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2014 AT E O K5 5fi Research Excellence Framework (REF)Tid, B TLE&7H A « #2
BEROETONTFOHFERIICONT, WFFEA 237 FORHARD SNz GHEOERIL 20%)
WAL, 2ETHR 7000 HRoEFIBRE S, EmBE. LY LOWERT, fafF, Eiik
FOANLFD 4 5BFOF Tl 2B FESHORFRED R L oTc, oA X7 FOEBEE LT
TR ZBCCHEESEN1MTHY, TORTHHE TR SEORBREGIN K HE0 o7, AW TIL,
Z ORI T 2 IBEy A X7 NEGIZ o L s A S 07 o7 MRIHO 7 et X%
Bt Uiz, ZOREE, A X7 MAI 7 v 20 d - 5llg & 7e o T2 WFFE R R8T — 2 Ok & 15 S,
7T EBEESS, BEEREONOFME L ZOEESCE AN T2 E N TE L,

Abstract

University research is often viewed as a driver of transnational growth, prosperity and collaboration. In recent
years, education governance systems have devised new ways to evaluate the impact of university research.
One of the most recognized frameworks for impact assessment is the UK’s Research Excellence Framework
(REF). For REF 2014, about 7000 case studies were submitted by UK Higher Education Institutions to illustrate
how research from different disciplines contributes to society. However, the process to formulate social
impact from basic research is fraught with complexities and challenges. This study shows a typical model of the
impact creation process in the disciplines of Engineering and Physical sciences, and discusses key processes
to consider when determining how basic research contributes to societal impact. The results show the critical
role of underpinning research, research team activity and grant and investment etc. and their interaction.

1. [Z L ®IZ [ Introduction

YL[E T 2014 2B A & 7= K5 REF (Research Excellence Framework) (281751 > 87 & (#f
ZEDW K h ) T OBEE & MEEJ TITHREAN L72[1-3], REF O X 5121 7387 b & RFFHHICH— I
B ANTZDIFHRTHIO TORBETH D0, KFITBIT D520 B e E I L oA
R NPREIR DT, TS AR NGBS S 2 L IIRE WA LD, TOD, KL TIEA v
X7 NORIH T B ATERE Y T EBHFENS EO LI L TERANBRERERE 2D A 237 IR
Bl EN D N EME Uiz, S EITEFICRFERN A 37 MCER L, BRESCHMNBIE, SN
TETFTUADOHTWDERNLWE T %R (Engineering & Physical sciences) 3251551 237 MAIH
DT vt AEKEE L ORISR E DT LT,

2. REF A > 37 s O | Characteristics of REF impact

REFA > /37 RMZ2W\WTiE, King’'s College Londonz» & gl 72 43 AT i E AN IR S AL TV 5 [4], 4 [El4E
H iAo 37 N FEBEIT AR TI75H:-TH v . WL/ B A TliPanel A (Life sciences): 162114,
Panel B (Engineering & Physical Sciences):1667/4:, Panel C (Social sciences):20404-, Panel D (Arts &
Humanities): 1647{: Té - T, th2 B AR B O MM HLo72, —J5, A2 737 OAEITIE, Societal 731723/,
Technological 731397, Cultural231397/4:, Health/3857{f, ZCTH 7=,

T KRB DA 7 N ER R T, 1042 £ T TUniversity College London (28314:), University of
Oxford (25814:). University of Cambridge (227 {4). University of Edinburgh (227 {4). University of
Manchester (18114:), University of Nottingham (1521}), King's College London (151/4:), University of
Glasgow (13814). Imperial College London (135/4:), University of Leeds (129/4), TH -7,
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Fig.1 Potential beneficiaries of research found in case studies [4]

(Panel A=Life sciences. Panel B =Engineering & Physical Sciences.
Panel C = Social sciences, Panel D =Arts & Humanities)

IR ENT2F—TU— R, Spin-outs (A&7 v k) | Patents (f¢7F) . Licenses (FFifi) OENEhD

HHLBE E OWFFE 5y B 8 D 4y A & 797, Spin-outs|Z oW CTid .o Panel B: General enginieering (UOA15)
Mix% T, iZREIComputer science and informatics (UOA11)23% - 7=, LLF #RfadPanel A: Biological
Science (UOA5), Panel B: Chemistry (UOA8). Physics (UOA9). Electrical & electronic engineering,
metallurgy & materials & i < , —f%XPIZIZEE TR0 BF OSpin-out 3\ = & 52 5,

