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HOW DOES RESEARCH IMPACT 

HAPPEN?



SCIENCE, THE ENDLESS FRONTIER,  V BUSH, JULY 1945
New frontiers of the mind are before us, and if they are pioneered 
with  the same vision, boldness, and drive with which we have 
waged this war we can create a fuller and more fruitful employment, 
and a fuller and more fruitful life.  Government should foster the 
opening of new frontiers and this is the modern way to do it.  
Advances in science mean more jobs, higher wages, shorter hours, 
more abundant crops, more leisure for recreation, for study, for 
learning how to live without the deadening drudgery which has been 
the burden of the common man for ages past. 

Scientific progress on a broad front results from the free play of 
free intellects, working on subjects of their own choice, in the 
manner dictated by their curiosity for exploration of the unknown. 
Basic research is performed without thought of practical ends. It 
results in general knowledge and an understanding of nature and its 
laws [which] provides the means of answering a large number of 
important practical problems, though it may not give a complete 
specific answer to any one of them. 
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HOW DOES MATHS IMPACT 

HAPPEN?



IMPACT150: MATHS IMPACT STORIES

“All mathematicians are convinced that mathematics has 
broad impact, but it can require work to convince 
others. These stories celebrates the long term, pervasive 
and holographic impact of mathematics. I hope you will enjoy 
them, and share them with friends, family and colleagues.”



IMPACT150: MATHS IMPACT STORIES

“All mathematicians are convinced that mathematics has 
broad impact, but it can require work to convince 
others. These stories celebrates the long term, pervasive 
and holographic impact of mathematics. I hope you will enjoy 
them, and share them with friends, family and colleagues.”
Developments in the Theory and Applications of Moving Frames



RESEARCH IMPACT - UK GOVERNMENT

• Delivering highly skilled people to the labour market
• Improving the performance of existing businesses

• Creating new businesses

• Improving public policy and public services

• Attracting R&D investment from global business

Number	of	spinouts	reported	in	2014	REF

Higgs	finds	the	boson	and	
leads	it	into	captivity



CHALLENGE: HOW DO MATHS IMPACTS HAPPEN?

• Has huge impact – Deloitte 16 % UK total GVA

• Low scores on standard  impact metrics

• Practitioners disquiet ;  focus on long-term linear model



CHALLENGE: HOW DO (UK) MATHS IMPACTS HAPPEN?

• Has huge impact - De Loitte 16 % UK total GVA

• Low scores on standard  impact metrics

• Practitioners disquiet ;  focus on long-term linear models

L Meagher, U Martin, ‘Slightly dirty maths’:  the richly textured 
mechanisms of impact, Research Evaluation 2017

Studied 209 Maths REF impact case studies





Mathematics	 impact	mechanisms

Understand	
• mechanisms	for	impact	of	mathematics	
• the	potential	for	web-based	innovations

– Interviews
– Surveys
– Focus	groups
– Analysis	of	209	unredacted (of	236)	Mathematics	REF	impact	case	studies
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Un : up-map 

Dn : down-map 

Ni : number of packet arrivals in 

one time step of active period 

An : duration of active period 

Sn : duration of silent period 

LRD-off/LRD-on SRD-off/LRD-on LRD-off/SRD-on 

H = 0.875, l = 0.5 

Neighbour measures Of downstream load 

Feedback loop to adjust selector map - p  

Local selector rules 

Selector ON – packets scheduled 

Selector OFF – packets wait 

… no longer work conserving 

•! Selector in use – power law limited to R3 

LRD load is 0.5, SRD load is 0.2, selector p = 0.25 

R1 

R 2 

R 3 

R 4 
R 5 

R 6 LRD 

SRD 

Regular topologies: Manhattan, Triangular, Hexagonal 

Interactive-growth model (60:40) 

connecting new node to old node (linear) 

connecting new links between old nodes 

AS graph properties 

Node degree; rich-club; disassortative mixing 

Networks Research and Applied Mathematics at Queen Mary: Scaling and Complexity in Networked Systems 

•! No selector – power law behaviour 

spreads to R5 

w(0) : waiting time  

(no selector) 

w(p) : waiting time 

(with selector) 

!! : power exponent of ON heavy 
tail 

p : selector retention probability 

obstruction slow change - 
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dependence 

fast change - 
short range 
dependence 
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N = 18, m1 = 1.6, m2 = 1.9,  
" = 0.05, load = 0.9, H = 0.94 

