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University of Derby (UoD)

UNIVERSITY OF

DERBY

* Derby: Birthplace of the Industrial Revolution
* Industry: Planes, trains & automobiles (Rolls-Royce, Bombardier, Toyota)

The University

* Top 10% in the Knowledge Exchange Framework (KEF, 2021)
‘Working with Business’and ‘Local Growth and Regeneration’

« Awarded Gold in Teaching Excellence Framework (TEF)

» Key strengths: Business, Engineering, Hospitality, Computing

What makes Derby special
« Student centred (BBC)
 Employer engagement

* Research inspired teaching




Dedication to my mentors

Nicu Popovici, Convex Analysis Preda Mihailescu (left)
Doru Andrica (right)
Catalan’s conjecture




What is mathematics?
Roger Bacon (1214-1294): “Mathematics is the key and the door to the Sciences"
Galileo Galilei (1564-1642): "The Universe is written in the language of mathematics”
Martin Luther (1483 - 1546):
"Medicine makes people ill,

mathematics makes them sad,
and theology makes them sinful.”

Einstein:
"Do not worry about your problems with mathematics... | assure you that mine are far greater."

G. H. Hardy: "There is no place in the world for ugly mathematics."

How big is Mathematics?
Check out MSC2020



Maths concepts: Dimension

N < X

[=|IL] .

0 1 2 3 4 #Dim

By NerdBoy1392 - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=5514315




Fractals
@ Self-similar patterns

@ Mandelbrot (1975): "fractus” (latin: broken, fractured)

@ 'beautiful, damn hard, increasingly useful. That's fractals.”
Sierpinski triangle Conclusion
" @ /ero area
@ Infinite perimeter

@ Question: What is the
dimension ?

@ Hausdorff:

log(3)
2() ~ 1,585

Ao aria of the original triungle
Po perimeter of the original triangle

3 3 n
Al =-Ao,....An=1| = | Ao
e a= ()

3 3\"
Pr=—=-FPy,...,P,= (2) Po.



From zero to Infinity

Beginning:
e Antiquity: Actual/potential infinity, Arhimedes, Euclid (primes)
e John Wallis: oo (1655)

Infinity in nature and poetry/theology

e Number of atoms in the Universe: 1078 — 1082

@ Number of possible chess games: 1040

Sets: Naturals (IN), Integers (Z), Rationals (Q), Reals (IR)
Cardinal: Number of elements. Finite/infinite sets

Paradoxes of infinity: The "battle” of cardinals

{0,1,2,3,...} wvs. {1,2,3,4,...} "co=00—1" f(n)=n+1
{1,2,3,...} vs. {2,4,6,...} "oo =00/2" f(n)=2n
N vs. Q "00 = 00 X 00




Rational numbers are countable (G. Cantor, 1874)

Sets:
e Natural numbers N: {0,1,...,}
e Rational numbers Q: fractions

Conclusion: Rational numbers are as many as the natural numbers.
Argument: We can establish a bijective correspondence (1-to-1).

Countability of rationals Selfie with Cantor

Leopold Kronecker: "l don't know what predominates in Cantor's theory — philosophy or theology,
but | am sure that there is no mathematics there.”



Real numbers are not countable (G. Cantor, 1874)

| am far from claiming my
discoveries are due to personal
merit, because | am only an
instrument of a higher power
that will continue to work long
d3 = X30-X31X32X33...X3pn. .. after me, just as it revealed

itself thousands of years ago to
Xor .. Euclid and Archimedes.

Assume that you can count the real numbers.

al = X10-X11X12X13 ... X1n - - .

d2 = X20-X21X22X23...X2p - ..

dn = Xpn0-Xn1Xn2Xp3 - - -

Thereis b= bg.by...b,... cu b, # X,,, N > 1, so, b is not in the list.

Conclusion:
@ N ~ Z ~ Q ~ algebraic numbers No
e N <R N1

(" ] 0,1,2,3,...,ﬂ,...;Ng,Nl,Nz,...

David Hilbert: “No one shall expel us from the Paradise that Cantor has created.”



Education and Mathematics

(

Forbes: “Education's purpose is to replace an empty mind with an open one.’

"t

Educating the mind without
educating the heartis no
education at all.

~ Aristotle

AZ QUOTES

In STEM, the true Art is touching the HEART.



Maths Education approaches

Module leadership (2-3 modules / term)

Innovative practice: Technology

e Textbook + Recordings + Maths Jokes

e E-assessment and numeracy skills training @UoD
* Interactive notes, live polls, peer-learning...

* Blog article link posted in my lecture chat.

