much more confident in myself
and that is thanks to the constant development in my group
working and presentation skills.

Chemistry Clinic Student, 2021

My year at the Chemistry clinic has definitely been the
highlight of my degree so far. I've been able to learn and
develop many skills for client meetings, presentations, and
problem solving. My favorite part is that I have been given
so many different opportunities during this placement that
I'm not sure I would have received anywhere else. I would
recommend the Chemistry Clinic to anyone who wants to
use problem solving and experiment every day.

Chemistry Clinic Student, 2019
The industrial placement is a paid position and will therefore
remain the first choice for many students; however, the
Chemistry Clinic provides the preferred option for a subset of
students who cannot participate in an industrial placement for a
range of reasons and therefore has a significant role in supporting
the Department’s KE activity and will continue. There is no
expectation that the number of students participating in the
Clinic will rise above double figures in future years. To date,
every student who has applied to join the Clinic has engaged in
an interview process and has successfully been assigned a place
on the program.
I have thoroughly enjoyed my time at the Chemistry Clinic,
it has been a fantastic experience. My favorite aspect of the
Chemistry Clinic has been the technical projects where we
get to collaborate with all sorts of different clients. A
particular highlight of my year was when we got the chance
to go on a business trip and meet one of our clients in
person. As well as developing a wide range of practical skills
through working on technical projects, I have also been
involved in various outreach activities that have greatly
benefited my communication skills, particularly public
speaking. It has been a truly unique and memorable
experience.

Chemistry Clinic Student, 2018
The final goal was “Does the chemical industry value the
technical expertise of students in the Chemistry Clinic2”

2706 https://doi.org/10.1021/acs.jchemed.3c01319
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The inaugural Chemistry Clinic year in 2103/14 proved to be
successful. The Clinic secured four contracts with industrial
partners, with the income generated offering a rate of return of
over 200% on the University’s original funding. This encouraged
the Department to make the role of the KEA permanent to
successfully support the activities of a sustainable Clinic. The
Clinic has a regular annual turnover of around £35,000.

More than 40 companies (see Supporting Information) have
benefitted from the Clinic’s services where the company has not
had the knowledge and/or research skills to solve a problem they
have encountered in their business to which the Clinic has found
a solution. These companies range from one-man businesses
through SMEs to multinational conglomerates. An example of a
successful project is given below. Others can be found in the
Supporting Information.

B ZING ORGANICS

Feedback from companies has been overwhelmin%ly positive
and an example, reused from a previous publication,3 of where a
chemical problem has been solved is detailed below.

Zing Organics specializes in producing candles that have
naturally sourced ingredients. This company was keen to find a
way of establishing that their candles were ‘asthma safe’ and a
project was agreed upon which was focused on certifying that
their candles were phthalate-free. Phthalates are commonly
included in synthetic fragrances and have been linked with
various adverse health effects.”*

The students devised a testing regime and analyzed the
candles supplied by the company. They then embarked on a
program of work to test the individual components and
ingredients, and no traces of phthalate were found in the natural
products used by the company. Following this, the team
employed a systematic overview of the entire manufacturing
process, including all packaging and handling processes, and was
able to isolate and eliminate the source of phthalate, which was
found in some of the plastics used in ingredient handling. This
success has led to a long-term working relationship between the
company and the Chemistry Clinic, with the company founder
commenting:

We learned a great deal about aspects of quality control,
including the development of tighter relationships with
suppliers. This led to new protocols being rolled out in our
workshop. As a start-up business, it was a great benefit to have
the support of the Chemistry Clinic. This helps leverage Zing
Organics as being truly committed to ensuring the well-being of
its customers. As of 2022, our organic skincare is now our main
product line, and we are currently in discussions with The
Chemistry Clinic to be able to give us an early indication of the
outline SPF efficacy on a new tinted makeup cream. This is
before we decide to take the product through potentially
laborious and costly compliance. I would encourage any
company of any size to run any research ideas past the
management team at The Chemistry Clinic.

B CONCLUSION

In conclusion, all three goals have been achieved. The
percentage of students progressing to postgraduate research
study in Chemistry or a related area from the Chemistry Clinic
was higher (48.2%) than the percentage of students from the
remaining cohort who did not participate in the Clinic. This is
further supported by student feedback commenting that they
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had been influenced toward research study due to their
experiences in the Clinic.

Based on students’ comments of their experience and
successful continuation of the Chemistry Clinic we believe we
have created a sustainable triple helix activity which has had a
positive effect on students’ learning outcomes related to
employability. Students feel more confident in their communi-
cation skills and recognize the importance of those skills in a
working environment. The funding the Clinic attracts is
sufficient to cover the costs of the KE Associate and the
experimental costs and also pay the students a nominal stipend
of £500 per semester. While this in no way matches the salary
associated with an industrial placement, students who have
opted for the Chemistry Clinic do not have to make any changes
to their accommodation or commute to University and have
been content with this amount.

For the third goal, based on the level of industry involvement
(44 companies) and the positive feedback from these
companies, we believe we have gained recognition from the
chemical industry as a valuable source of technical expertise and
acknowledgment of the vital role which students play in
providing this expertise.

B LIMITATIONS

One limitation is that the number of students involved in the
Chemistry Clinic each year is not consistent, and it could be
argued that when there is a smaller group involved they do not
benefit as much from collaborative working as those in a larger
team do. We can mitigate against this by ensuring that our
advertising materials emphasize the benefits students will gain
from being part of the Clinic.

Another limitation is that there is no control over the type of
project that comes to the Chemistry Clinic and subsequently the
experience of the students involved will vary from project to
project. We do provide a list of expertise to employers, however,
so that they understand which projects we are most likely to be
able to support.

B IMPLICATIONS FOR PRACTICE

The data in this article and an earlier publication®” may provide
details for other Chemistry Departments to consider introduc-
ing a Chemistry Clinic activity into their own degree
programmes. Additionally, this model lends itself to other
disciplines and could easily be adapted to Engineering, Law, and
Social Sciences.

B ASSOCIATED CONTENT
@ Supporting Information

The Supporting Information is available at https://pubs.ac-
s.org/doi/10.1021/acs.jchemed.3c01319.

Assessment, company list, and successful industrial
projects (PDF, DOCX)
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