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Diversity in STEM: An Overview

 Why do we need it?

 How did | embed it in my modules?

« What did students say and what impact it did it have?

» Conclusion remarks and next steps
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Need for Diversity in STEM

STEM subjects usually taught through memorisation and repetitive application of formulae

« Often limited emphasis on historical aspects and contributions by diverse individuals

» If done, mostly confined to white, male, European mathematicians/scientists/engineers

« Consequently, very few students relate to these STEM figures (no role models)

« Adds to the stigma that studying STEM is esoteric, inaccessible and difficult
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How did | embed it in my modules?

» Student-staff co-creation of teaching toolkit with current undergraduate students

« Teaching toolkit comprising short biographies and visual posters of both historical and

present-day 'STEM champions' from diverse and under-represented backgrounds

(e.g. African, Islamic, Asian, female, disabled, LGBTQ, those with non-traditional pathways)

« Implemented in two large (300-400 students each) first and second-year

undergraduate applied mathematics modules for engineering students

« Embedded as asynchronous non-assessed resources alongside course content
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v Making Diversity 'Count': Profiles of STEM Champions (RS)

Motivation

The profiles of past and present diverse individuals provided below form part of an ongoing scholarship research initiative to diversify STEM curricula being undertaken by Dr.
Rehan Shah in SEMS with collaborators from the School of Mathematical Sciences at QMUL. These are designed to increase students’ awareness of diverse representation and
provide positive role models through exposure to mathematicians, scientists, and engineers from under-represented backgrounds (female, disabled, and queer) and non-
traditional pathways in academia and industry.

If you are more interested in this area and would like to engage in it further, please get in touch with Dr. Shah.

Task
STE M C h am p i ons Flease engage and have a look through these materials and then provide your feedback by completing the surney below by the end of Week 10 (Friday 2% March 2024).
: E Biographies of STEM Champions Completion ~
Mary Somerville (1780 - 1872)
Peter Landin (1930 - 2009)
m Feedback Survey Completion ~

Nira Chamberlain (1969 - present) Cuared: Sotundan: 1
Gladys West (1930 - present)

Sofia Kovalevskaya (1850- 1891)

The ENIAC Six: Betty Holberton, Jean Jennings Bartik, Kay McNulty, Marlyn Wescoff and Ruth Lichterman and
Frances Bilas Spencer I

igust 2024, 300 AM  Closes: Windnesday, 30 Dctober 2024, 4:00 FM
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Mary Somerville (1780 - 1782)

wus to Britain,

X Queen Wy

n a5 the Queen of Sclence

"Whatever difficulty we might experience [...] in choosing o King
of Science, there could be no question whatever as to the Queen of

Science." -

The Morning Post 1872

A Scottish weiter and Polyrmath who i dubbed as
the worlds Trst ever scientis? as well 25 one of
the fist female members of the Royl
Astronomical Sockty. Awarded a siver medal in
1811 for sobving the Diophantine problem, which
Inchude Fermat's Last Theooern', thought 10 have
been ursdivable for 400 years, In addition 1o this,
she can be credined with being coe of the fiest
pecple 10 supgest Neptune's exatence and
mensoning Aca Lovelace,

Somenilie grew up 25 1 of §, and uniike her brothers, &id not ceceive foemal schooling as
8 young child. Only being taught to read by her mother but met 1o write, Her fiest
inneraction with science came from her an teacher who ntoduced hee 10 Euchds
Eloments’, In 1817 she was introduced 1o the works of Laplace, Polssen and  Poinsot
whilst visiing Paris, Foliowing this visit, Somenvilie used her connections in Paris 50 bring

these concepts to Britain

e

Aside from his work a5 a
COMPUie  programmes,
Landin was 3o an active
carguigner  for  LGBT
Fights and was a member
of the Gay Uideration

Peter Landin was a pioneenng British
computer scientist whose work in the
19605 1aid critical foundations for the
development of programening
languages. Known for his contributions
to the theory of peogramming
languages, Landin introduced key
concepts such as the SECD machine,
the first abstract machine for lambda
calculus, and coingd the term “syntactic

wgae” He innovative ideas greatly
Inflyenced the design and
implementaton. of many modemn

programming languages, cementing his
legacy as a visionary In the Beld of
COMpuiter science.

Peter Lander aimed to Create

Dr Gladys West (1930 - Present)

R PROGRAMMER (RS
*1 hod to be the best thot I could be, [. . .