5. Engagement

1 The modube challenged me ko o miy best work Doy sgres T |‘ s S

i Eﬂ:‘tﬂ:ﬁlcﬁ?:spumr " ::g ;}rg:;g;ﬂ:minmmrmcdrne!ocng:bge Pa——— ‘l'

lutorials on Theory
and Problems

B. Overall Satisfaction

L3 s RBI% 2N [
E;gzr:e. | am satisfied with the quality of this PP " T S

Talks: TALMO 21 ¢ Advance HE L&T 2021 » ALTC 21 « EAMS 2021 » 40" OCMA

* NSS:100% in 2019 & 2020, 94% in 2021
* TEF: Subject lead for Mathematics (2019)
* Nominated for NTF (2018, 2021)
* Fellow of the IMA (2019-)
* Senior Fellow of HEA (2020-)
» Internationalization in HE

» Technology in Mathematical Education

Y veetta Maplesoft DigitolEQ

Teaching abroad: 15+ Erasmus visits (Romania, Turkey, China — KA107)

Erasmus+



Problem solving

M. Yates: Job < Problem solving skills
Question: Are Maths students aware of this skill ?

The steps of problem solving
("How to Solve It", Polya, 1957):

© Understand the problem.

GREAT

@ Make a plan. ANSWERS

© Carry out the plan. TOUGH

@ Look back on your work. INTERVIEW
How could it be better? QUESTIONS

BTH EDITIDN E"H
v Wpﬂasﬂm
& MARTIN JOHN YATE

Bill Gates: "Now more than ever, an education that emphasizes general
problem solving skills will be important.”



Getting Maths Support right

* Quality maths education improves
» Student attainment and performance
» HE Evaluations: NSS, REF KEF

» Employability AR
@ @Bagdasaro

Boundary Leapers keynotes
on Maths and English
@LandauSCITT. Such a joy
and privilege to inspire
young children, and to work
with the excellent Maths
Mentors from @DerbyMaths
and the Widening Access
team @DerbyUni.
@CharlotteWA_UoD
@DerbyOppArea

5:51 PM - Feb 26, 2020 - Twitter for Android

* Ambition to provide Maths Support
» Maths support for all UoD students and staff |
» Teaching support (mentors & technology)
» Qutreach activities in local schools
» Support the wider society

|l View Tweet activity

5 Retweets 17 Likes



Using digital assessment in mathematics to
improve university-wide student retention

vyahead

Ovidiu Bagdasar a Hyve event Matt Wingfield

o.bagdasar@derby.ac.uk matt.wingfield@e-assessment.com

Sandbox Theatre, ExCel, London eAA
Friday 31st March, 2023 h
UNIVERSITY OF e e-Assessment

DERBY Association




Current issues

1) Apr 2018 — UoD Workshop: “Current issues in Mathematical Education”
2) Dec 2018 — UoD Workshop: "Effective Maths Education: Improving accessibility, reducing anxiety”

Topics: Maths Anxiety, Teacher Development, Assessment, Roles of technology.

Participants: Researchers, Teachers, Vretta, ITS, IMA, Spaghetti Maths

Discussions on how to impact REF, TEF, KEF, NSS,...

Image description: 29 UoD Workshop, Dec 2018

Focus at that time
* Maths Anxiety
e Students & Maths A-Levels (~15%)

The really big question:
How do we support the other 85%?

UNIVERSITY OF

DERBY
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The Numeracy Gap Challenge

UNIVERSITY OF

DERBY

Current Level

Required Level

i 51-,?
p52%7

Attitudes
Myths
Calculators
COVID-19

/
-
[ ] ( ( (

£20 bn (UK, 2019) $90 bn (




The Elevate My Maths Solution

Flexible, Engaging Assessment for Learning

DIAGNOSTIC UPGRADING SUMMATIVE
ASSESSMENT MODULES

ASSESSMENT

ELEVATEMY MATHS (=

EXCELLENCE IN

oo o : e Basic maths for College
8= Vg
students s
. B
g h . . .

P 72 @ 2+4=2 e Fills gaps in prior knowledge

D - =
ol e - e Assessment for learnin
= =B 8

T Vretta

Products: EMM (Canada, UK), Mathematic (Luxembourg), IntroMath, etc.



EMM 1.0 Implementation at Derby (2018-19)

Advanced Numeracy Skills (60 questions) College of Engineering & Technology
S - Mathematics Year 1 (30)
e - Computing Year 1 (130)
Fractions = . Foundation Year O (110)

Percents & Ratios Advanced Operations Algebra

Module KPI’s:

. Engagement: 102 min (Pre-Test), 230 min (Remediation), 46 min (Post Test)
. Improvement: 14% Maths, 17% Year 0, Comp Maths (20% UoD, 39% Athens)
. Pass rate (4CC503): Up to 90%, from 84-85% in previous years.