N = 10, m1 = 1.6, m2 = 1.9,  
" = 0.05, load = 0.5, H = 0.94 

N = 10, m1 = 1.6, m2 = 1.6,  
" = 0.05, load = 0.5, H = 0.6 

N = 10, m1 = 1.6, m2 = 1.5,  
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Lines – N intermittency maps 
Dashed – equivalent aggregate Intermittency-sawtooth map 

sawtooth map gives 

batch size when active 

intermittency map gives aggregate 

active/silent behaviour 

EPSRC EP/D078741: (2006-9) 

Machine Learning for Resource Management in 

Next-Generation Optical Networks 

Phillips & Pitts (EE/QM) in collaboration with CS/

RHUL 

Outcomes: 

Techniques for dealing with uncertainty in 

complex networks; adaptive, and provides 

confidence information 

EPSRC EP/D052092: (2006) 

An investigation into routing algorithms for 

optical networks (DISCIPLINE HOPPING AWARD) 

Phillips (EE/QM) in collaboration with Operational 

Research at City University 

Outcomes: 

Graph Colouring and Linear Programming for 

Resource Management 

Selective redeployment to cope with uncertainty 

NORTEL: Intelligent Connection Management 

Phillips (EE/QM) 

Outcomes: 

Patent applications on layered connection 

management schemes for ASON 

environments, and resilience planning in 

optical networks 

EU STREP: (2006-9) 

MANMADE – Diagnosing vulnerability, emergent 

phenomena, and volatility in man-made networks 

Arrowsmith (Maths/QM) / Mondragon & Pitts (EE/QM) in 

collaboration with JRC-IPSC, Collegium Budapest, 

Macedonian Academy of Sciences and Arts, Universita 

Carlo Cattaneo, National Emergency Supply Agency, 

Gestore Mercato Elettrico  

EPSRC GR/T18615: (2004-7) 

Whole System Modelling Of Large-Scale 

Communication Networks For What-If Evaluation 

Pitts, Schormans, Phillips, Mondragon (EE/QM) 

and Arrowsmith (Maths/QM) 

Outcomes: 

Methodological challenges of large-scale network 

simulation (scenario scale/complexity; analysis 

and visualization; reproducibility and validation) 

Accelerated models for event reduction in 

heterogeneous scheduling techniques 

EPSRC EP/C520246: (2005-8) 

Topology and congestion Invariants in Global 

Internet-scale Networks 

Mondragon & Pitts (EE/QM) 

Outcomes: 

Search for onset-of-congestion invariants in 

Internet topologies 

Scaling and decomposition of subgraphs 

Robustness and cascading effects  

EPSRC EP/C541715: (2005-9) 

Unifying approaches to design of experiments  

Gilmour, Bailey, Bogacka (Maths/QM) 

Outcomes: 

Improved methods for designing experiments 

(including coping with power laws, scaling, 

extreme variability etc.)  

EPSRC GR/R83453: (2002-5) MathFIT 

Sources of Long Range Dependence in Internet 

Traffic and Their Relative Importance in Networks 

Arrowsmith (Maths/QM) / Pitts (EE/QM) 

Partners: Univ. of York (Maths) and BT labs 

Outcomes: 

Network invariant relates onset of congestion to 

(regular) topologies 

Large scale simulation for regular topologies 

EPSRC GR/L78659: (1988-2001) 

Chaotic control for fast resource management 

Pitts (EE) / Arrowsmith (Maths) 

Outcomes: 

Chaotic intermittency maps as source / aggregate 

LRD traffic models, and control elements 

Queue behaviour modelling 

EPSRC / QM + CASE (BT): 

Internet teletraffic modelling 

Pitts (EE/QM), Arrowsmith and 

Bogacka (Maths/QM) 

Outcomes: 

Chaotic map models for multiscale 

behaviour 

EPSRC GR/R30136: (2001-4) 

Small-World Modelling of Internet Behaviour 

Mondragon (EE/QM) 

Outcomes: 

Topology models of Internet at AS level 

Concept of “rich club” enables more accurate 

topology modelling 

EPSRC GR/S15730: (2002-3) 

Adaptive Methods and Congestion 

Control for Internet Traffic 

International Travel Grant 

Arrowsmith (Maths/QM) / 

Mondragon & Pitts (EE/QM) 

Outcomes: 

EU collaborations 

Vodafone + QM: 

Measurement in packet networks 

Schormans & Pitts (EE/QM) 

Outcomes: 

Limitations of active techniques 

Correlation-induced extreme 

skewness in Gaussian statistics 

Lucent Technologies: 

Network scalability and decentralised 

control of networks  

Pitts (EE/QM) 

Outcomes: 

Patents granted in resource allocation 

and complexity measurement 

BT + QM: Resource allocation algorithms 

in ad-hoc network scenarios 

Mondragon (EE/QM) / Arrowsmith 

(Maths/QM) 

Outcomes: 

Statistical bounds on random graphs to 

minimize network interference 



CHALLENGE: HOW DO (UK) MATHS IMPACTS HAPPEN?