@ Queen Nery
—

D WATH THE INVENTION OF THE GPS

] Always doing things just

right, to set an example for other people who were coming behind

Bom In 1930% Vinginla, West
feit certain she would Sollow
in the footsteps of her
parerts, 3 wodk in the farms
a7 0DLO plams, however
her  determination  and
aptitude for maths aliowed
for her to pursue 3 career in
computer programming and

me.”
The work of Gladys West enabled the creation
of the GPS, This was done through her analysis
of satelite altimeter data from the NASA
Geodesk Eacth Orbiting Programme. This was
the foundation of her work to programme an
acurate peopotential model of the eanh, a
Geoid, This model then served a3 the basis of
the GPS. Her complex algocithms were able to
account for a8 factors impacting the shape of
the Earth and ks imegutarities.

her work in 2018 ' more
recent tenes being known
¥ 3 'Mdden Figwe' In
history, However, she did

= nEuR s not bmit not im for recogniton only
'Age has not abated my Froet during the 1970%,  08u3ge that wis not Smited t e ‘ )
Firs used In prnt in 1834 in Wilam Whewells  zaaf for the emancipation following the separation  Dvt could be wied across MO X =
review of Somenilie's work, * The ¥ marufacturers. To  achiove he employed Notably eaming her PhD in
OO fom hs wife In 1973 Gadesting  bom  Viegies o
Connedon of the Physicl Scionces” of my sex from the o hus a5 the loundation fot & hew csating 80 N9 public adminstration and
unreasonable s d s from ks he State in 1955, following 3 policy afairs at the age of Awacds
computer  science  was : OO it 1 eacher i - Inducted
Somes/ile was the first pesca o be dubbed 8 prejudiice too prevalent in triggered by his betief that i u,mm .::“ ’.‘r.;i“w.-r: FERALS i 177?:?,"\;&6 mfﬁ
‘scientist’ in print, 3 hes work was becoming 50 g ’ computer  scince  has tC Rrge A e ey, RN p
Spanie 10 the sandend s o ihe Great Britain against o 5 idea syntax notation. 1SAIM n'-:v;l by the U S‘Ngy. Foece Hall of Fame
i by P literary and ) 4 the ge-.«mm(-- of lasguagos e LISP, where was one of four
:«mﬁ:d philcscpher’. She was 2 revalutionady in kot u%cation for :o:dusw on profit wvg ux‘ .md Sreripparbeim :v“‘:“‘«;‘:‘o e black empioyees. Mer work | have realised my 2018 - Female Alumra
" m'“ b{,om eaoduction of Lasdn ude R = here Imobed: determineg  dreams ond reached of the Year at the
p - . women . ’ PEeNLAtoN rke COMmondy ahon. Thes fule the movements. of Piuto in a height beyond Hstorcally Buack
- ‘; o -—v». e e e wopht Sl 3 was Getaled In his poy Nez 700 relation 50 Neptune, project 25 Colieges and
S A B bt oy M o Dl tpna o SOmendlie had to work hatd to gain S e ot U el <acial . foz manager of SESAT (a sanelite  What / onticipated. | Universities Anands
~E ::__‘:: :, £ ‘1 g ’,:“o;r« b,m SO N A maintaining code structure and s used o provide daa o0 encourage young
L e an Pl WS 0% ot iex chlier, o UL b oy oceancgraphic  conditions,  women to believe in 2018 - Ore the 88C's
wiake A w _q_L S S under the pseudonym, ‘A Lady’ to s like Landin's legacy is left by the aschives in the and then cvertally the If. find 100 Women
etAvs o f~ e b e .,.«... Sy Sv0id scruting, She even descrived Bodielan Lideaey In  Odord containing o developmest of the mappleg  YOUISel, Jind your
WTETIINC VAR alaid her husband a5 having ‘s very. low archive of all of Landin’s work. There is also of the Geokd passion, work hard 2021 - The first female
opirion of the capacity of [her] sex an annual seminar entitied the * Acoual Peter and apply yourself 10 be awarded the
Landin Semantics, Seminar’ as well as the [...]and most of all - Prince Philip Medal by
Nways keen liberal she was the first Peter Landin buliding at  Queen Mary ® 0] 7 the Royal Acadesny of
wppoter of Ml's petition to Unhversity of London which is home to the e 1 follow your dreams Engineering (the
Pariament to grant female suffrage computer  science depaament of the € N highest individal
25 well 35 advocating for abolition of university, ® honour)
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Student Feedback Survey Responses

(1) Were you aware of any diverse mathematicians before coming across these biographies?

‘Before reading these biographies, | was not aware of any diverse individuals within the STEM sector. The large majority
of mathematicians/scientists/engineers that | knew were of white-European origin.”

‘l was not aware of the diversity in the STEM industry. As a person of ethnic minority studying engineering, | was pleased
to see representation in this industry."

“l was surprised that | never heard about Gladys West (African American mathematician) or the six ENIAC (Electronic
Numerical Integrator And Computer) women programmers’.

(2) What did you find most enjoyable or interesting about these resources?
‘I like that it shed light on people who deserved as much recognition as their more famous counterparts. It is
heartening to see their stories being actively searched for despite falling towards obscurity for decades."