- Computing Med College (30)

. Student Feedback: “Found it very useful & Srettsidbols ™ .
as | hadn't studied Math for over 25yrs. o

R 1Y
UNIVERSITY OF

DERBY Vretta

3

ELE\/ATE MY MATHS

UNIVERSITY of DERBY

College of Engineering and Technology

ADVANCED NUMERACY SKILLS
CERTIFICATE

Dr Ovidiu Bagdasar

On September 27, 2018

ENDEREY (0 whewwns T vretta

@BagdasarO thankyou so much for the

| had a lot of remedy videos to get wonderful tools in the Computational

th h d - h . mathematics module of my degree the Vretta
rough, ana spent many nours going tools were systematic in helping me get back

through additional learning resources.” into maths at the age of 30 after 14 years

away from the subject ©
3:37 AM - 10 May 2019

Advance HE STEM 2019




UoD - Vretta partnership

UoD: Focused on Teaching Excellence, Research and Employability

Vretta: Canadian EdTech company specialized in Maths training.
“Our vision is a world where everyone enjoys maths” (Vretta Inc.)

2018

First steps,
Pilot Project
300 Students
5 Courses

)
D

[ LLd
UNIVERSITY OF m
DERBY Vretta

Modularization
10 Courses
Feedback surveys

UoD Partnership 2019-2022

2019

2020

Integration in LMS
100+ courses
Numeracy Badges
800 students

ESF Training
SME Upskilling
Case Studies

2021

The University of Derby becomes Vretta’s
first Academic Hub in the UK to Support
Student Success in Mathematics

2022

UoD Partnership 2022-2026
Local collaboration
International Expansion

Rolls Royce Nuclear Academy

¢ D ¢+ TN ¢ TS ¢ RS ¢ TEE—

Pedagogic Research
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Elevate My Maths 2.0

UNIVERSITY OF

DERBY

Modular Design Formative Looping EDI Formative Examples

D1 S1 D2 52 D3 S3 D4 S4 PA
v 3. Measurement
Class Avg for question: 96%
I > > II I) > I I> I > >
| ) .
89% 72% 73% 65% 70% 61% 62% 52% 46% Dlagn05t|c 3

Open 5:00 AM, Tuesday, September 1, 2020
Close 4:59 AM, Friday, July 1

4% Diagnostic 3
Attempts: 1/1
> 1. Properties of Numbers and Arithmetic Operations
Remedy 3

4 2. Decimal Operatlons gren 5:00 AM, Tuesday, September 1, 2020
ose

4:59 AM, Friday, July 1

> 3. Fractional Operations 21%  Metric System of Measurement

21% Metric System Applications
> 4. Proportional Reasoning 21%  US Customary System of Measurement

Conversions Between CFK Temperature Scales

>  Proficiency Assessment

Summative 3

Oren 5:00 AM, Tuesday, September 1, 2020
Close 4:59 AM, Friday, July 1

Innovation through collaboration

Unlimited Attempts (1 submissions)

- Modular design (4-7 Topics)

Topics with diagnostics, remedy lessons, summative assessments

Assessment for learning: Repeatable summative tests (interactive, engaging)

Proficiency Assessments & Digital Badges
Interactive dashboards



Supporting tutors

Dashboard View

Mumeracy Skiks 01 D1 - Fundamenials - Computational Mathematics - Qvidil

Topic Module Complete

v 1. Fractions
Summary Data

Diagnostic 1

Performance by Student

D1 (Comp Maths 2020-21)

~ Open 12:00 AM, Monday, August 30 ® (Rl) 174: Engagement
Close 11:59 PM, Friday, December 30, 2022 Diagnns tics o1 02 03 04 .
T T e (S4) 128: Achievement
Attempts: 1/1 60% - 79% .
o - oo 8% 7% 5% 6% e (PA) 74: Completion
W 29% or less
Upgrading 1
Open 12:00 AM, Tuesday, August 31 Remedies R1 R2 R3 R4
Close 11:59 PM, Friday, December 30, 2022 )
| , | I o or moee e KPI's at a glance,
i Introduction to Fractions B - 79%
100%  Simplifying Fractions m s o clickable dashboard

e Q9

Equivalent Fractions
Multiplying and Dividing Fractions
Adding and Subtracting Fractions

W 2%% or less

features to get more

Summatives 51 52 53 54 H
100%  Applications: Fractions gra NnuU Ia r d etal I as
Multiplying Fractions I 50% or more .
B0% - 7%
Dividing Fractions —niagits 82% 77% 75% 65% requl red.