—J5 CTPatents CiZPanel A: Biological science (UOA5), Panel B: General enginieering (UOA15), Panel
A: Clinical medicine (UOA1). Panel B: Chemistry (UOAS8). Panel A: Applied health professions, dentistry,
nursing & pharmacy (UOA3)7: K73 HL» TR Y | ERAEMAB BT LH LIRS THL TEZIHENT
WA Z ENymD, £7-LicensesTix, Panel A: Clinical medicine (UOA1)2322H L CT£ < . &kiZPanel A:
Biological science (UOA5)IN £\, = D L ) IZEFRAEMBD B CREFFHGE, EMiFFE7e & OmMAl - iF
A& RNEN > TWb, i)y, [ o%kto > — Panel C (Social sciences)$s L Nk ' —  Panel
D (Arts & Humanities) Cld, EOHEHE HIZEE TN ER 005,

on
" avon mvon

Licenses

Spin-outs Patents

Fig.2 Impact wheels for keywords “spin-outs” (n=344), patents (n=570), licenses (n=654)

(Red: Panel A, Blue: Panel B, Purple: Panel C, Green: Panel D) [4]
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3. WgeA X7 kD] | Examples of Typical Impact

3.1 #= / Outline of the case studies
No Impact University Period Spin-Out Transfer Revenue
TUh TR 2— A Cambridge Display |CDT purchased by
| EBHT VR~ — ) LY S NAVIN 20002010 Technology (CDT) Sumitomo
Light-emitting Dendrimer ¥ St.Andrews / M&A by Sumitomo Chemical for
U Edinburgh Chemical (2007) $285M
e ORr=ACR | SN/ Aet APl PN S Ny AN = i ) Annual revenue
;j]jﬁﬂr ML, PV~ ATRT S /i’;{j/{;j‘;;\% Micropix(1997) o

2 |Efficient, High Quality, Silicon Heriot-Watt U / 19932011 | ForthDD(2004) Investment $33M
Microdisplays U Edinburgh M&A by Kopin (2011)
AT Y MME Vb L—

F— W) \}: LYo R Lynton Lasers Annual turnover
D L — AR o . Y .

3 |Transfer of laser research and VT AL RS 1993—2013 (1994) Lynton: £5.3M
development to spin-out U Manchester Laser Quantum Laser Quantum:
companies, Lynton Lasers Ltd and (1994) >£12M
Laser Quantum Ltd.

Grants to
XX T p e FRT A A s . Department
4 |# 3 gaigri;g;) ST | 19912013 Cave”ﬁ';gg'”et'cs £0.75M(2002)
Cavendish Kinetics VC funding
>$15.5M(2006 )
New Buisiness in:
L — =R F AT I VS DT NKT Photonics Fianium:
D ORI IE ST 7 A /N — PP TR - Denmark), Annual turnover

5 |Microstructured Optical Fibres for (U zouthampton% 1993 2013 | Fianium ( 2003 ) M;nlo Syste)ms ~£10M

Laser and Biomedical Applications Toptica Lasers 50 employees
(Germany)

Table 1.I24EFEIN L2 FEHE A /7 FOFH E2RT, SEHBEZBEBIRTDICHIZD, £ X7 e L
T, ORZEFZITHINBIImA A0, ORFIIIR ARG, @A /37 MIEO 7 vt X3\
B, Zxt52, Panel A% X UPanel BOWFFE/3 B IZ B W CTHEBI 2 EIN Lz, /- RKRFE LTI B A o)

Table 1. Impact case studies adopted for the analysis of impact creation process

7 MEEEH D2\ K22 % T University of Southampton, University of St. Andrews, Heriott-Watt

University 2Nz 72, & HI1A2 37O RIL LT, TechnologicalZ 3R 7=, f#&iIIZIE, Fig.2IC A6 559
(ZSpin-out{E ERRFET . FERFFE DI DN TR (LB IOWEEF) ICBE Lz EFEED5>D A /37
Mil %388 AT, ZDFEMZ ST LT, DR, A /"I N A B3 5
H TH 54 K5 DEnvironmenti Al (

3.2 %¥t7 . F U ~— | Light-emitting Dendrimers

MO ET15%) b S E I LT,

- 2 a— LR DB /An example of global extension -

D72 DIZREF D = 3% H ORI E

Unit of Assessment: Physics, University of St Andrews and University of Edinburgh

processe

“Light-emitting Dendrimers” Summary of the impact

Light-emitting dendrimers (polyme
of organic light emitting diode (OL : )
Solutlon&)rocess_lng was combined with high efficiency, and enabled solution-
I materials to compete with evaporated materials. The /
commercialised by Cambridge Display Technology (CDT), the leading
developer of polymer light-emitting diodes.

