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Did Science Cause the Industrial Revolution?

‘W e a re nota nxiousa b outthe honourofa cquiring g old m e d a ls

norofm a king a ne cla tinphilosophica lsocie tie s.’

M a tthe w BoultontoJa m e sW a tt,17832

M a rg a re tJa cob b e lie ve stha te conom istsa nd e conom ic historia nsha ve g ot

som e ke ye le m e ntsofthe British Ind ustria lRe volutionwrong .InThe FirstKnowle d g e

Ec onom y(FKE) she ple a d swith the m tofocusm ore onJa m e sW a tt’sim prove d ste a m

e ng ine a nd le ssonRicha rd Arkwrig ht’swa te rfra m e (the wa te r-powe re d d e vic e tha t

re volutionize d cotton-spinning );m ore onthe com ple xitie sofscie nce -b a se d

te chnolog ic a lcha ng e a nd le ssonitsd e te rm ina ntsa nd qua ntita tive im pa ct.She wa nts

tolure the m a wa yfrom the irstub b ornb e lie ftha t‘skille d a rtisa ns,whose ld om

cra cke d a b ook,he ld the ke ytoBritish ind ustria lprowe ss’(p.85)3.And she b e ra te s

the m forthe irove r-e m pha sisonre la tive fa ctorprice sa nd re source e nd owm e ntsa nd

forthe irfa ilure tog ive the culture ofa pplie d scie nce itsd ue .

Econom ic m od e lsofthe Ind ustria lRe volutionincre a sing lye m pha size the role

ofhum a nca pita l(e .g .Be cke re ta l.2011;Ga lora nd M oa v2004;Ke llye ta l.2014).But

wha td id tha tca pita lconsistof? W a sitlite ra c y,num e ra cy,a nd a ffe ctive tra itsle a rne d

a tschool? O rwa sitskillsa nd d iscipline le a rne d onthe job ? O rd id itconsistin

b e tte rnutritiona nd he a lth,with pe rha psa ssocia te d g a insincog nitive a b ility? It

could we llha ve b e e na na m a lg a m ofthe se .ButJa cob ’sfocusism uc h na rrowe r,for

2 Cite d inCookson1994:154.

3 Alluna ttrib ute d pa g e re fe re nce sa re toFKE.
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she conce ntra te sonlyonscie nce -b a se d knowle d g e a cquire d b ye ntre pre ne ursa nd

m e cha nics.

FKEisa com b a tive contrib utionb ya d isting uishe d historia nofscie nc e toa n

old d e b a te a b outthe role ofscie nce -b a se d te c hnolog ya tthe d a wnofm od e rn

e conom ic g rowth.Tha td e b a te flourishe d inthe 1960sa nd 1970sa nd c e ntre d a round

the a rg um e ntb yAlb e rtE.M ussona nd Eric Rob inson(1969:vii) tha tthe te chnolog y

und e rpinning the Ind ustria lRe volutionre quire d som e thing m ore tha nthe ‘unle tte re d

e m piricism ’oftra d itiona lhistoriog ra phy.W ork b yhistoria nsofsc ie nce such a s

Ca rd we ll(1972) a nd H a ll(1974) a nd e conom ic historia nssuch a sM a thia s(1972) a nd

H a rris(1998) c a lle d intoque stionM ussona nd Rob inson'se m pha sisonscie nce inthe

d e ve lopm e ntofthe ne w ind ustria lte chnolog ya nd re a ffirm e d the prim a cyofa rtisa na l

knowle d g e . Sub se que ntwork,nota b lyb yCookson(1994),ha ste nd e d tore inforce

thisposition.Asa re sult,forthe pe riod b e fore the m id -nine te e nth ce nturythe history

ofscie nce a nd the historyofte chnolog yha ve b e com e incre a sing lyind e pe nd e ntof

e a ch othe r(W e ng e nroth 2000;com pa re Be rg eta l.2007).