‘I found it interesting to learn about the challenges women faced in the academic world and how much harder they
had to work than their male counterparts in order to be recognised for their achievements.”

“The video QR codes, achievement sections, quotes, and cohesive theming between the different people is what
stood out to me the most.”

“How these resources bring together rich, multi-dimensional narratives of individuals whose technical achievements
are interwoven with their personal journeys and societal impact.”

*
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Student Feedback Survey Responses

(3) Have these biographies made you want to learn about the contributions of diverse mathematicians?

“Yes - these biographies highlight the rich and varied contributions of individuals from diverse backgrounds in STEM,
underscoring the importance of inclusivity in science and mathematics. Each story brings a unique perspective, showing
how overcoming personal and societal challenges can lead to significant advancements in their fields.”

“Yes, it makes women motivated as we rarely hear about their contributions in STEM, so reading these biographies made
me very proud.”

“I do not particularly want to learn more about people only based on their diversity, | would rather learn about
individuals that are committed to their field and passionate about their jobs and life regardless of their ethnic background. "

(4) Would you like such material to be introduced in a classroom setting e.g. in lectures or tutorials?

“Yes, it would be nice to mention the contributions from individuals not recognised in history. For example, if we had a
classical mechanics lesson, Sofia Kovalevskaya’s work on the spinning top could be mentioned.”

“l suggest incorporating elements such as discussion prompts or quizzes to increase user interaction significantly.
Additionally promoting a section dedicated to STEM projects could drive community engagement and participation.”

‘A quick mention and short introduction would be enough and students can use their own time to check out the
resources available.”

*
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Student Feedback Survey (n = 196)

(5) These resources made me want to learn more about diversity in STEM. Choose the most appropriate response.

I Responses

Responses
Strongly Disagree .
7 (3.57 %)
Mostly Disagree -
12 (6.12 %)
Neutral
48 (24.49 %)
Mostly Agree

91 (46.43 %)

Strongly Agree

38 (19.39 %)

0 10 20 30 40 50 60 70 80 90 100
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Analysis of Student Feedback

* Most students had not previously heard of diverse STEM individuals (if at all, only in a

secondary school setting, not at university — usually also through films and books)

Minority and female students resonated more strongly and motivated by materials

Suggestions to increase engagement through discussion forums, quizzes and projects

Most students highlighted strong need for such resources, respite from technical content

*
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QMUL-OU Student Focus Group Findings (n = 10)

(1) In what ways would you like to see diversity emphasised?

* introduce in lectures in a relevance-focused manner (e.g. formative Kahoot quizzes)
* more conversation needed to supplement developed resources (e.g. posters, videos, speakers)
* link in with professional STEM skills courses at university (e.g. reading week, advisor sessions)

(2) Are there ways in which emphasis on diversity is unhelpful?

+ present individuals as humans, in a celebratory, yet realistic manner
* mention challenges faced to give students a sense of identity, avoid controversial parts as taglines,
» Little and often could be the better approach (gradual changes vs. aggressive pushes)

(3) How can these resources help you be a better mathematician/engineer?

* inclusivity very important for group dynamics and teamwork
* very important to educate students to be more empathetic and accepting of diversity
* help in reducing sexism in workplace, spreading cultural awareness and religious tolerance

(4) Should these resources form part of any assessment?

* no, as becomes a ’one-time thing’ rather than an ongoing discussion (formative > summative)

‘r,_@ Queen Mary

University of London




Impact Highlights of Project

* Increase in module student satisfaction results over 2 years (from 67% to 82%)

« Student-staff joint presentation and panel at QMUL Inclusive Scholarship workshop
» Presentation with students at Posters in Parliament event at the House of Commons
« Poster received ‘Best Innovation Poster Award’ at the QMUL Festival of Education

 Part of UK History for Diversity in Mathematics Network’s online repository to share
resources with other staff (internal and external)

« Student co-creators awarded QMUL Student Enhanced Engagement and
Development Award for contributions to curriculum and educational development

«  Work nominated for QMUL Education Excellence Award and to be part of larger Science
and Engineering Faculty’s university-wide QS Reimagine Education Awards submission
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Conclusion and Next Steps

« Complete analysis of focus groups discussions (audio transcription, thematic analysis)
» Submission of a mathematics education journal research paper (with Open University)
« Iterate toolkits based on feedback, explore possibility of video interviews
* In-person discussion sessions with all students in ‘Reading/Skills Week’

» Expansion of resources to global context (TNE education campus in China)

QMUL Toolkit (Dr. Rehan Shah): ‘Making diversity count’: inclusivity in STEM curricula
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Thank you for your time!

Please feel to get in touch with me at rehan.shah@amul.ac.uk
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