1)

rovided a breakthrough in the efficiency
materials deposited from solution.

have been

Discovery and Invention (2000~)
Prof. Ifor Samuel (U. St.Andrews)
with Prof, Paul Burn (U. Oxford.)

Efficiency Imrovement (~2010)
Ir--cored dendrimer OLEDs, 70 papers
Patents(>10), Ben Sturgeon award (2008)

Patent License
To Cambridge Display Technology (CDT)

Purchase (2007) @ $285M
Sumitomo Chemical of Japan

(http://www.sumitomo-chem.co.jp/pled/about.html)

Commercialisation via three channels
(i) a CDT-funded research programme at St Andrews and Oxford
(i) an internal research programme at CDT
(ii1) a joint development programme with Sumitomo Chemical

(The link to Sumitomo Chemical is extremely important both because of

their skills in scaling up materials production and because of their

credibility and proximity to major display manufacturers.)

Fig. 3.
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Fig.3 IZ/r9" X 912, 2000 4FLAFEIZ University of St. Andrews & University of Edinburgh @ 7] ¢ Prof.
J.Samuel HIZ L > TT 4 A7 LA AKX A 4 — FLED)OFH LWWMEICTH LT > KU ~—23F%
STz, AWFFRITZNRAVRE WAL BN L0 | AR EL MBI 2 S04 2 R &2 A U, BEURRRFD
CDT (Cambridge Display Technology) (27 1 & A5 X4, [AfEI% 2007 412$ 285M T H A D{E AL
*#(Sumitomo Chemical) ICHIN S #7z, ZHUC KV FEALFITAHE LED FEOFHER TR LG LT
EEINTWD, KEEHT () COT 0&E&IZ L D987 1 7 Z & (i) CDT OWNEMsE 7 v 77 & (i) 1
KALF & OEFERRE T v 77 L, O 3B TITbiLc, ERALFOWMINIMBHEED A 7 —1T v 7&K
FTFA AT LA A =D —~DOHFR O THO TEET, ZOMRAOTEET L7 hn=7 A{pEE2FEIC
Fo, RERKOMFPEED —DICKEREEL G X720 TRERBERETH L EREIN TN D,

3.3 W TERE R ar~ A7 aT 1+ A7 LA/ Efficient, High Quality, Silicon Microdisplays
- K PREHE DT 0 FE M / Commercialization of inter-university collaboration research -
Unit of Assessment: General Engineering, Heriot-Watt University and University of Edinburgh

ZDWGEA 8T MiE A= v T 2 KO Heriot-Watt University & University of Edinburgh 73 3£ (7] Cif &
L T\ % ERPE (Edinburgh Research Partnership in Engineering)?® 1993 47> 5 2008 4EZ 7= 5 ikt~
AT 4 AT A ORI RIZET 26O THY | ZDFE5 & LT 1997 4£1Z Micropix fE23AIH S 41T
W5, 2004 T E BIZ KB 2 5 & 237040, [AFiZ, Forth Dimension Displays (ForthDD) & L T
LT, [RIfRhIE, 2008 A2L00K 25% Lk ERkR L, 4Ff5E ERRNIZIES 5M Th o7z, 2011 FiCid R ko~
A aT 4 AT LA LFEHTH D Kopin #:53, $11M T ForthDD % B UL L TV 5,

[FIfF 221 Profs. Underwood, Walton, Stevenson 35 X UXPDRA (K% FZ7) @ Dr.Smith 512k - T
T, ZOF—LiTEMERE DR B S (FLCoS: Ferroelectric Liquid Crystal) % | L 7222 28
FHE(SLM: Spatial Light Modulator) #BA%& L7- (1993 4EtH) , 20k, i S 7= FLCOS ~ A 7 1
T 4 AT A OHEMEEGFE X OGO 720 DA 7 T A T 7 F ¥ B, FHINOEZELOEE 24T
»H Y. Zilx EPRSC (Engineering and Physical Sciences Research Council)?y & 4 #&fi: L 7= ELITE 7' &=
Y7 b (KE3M0K) NRXp&E A2 R Lz,