• Has huge impact - De Loitte 16 % UK total GVA

• Low scores on standard  impact metrics

• Practitioners disquiet ;  focus on long-term linear models

L Meagher, U Martin, ‘Slightly dirty maths’:  the richly textured 
mechanisms of impact, Research Evaluation 2017

Studied 209 Maths REF impact case studies

Conclusions: people not processes make impact!

• REF reinforces myths of linear narratives, power and labour

• Variety of impact types, especially conceptual impacts

• Variety of mechanisms: relationships, interdisciplinarity

• Knowledge intermediaries, not tech transfer offices



• instrumental impacts: “tangible” 
products or services 

• conceptual impacts: generating 
new understanding or “thinking 
differently”

• capacity building: training and/or 
developing collaborative abilities 

• attitude or cultural change: by 
individuals and/or organisations 

• enduring connectivity: establishing 
long-lived external relationships

CLASSIFICATION OF IMPACT,  MEAGHER NUTLEY 2008





CHALLENGE: HOW DO (UK) MATHS IMPACTS HAPPEN?

• Has huge impact - De Loitte 16 % UK total GVA

• Low scores on standard  impact metrics

• Practitioners disquiet ;  focus on long-term linear models

L Meagher, U Martin, ‘Slightly dirty maths’:  the richly textured 
mechanisms of impact, Research Evaluation 2017

Studied 209 Maths REF impact case studies

Conclusions: people not processes make impact!

• REF reinforces myths of linear narratives, power and labour

• Variety of impact types, especially conceptual impacts

• Variety of mechanisms: relationships, interdisciplinarity

• Knowledge intermediaries, not tech transfer offices



KNOWLEDGE INTERMEDIARIES VS TECH TRANSFER

• ‘Once you’ve seen an algorithm work, you just apply it 
somewhere else and don’t even reference it. It is not generally 
the culture of mathematicians to establish IP rights. 

• ‘There are people paid by the research office but we tend to 
see them as administrators to get off our backs – “what do 
they know about this stuff?”’

INDIVIDUAL

• It is a role I’m adopting all the time. … I am often at the edges 
of my knowledge in all directions, a bit like being a translator 
when not completely fluent in either language ..It is a very 
important role …. (But) it is not very highly valued

HIDDEN LABOUR OF IMPACT

STAKEHOLDER INSTITUTIONS: LEARNED SOCIETIES, . . .

• Coordinate actions Provide trusted neutral ground

• Establish governance Advocacy  



HIDDEN LABOUR & KNOWLEDGE INTERMEDIARIES 
http://oeis.org/



Social	machines	 - OEIS



HOW DO 
INDUSTRY BIG 
PROOF IMPACTS 
HAPPEN?



WHAT ABOUT THE IMPACT 

OF BIG PROOF ON 

UNIVERSITY/RESEARCH MATH?



• instrumental impacts: “tangible” products 
or services

• attitude or cultural change: by individuals 
and/or organisations 

• conceptual impacts: generating new 
understanding or “thinking differently”

• capacity building: training and/or 
developing collaborative abilities 

• enduring connectivity: establishing long-
lived external relationships

HIDDEN LABOUR OF IMPACT

KNOWLEDGE INTERMEDIARIES

INDIVIDUALS

STAKEHOLDER INSTITUTIONS

CLASSIFICATION OF IMPACT



ATTITUDE/
CULTURE CHANGE



ATTITUDE/
CULTURE CHANGE



…ATTITUDE/CULTURE CHANGE

Simon	Donaldson,	Maxim	Kontsevich,	Jacob	
Lurie,	Terence	Tao,	Richard	Taylor:	award	of	
$3	million	Breakthrough	Prizes,	2014

Lurie:	I	would	like	to	see	a	computer	proof	verification	
system	with	an	improved	user	interface,	something	that	
doesn’t	require	100	times	as	much	time	as	to	write	down	
the	proof.	Can	we	expect,	say	in	25	years,	widespread	
adoption	of	computer	verified	proofs?