Summative 1

= Open 12:00 AM, Tuesday, August 31

Close 11:58 PM, Friday, December 30, 2022

Summative 1
Unlimited Attempts (1 submissions)

55%
C

W 2%% or less

Proficiency
Assessment

B 50% or more
B0 - 705

ontact Us ¥

PA




Impact in the classroom: EMM Case study

> 4CC503 Computational Mathematics performance
> KPIs: First pass rate (40%+),

“good grades” (60%+).

4CC503 Computational Mathematics Module reports EMM Impact
Stud No | 1st Pass (>=40%)] AB (>=60%)[ 1st Pass (>=40%)] AB (>=60%)
2015-16 168 140 99 83% 59%
2016-17 148 125 90 84% 61%
2017-18 133 115 77 86% 58%
2018-19 Al 122 108 71 89% 58%
EMM 107 99 69 93% 64%
201920 [all 180 160 131 89% 73%
D1 148 139 119 94% 80%
D1&D2 123
202021 [all 159 141 112 89% 70%
D1 137 125 101 91% 74%
D1&D2 113

Numeracy training can help students
build immunity against course failure.

Badge

ELEVATE MY MATHS
D1 - Fundamentals

NUMERACY SKILLS

NUMERACY SKILLS

v

Social Media Share

5’



Impact outside the classroom

Delivered the @DerbyUni course "Getting to Grips with

Data: Numeracy and Problem Solving Skills" to

@Sadaccalimited in Sheffield, and got my own badge.

openbadgefactory.com/vl/assertion/5... @
The courses are free, and sponsored by the ESF
project. #OpenHouseBadgeFactory @DerbyOppArea

----------------

8:00 AM - Apr 11, 2022 - Twitter Web App

Rolls-Royce
Nuclear Academy

European Union ‘S&
epartment

European Clrtl'lefshlin for Work&

Social Fund parneith | Pensions

“The course was really powerful and practical. It helped me to
refresh my numeracy skills whilst teaching me how to apply
mathematical concepts to solve workplace problems. I believe

everyone in business would benefit from learning these skills.”

SADACCA

Olivier Tsemo
Chief Executive Officer, SADACCA

ORGANIZATIA ROMANILOR
DIN EAST MIDLANDS

UNIVERSITY OF

DERBY

GETTING TO GRIPS WITH DATA

ELEVATE MY MATHS

Recognition of
Innovation: 2022

BEST
>_§'/‘< FORMATIVE
/’V ASSESSMENT

PROJECT
e-Assessment

Awards 2022

QN

FINALIST S



EMM Footprint

Canada
USA

UK
Sweden
Portugal
Greece
Romania
Israel
Ethiopia
Thailand
China



Develop@Derby

Develop@Derby is your one-stop shop for building personal

skills that help with your university studies and beyond.

Preparing for Study B

Maths and Numeracy B Acadermic Wellbeing B

/ Maths & Numeracy Support \

o 70+ modules, 3000+ students, 700+ badges
« Math Skills MOOC for UoD Applicants

\.» SME Upskilling for the workplace (ESF) %

/ Pedagogic Research \

e Erasmus+ KA2 grant (March 2019)
o REF 2021 Impact Case Study - UoA4 Psychology

K. ALT-C, EAMS, BMC, eAA, AdvanceHE, TALMO, BETT/

SSSSSSSSS

3

UNIVERSITY OF

DERBY

HHHHHHHHHHHHHHH



Research work

Fundamental research

PLOS ONE

& oeenAC B

* Nonlinear convex analysis and optimisation

Disrupting resilient criminal networks through data

. | :Th f Sicilian Mafi
* Recurrence sequences and dynamic geometry [ T o

Lucia Cavallaro BJ[E]. Annamaria Ficara B, Pasquale De Meo EA. Giacome Fiumara EJ. Salvatore Catanese EJ.
Ovidiu Bagdasar 3, Wei Song E8 Antonio Liotta

° CO m p utatio n a I n u m be r th eo ry & CO m bi n ato ri CS Published: August 5, 2020 « https://doi.org/10.1371/journal | pone. 0236476

- “u
¥

Applied research

 Mathematical modelling (traffic, ceramics)
NETWORK FEATURES: CRIMINAL NETS

Novelty:
New Datasets

extracted from
Real juridical acts

* Neural networks, maths in data science

* The analysis of criminal networks

Pedagogical research e odes = =
o. Edges
« Mathematical anxiety o e .
Max. Shortest Path 7 14
e Closing the numeracy gap T s ) | Modes n common a2

* Teaching mathematics ONLINE in STEM 27



Applied learning: Ceramic color modelling

3

UNIVERSITY OF

. . _— DERBY
Develop ceramic glaze recipes which:

> match a desired ceramic color

> correct/fine tune a ceramic color

Outcome: Taguchi's method, Regression & GUI

derby.ac.uk



Complex recurrences
Definition
The Horadam sequence {w, }>>_, is defined by the recurrence
Wn+2 = PWn+1 + qWn, Wo = a, Wy = b,

where the parameters a, b, p and g are complex numbers.