2012 45K ForthDD 1%, R EfEED TNV I T—~ A 7T 4 AT LA %V VU —A L, @EkR~A
77 4 AT LA DOWMREY —RTL5H 774 v —L L TOMMEHELL WD, FTe~y RvT U b -
7 4 A7 LA (HMD : Head-mounted Display) °%& - £ = — 7 7 1 > ¥ — (EVFS: Electronic Viewfinders)
D, Atk OILEBLFEE (AR: Augmented Reality) RRABBLER (VR:Virtual Reality) O 5D T — &
LML RTINS,

34 AT U M- Vb L—H—L L —F— T ~DO L —P—HFilfBEL / Transfer of laser R&D

to Lynton Lasers Ltd and Laser Quantum Ltd.

- B 5EE DB 0 7 D BEER B~ / The effect of contribution of researchers -
Unit of Assessment: Physics, University of Manchester
ZDWFEREDA N7 N,

University of Manchester® 93| 94| 95| 96| 97| 98| 99foo [o1 Jo2 [03 |04 |05 o5 |07 [0s |09 [10 |11 [12 [13
]/_—]ji_77‘], }\:77\§7\Ef’ Head of group
DIFFEN  Z I ENFER]FE Y
- H—%?ﬁ/‘j£53M L£1 2MLL - Charlton Formed Lynton
D 25D Spin-out 1 % . Berry Formed Lynton
Lynton Lasers fL (fbBES.
ERNABHERESR) &

Dickinson

Joined Lynton

Gloster Joined Laser Quantum

Joined Laser Quantum

Joined Laser Quantum

pAss

Laser Quantumﬁ: (Hﬂgﬁ%\ Coleman Joined Laser Quantum
T & —7 /l) A ]* ) (D) fL t) Lynton Lasers formed Charlton/Berry

BT & F 0% R R Laser Quantum formed Gloster/Cox/Lane

CHELTNDZLThD,
& DI E TR 72

ZElE, 1994 FED 2 HD

Spin-out =¥ M7 % [iFf iz Fig. 4. Timeline of the involvement of researchers with the research and spin-out companies

B4 - T2 bFgEsE OB & D36
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FINTHRINTWNWDL Z L TH D, FigdlZ, ZOMEINRINTNDD, WIET L—T D~ RO Prof.
King Z 0 c RS (PhD) PR 2 27 (PDRA) 2N EICEFE L TV 5, Lynton Lasers #H137R
A RZ7 240835 B, Z0% PhD 2817 1 | Laser Quantum (% PhD3 4 Ty b B, 10 £ IR =
RZ 814 Mbo>Tn5,

Lynton Lasersfhix, v > F = A X —KFLEOWIEEZBEEICH L T, ZRAT 7 4 v 7 RERINECO=
TEVXAEALTEY, BUEXS DICmERERBICIGH L2 2 LT\ 5, £iLaser
Quantumtbix, TiV 7 7 A 7 L —H =K A F— RR T L —W—DfiEZ T 1385 %2 I N—F 54K
SRR DARAMRE TOILWIERHPH O L — — 2 1 HR30 4 EHLL EICIRFEL T\ 5,

35 F¥X_XUTFT 4 v a - F3RT 47 A | Cavendish Kinetics
- Cambridge Science Park z 752 & L 7= 2 5 2485k & Nk -
Unit of Assessment: Physics, University of Cambridge

re 7Yy VRS TIEL, Prof. Charles Smithiz X % & 7t BlR 2 FIH L7c T 2 A — v Oy hNER
ik (MEMS) #fge4 Kkl LT, MmUY R U a7 7y v R TREERTREZRMEMS 7 1 & 2 Hi4f7 2 B %
L. & 5ZZEN2Spin-outit2£Cavendish Kinetics D BIHIZ D7 RN o 72, [AFHICKT L TRUF v —&REFR
(VC: Venture Capital) 7°6+5572 % &N H Y . 20004F(213$6M % 52 1T CTHEAMZ T R & 1E- 72, 20064FE |
$15M %A Gl L CK[ESan JoselZ F 4 AE D | 8RGO A2 T & 2 Qualcomm®E & & %
ZAT CIEFRIC R L CTWn D,