Tao:	I	hope	[we	will	
eventually	be	able	to	
verify	every	new	paper	by	
machine.].	Perhaps	at	
some	point	we	will	write	
our	papers…	directly	in	
some	formal	mathematics	
system.



CONCEPTUAL IMPACT: TEACHING 



• instrumental impacts: “tangible” products 
or services

• attitude or cultural change: by individuals 
and/or organisations 

• conceptual impacts: generating new 
understanding or “thinking differently”

• capacity building: training and/or 
developing collaborative abilities 

• enduring connectivity: establishing long-
lived external relationships

HIDDEN LABOUR OF IMPACT

KNOWLEDGE INTERMEDIARIES
INDIVIDUALS
STAKEHOLDER INSTITUTIONS
PLATFORMS

CLASSIFICATION OF IMPACT



OPPORTUNITY FOR FURTHER CONCEPTUAL 
IMPACT:  MATHEMATICAL PRACTICE / LABOUR 



MATHEMATICAL PUBLICATION 2050??



the vast labor of decoding, 
translating, and transmaterializing
official texts, without which 
advanced mathematics could not 
proceed ... with a crucial stage of 
disorder in between .. 
Barany/ Mackenzie



The	social	machine	of	mathematics
Ursula	Martin,	University	of	Oxford

RAs:	Alison	Pease	(Dundee),		Gabriela	Nesin
(Brighton),	Chris	Hollings	(Oxford)
Joe	Corneli (Edinburgh),	Lorenzo	Lane	(Oxford),	
Fenner Tanswell (Oxford)

pleasure/altruism; rapport/trust; 
share feedback, insights, informal 
knowledge, gist; co-create ideas 
language, concepts Lane, 2017 
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Unyurl.com/
jt75z2n	





ANALYSING MINI-POLYMATH
Martin and Pease, 2012++



• instrumental impacts: “tangible” products 
or services

• attitude or cultural change: by individuals 
and/or organisations 

• conceptual impacts: generating new 
understanding or “thinking differently”

• capacity building: training and/or 
developing collaborative abilities 

• enduring connectivity: establishing long-
lived external relationships

HIDDEN LABOUR OF IMPACT

KNOWLEDGE INTERMEDIARIES

INDIVIDUALS

STAKEHOLDER INSTITUTIONS

CLASSIFICATION OF IMPACT



SO WHAT CAN WE ACTUALLY DO . . . 

GO WHERE THE MATHEMATICIANS ARE

• NEWTON INSTITUTE, ICMS, OBERWOLFACH, FIELDS

• AMS JOINT MEETINGS

MAKE THINGS EASIER FOR KNOWLEDGE INTERMEDIARIES

• MATH POPULAR WRITING, M’OVERFLOW, “100 THEOREMS” 

• WORK OUT HOW TO TELL OUR OWN STORY 

ARTICULATE TO ADMINSTRATORS THE TRANSFORMATION OF 
MATHEMATICAL LABOUR TO CHANGE RECOGNITION AND REWARD
KPIs, KEY PERFORMANCE INDICATORS, FOR IMPACT TYPES
STANDARDS AND COORDINATION

ADVOCATE COLLECTIVELY FOR BIG PROOF
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GO WHERE THE MATHEMATICIANS ARE

• NEWTON INSTITUTE, ICMS, OBERWOLFACH, FIELDS

• AMS JOINT MEETINGS

MAKE THINGS EASIER FOR KNOWLEDGE INTERMEDIARIES

• MATH POPULAR WRITING, M’OVERFLOW, “100 THEOREMS” 

• WORK OUT HOW TO TELL OUR OWN STORY 

ADVOCATE COLLECTIVELY FOR BIG PROOF

• CLEARLY ARTICULATE MATHEMATICAL LABOUR TO 
ADMINSTRATORS TO CHANGE RECOGNITION AND REWARD
• KPIs (KEY PERFORMANCE INDICATORS) FOR IMPACT
• STANDARDS AND COORDINATION







RECOGNISE VARIETY OF IMPACTS 
CO-CREATE KPIs: KEY PERFORMANCE INDICATORS

• instrumental impacts: “tangible” 
products or services

• attitude or cultural change: by 
individuals and/or organisations  

• conceptual impacts: generating 
new understanding or “thinking 
differently”

• capacity building: training and/or 
developing collaborative abilities 

• enduring connectivity: 
establishing long-lived external 
relationships
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