© Fibonacci sequence: (a,b) = (0,1) and (p,q) = (1,1)
@ Lucas sequence: (a,b) =(0,1) and (p,q) = (1, —-1)
© Characteristic polynomial: P(x) = x> — px — q

© generators: the roots z;1, zp of P(x)

© Terms can be visualised in the complex plane!



Horadam sequence iterations

20 terms

Imz

Imz

100 terms

Imz
)

Imz
)




E. Dijkstra: “A picture may be worth a thousand words,

a formula is worth a thousand pictures” .

A mini-atlas of non-periodic Horadam patterns
For distinct z; = r ™1 7z, = ppe?7TX2 (rn < r), the orbit is
(a) Stable if 1 = r, = 1 (unless periodic);

(b)
(c)
(d)

5 (al)
2

1]
E
a8
=l
15
2
11
E] 1
Rez
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Quasi-convergent if 0 < < n = 1;
Convergent if 0 < g < <1;
Divergent if r» > 1.

“l (c2)
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Rez

Imz
=

Problem Books in Mathematics

Dorin Andrica
Ovidiu Bagdasar

.....

Recurrent
Sequences

Key Results, Applications, and Problems

@ Springer



Kasner triangles
Problem statement. Let a be real number and AgBo (o a triangle.

Construct the triangle A1 B1Cq such that A1, B1 and (i divide the
segments |ByCol, | CoAo] and [ApBy|, respectively, in the ratio 1 —a : «.
Continuing this process we obtain a sequence of triangles A,B,C,, n > 0.

These terms are called Kasner triangles (after E. Kasner (1878-1955)).

Figure: Sequence of Kasner triangles A,B,C, with n=20,..., 10, computed for
(a) « =0.1; (b) « = 0.025.
Andrew Wiles:
"The definition of a good mathematical problem is the mathematics it generates rather than the problem itself"



Kasner triangles with complex parameter - Formulae
The system (1) can be written in matrix form as

An+1 0 ! 1 —uw an
Xn_|_1 — bn_l_l — 1 - ﬂf O ﬂf bn — TXn,
Cn+1 I 1 —« 0 Cn

where X, = (ap, bp, cn)T, n > 0. In this notation one can write
Xn = T"Xo.
The characteristic polynomial of T is
pr(u) = (u—1) (v +u+3a®—3a+1),

whose roots are ugp = 1 and for w = exp (2”’) we have

1

u1:—§ —\Qf —a:\ff—w—a\ff
1

Up = — 5~ £1+mff—w +a\/f



Dynamical properties: Convergent orbits (1)

Theorem

1° The sequence of triangles (A,B,C,)n>0 is convergent if and only if
ane DiNDs.

2° When the sequence (A,B,C,)n>0 is convergent, its limit is the
degenerated triangle at Gg, the centroid of the initial triangle Aq By Cp.

For 0 < a < 1onehasa € Dy Dy, when A,1+1, Bhr1, Ch+1 are interior
points of [B,, C,], |An, Cu] and [A,, B,], as shown in Figure 5.

1

oz,
o Z?_

057

| a |
E O ’ ’

05 !

_1 -1
-0.5 L] 05 1 1.5
Rez

Figure: Convergent orbits (right) obtained for & = 0.25 (left).



Dynamical properties: Convergent orbits (2)

Theorem

1° The sequence of triangles (A,B,C,)n>0 is convergent if and only if
x e DN Ds.

2° When the sequence (A,B,C,)n>0 is convergent, its limit is the
degenerated triangle at Gy, the centroid of the initial triangle AgByCp.

On the other hand, when the parameter &« € D; M Dy is not real, the orbit
Is convergent, but the points are not aligned any more, as in Figure 6.

1 S

0.5

[ ]
E O

0.5

N E—

A ;
0.5 0 05 1 15

Re z

Figure: Convergent orbits (right) obtained for & = % + %f (left).




If people do not believe that mathematics is
simple, it is only because they do not realize how
complicated life is.

(John von Neumann)

izquotes.com
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