[FIMEMSEATIZFFIC A~ — 8 7 4+ THEH SN 5T OAGOLTEEINIC K& il a7 LTV 5, At
IFBUE, W7 — X sk SREEE /ML Z ATRRICT 2B A O EE R (RF) MEMSZZAFEL T\ 5,
F RN, BEEREO OO ARNERME AT ) R LHERE L WD, BERMLE, KE, HEE,
FToH, FREOAT 4 AT3B0ANL EOREMAEZ L TEY, RN N7+ U4 EZ%E L,
VCW L ELIZHT I FLVOEEETHEL TV 5D,

3.6 L—YP =32 1A AT 4 HVISHDO T ORI 7 7 A 23—/ Microstructured Optical Fibres for
Laser and Biomedical Applications
-IEN T WFIE T — L DR D FFE R FHESE / Commercialization of Team-type Research -
Unit of Assessment: Electrical and electronic engineering, University of Southampton

ZDWFGEA 8T NE, KT 7 A SR TR DO — A3 T o % Prof. David Payne S fiTE 2 #5 8 T U
% University of Southampton®ORC (Optoelectronics Research Center) T19934FE 7> 520134 D M IZHFSE
% BN A Y S T G S S 7 7 A 23— ( MOF; Microstructured Optical Fibres) 02214k - =534k 0 451
Th b, MOFIX, 7 7 A /S—Wri 12 A F AU 72350 70 Hh 28 M 12 X > CRBIRER N Z Hl4E 3 2 JER B 20 R 8
R LB\ AR R VERED AR IENHRE & 72 » TS, — OO I, ke CIRHH /e A —/ 38— 2
T A4 =a2—LT7 7 AX—L—H— (SFL : Supercontinuum Fibre Laser) TH V., ZIIZL-> TR LY
1005 5L E D WAEEE AR - FIHT 2 2 L3 alae L 72 %,

Z DGR V— 713 Prof. Payne Z%EBH(IC 7 4 OZURMCHL S TR Y . T OFEIRAY/KEE TG D T s
VW, 722 ® 7 —71% EPRSC (Engineering and Physical Sciences Research Council) 75 2400 75
v hEES LTI AHEET S & & iC, 2003 4E(21F Fianium & V9 Spin-off (¥ %26 EiF 7=, 4F
72 0 _EIFHRI~E10M ©50 ALLEEZER LT dRFfE, BENY - 27 7 A XA ——aF ¢
Za— A NFEOMARRKOMEE Lo T D, ZTOHEDE IEZRIKFED ORC O &H T, [FfLIE,
FERHIE100K O L~V TRZFITIHFRE AR 5 L L bic, 20RO 90% UL E At U= IS %
H7EHLTWS, FEHRAFOR— N —a T ¢ =2 — AR OHTEIE 2016 4E101E$621M (2725 & Tl
INTND 7L, RIKOFFEMEITH - REXOAIMICLHFEG LTV 5,

4.1 87 bAIHZ v+ A [ Impact Creation Process
EFRDOA T NEFIOGHND, TSR T RSO A 37 AT B ARENR ER - TE 7,
(1) ML 725 2fF5ERE 1 Underpinning Research
EDWFEA X7 FREHNZIBNT S AR & 7o o 728U 1L Appl. Phys. Lett.. Optics Letters % &
FH O Journal IZRR SN TN D, R E Lo KFENHFRAFAT O & O RFTh 0 2 ORFFERR D
EVDIT SR TH DN, TIUOLNHMERA 237 MIBER > TWD Z LIFERTRETH D,
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(2) WF9ET— L O & iEE) / Activity of Research Team
A EIFAAE L7 HR O Clix, WD T DT — LA CHFFERR R 2 H L7 (University of St.
Andrews) 75 KL 098 > % — 27 < A (University of Southampton) £ CTEZE TH 72728, #%
FOBOTNEGHTHY 77 MROREBEG IS Thbc e b,

(3) WFFERRENEREND ETOWM / Period of Commercialization of the Research Outputs.
WFERR P EENZNDREML SN S HICHEEM SN D ETITIZ10~20 FR3 030> TV D, KT
University of St. Andrews @ Light Emitting Dendrimer 13 D% 10 - CToh 5, REF ORI %I 51
MH 15 FRTE THMllo THME R DM EZRET H, LWV HEEFHRARYTHLEEX LD,

(4) WroeHte s 2 %527 > B X OVVC/ Grants and VC to support Research Promotion.
IZIEEOMEREICB DT HIIERREEZ X257 7 bBLOVC EEDOFGRMD TREN, 7
Z Y ML TIFREOE DS S NHEE TH 52, VC KT L CIEIEE A 1960 A0 HHEdE L
1980 4R EEM HAEBAV T & 7= Science Park TOERRE H K& R B2 - L C\Wb 52 L9,

(5) 24 2% A#f / Entrepreneurs in the University
LONOHERTHLPAMITTREN TV L I ITHRA RZ7F%EH . PhD K%#BeAS 8 RED FT i -
TWDZENnnD, A=A P —ThHLEROHEEN L REI VR, BEZHI AMBE > T
52 LMD CEHEETH D,

(6) iR & FE / Market Development
T & BIBICE L T, MFREDOFEHN TCE Y R AV A KORBEIZR S, L LESHOH
THLROLNZEY . £ KFL Spin-out (¥ L DRV D& 1TZ D% LR < BHERBERER-> TV D,
FEOLH . Lilkd Science Park ® X 5 IZ KT L RO BREIEHE OGN S HIZ 2 HMEL T
HEEBEZ LD,

5. #%L % L ¥ [ Discussion and Conclusion

REF FEM O EHI ™ T2 - T, A 237 NMIREKREOHIED RICEE EiFbinns 2 ERFAIT, 1 o
7 FOFHHIZIZRELS 2 8E R HoTo, Thbb, OFEFIERI & %8 A > /37 RRB LN D F
TOMO TR T I & @FENRA VX7 MIHFEIZER -T2 b2 87 AL ERIZHIT 5 i
Bl . Thd, SEFEAITHA00 DDA 37 FFHEZEZRHELZA, 20 2 RIZONWTITH/RED
WFFED BRI FlE & 7 DAFTERR S & A /37 MAI & OB & B3 0 2R L Tz,

—7J5. REF OH1 T RKFEN UOA (R HALTHEH L Tu % Environments §EliE % 7. % & | Research
Strategy, Staffing Strategy, Income, Infrastructure and facilities, Interaction with Industry 72 & 2355250
SINTEY, A7 MBI ERE 2D FROMEER, AREJR, PP 722 & 03 % F ST
HZEMbnD, FRIZEER L o EIZES L CTiE. University of Cambridge @ TLO (Technology Licensing
Organization) Cd % Cambridge Enterprise 73K & e &2 K72 L CWAH R EOMFIN S 5, i, Hi
ERDBAVIZIZERER D BITA 37 PRI STV D 2 & bR T RETH D,

AENE, A 37 AR FF & L THE TR FICLEB LUOWER) ZX5ICIY BiF7eas,
Fig2 ICALNZL T, ZONEHFONZEKEIL Spin-out 3, H5iF. EiidFitD L 5 IR T v N7
v hRA NI IREL A b, £ LTHIE TR L DIC, ZORAIHTrEABIZIERETH T,
EREOKRFZZBNTL, 20X 7o A0FIENETZHBETIZZRWA, 5%, A, B85,
Spin-out, A, MEFEEER COPEEERICZ R L TN ZEEZB LT, @mAEDA X7 NI H
BIZRDTHAI,

(2% 3]
(1] A7 Ty NEESEHEEReWiRaD Y =7 %A | : http://www.hefce.ac.uk/research/ref/
[2]REF ® 7 = 7% A | : http://www.ref.ac.uk/
BYNMRELA, BRAR T SILEEF o [EE OB 2 RAHZEHl REF (28T 54 /37 OS] |
https://dspace.jaist.ac.jp/dspace/bitstream/10119/13248/1/kouen30_154.pdf.
[4] “The nature, scale and beneficiaries of research impact”, king’s College London and Digital Science, March
2015, http://www .kcl.ac.uk/sspp/policy-institute/publications/Analysis-of-REF-impact.pdf
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