W ha tne w d oe sJa cob b ring tothisold d e b a te ? InFKEhe rfocusisle ssonthe

d e ve lopm e ntofscie nce from the sixte e nth ce nturyon— the so-ca lle d ‘scie ntific

re volution’— tha nonthe culture tha tforg e d the link b e twe e nscie nc e a nd ind ustryin

the e ig hte e nth a nd e a rlynine te e nth ce nturie s.H e rd e pictionoftha tculture throug h

‘a se rie sofm icrocosm s’(p.221) orca se stud ie se nca psula ting the va lue sa nd the

inform a tiona ltra nsm issionm e cha nism stha tshe cha m pionsisd one with skilla nd

conviction.H e re m pha sisoninnova tive e ntre pre ne urs,e m b od im e ntsofwha tshe long

a g o(1981) d ub b e d the ‘m od e ra te Enlig hte nm e nt’,isinline with re c e ntwork b yJoe l

M okyr(2002,2009),thoug h he ta ke sa m uch b roa d e rvie w ofthe Enlig hte nm e nt's
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e ffe ctsone conom ic d e ve lopm e nt.Also,a nd a g a inunlike b oth M okyra nd

pa rticipa ntsinthe e a rlie rd e b a te ,Ja cob wa ntstoa rg ue tha tEng la nd 'spre cocious

ind ustria liza tionwa sc hie flythe re sultofitsb e ing m ore e nlig hte ne d initsa ttitud e to

scie nce tha ncountrie sonthe contine nt.Thisre a d ing ofscie ntific a nd ind ustria l

historyisinform e d b yJa cob 's(1981,1987,1997) owne xte nsive re se a rc h onscie nce

d uring the Enlig hte nm e nt.She d oe snotb ring tothe prob le m a nym a jororsyste m a tic

colle ctionofd a ta inthe se nse knowntoe conom ists.Inste a d she offe rsvivid

storyte lling b a se d onwid e re a d ing a nd rich qua lita tive a rchiva lm a te ria l.

Thisre vie w e ssa ypa ystrib ute toJa cob ’sfe istyca se forthe role ofscie nce ,b ut

ta ke sissue with he rcha ra cte riza tionofthe hum a nca pita ltha tm a d e the Ind ustria l

Re volutiona nd d e fe nd sthe role ofm ore m od e stform sofle a rning a nd ofa rtisa na l

g e nius.

1.Luna ticksa nd M echa nicks:

Europe onthe e ve ofind ustria liza tionsa w e conom istFra nçoisQ ue sna y

wowing the courtinVe rsa ille swith hisphysiocra tic ‘zig -za g s’,Be nja m inFra nklin

hob nob b ing with the Birm ing ha m ind ustria listM a tthe w Boulton,a nd Ge org e

W a shing tone xcha ng ing note swith a g ronom istArthurYoung .InFKEJa cob popula te s

he rEng la nd with sim ila rlyurb a ne ‘cosm opolita ns’(p.35),spind le -m a ke rsve rse d in

the ore tica la nd a pplie d m a the m a tics(p.16),‘ub iquitouse ng ine e rs’le a rning from

‘N e wtonia nte xtb ooks’(p.114),nob le m e nfa m ilia rwith ‘the m e cha nic a lknowle d g e

ne c e ssa rytointe rrog a te surve yorsa nd e ng ine e rs’(p.133;a lsopp.8,222,224),

tra ve lling le cture rsa nd m a the m a ticste a che rswho‘criss-crosse d the c ountry’,a nd
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stud yg roupsorg a nize d tob rush uponN e wtonia nm e cha nic s(pp.55-56).

Inthisla nd ofsc ie nce -b a se d innova tionM a tthe w Boulton’spa ra d ig m a tic

pa rtne rshipwith Ja m e sW a ttissore sona ntofthe m a rria g e b e twe e nm a nufa cturing

a nd scie nce tha tBirm ing ha m ,whe re ‘the d a nd ya nd the Scot’(p.27) m a d e the irste a m

e ng ine s,b e com e s‘the e pic e nte rofthe na sce ntInd ustria lRe volution’(pp.12,21,49).

Thisisthe la nd ofthe Luna rSocie ty,whe re scie ntistsa nd b usine ssm e nb rushe d

should e rsa nd ta lke d sc ie nce ,a nd ofthe Lite ra rya nd Philosophica lSocie tyof

M a nche ste r(1781),which joine d the inte lle c tua lcuriositya nd ‘use fulknowle d g e ’

(M okyr2002) a tthe he a rtofJa cob ’sstory(pp.104-6).Thirte e nofthe Lita nd Phil’s

orig ina lm e m b e rshipoffiftywe re te xtile m a nufa cture rs,a nd itshonora rym e m b e rs

includ e d W e d g wood a nd La voisie r.Ja m e sW a ttJuniorwould b e com e itsse cre ta ryin

1790 a tthe a g e oftwe nty-one a nd a tom ic scie ntistJohnDa ltonthe Socie ty’sle a d ing

lig ht.M a nufa cture rsm ing le d with surg e ons,la wye rs,cle rg ym e n,a nd m e rcha ntsa nd

d iscusse d topic sra ng ing from a cle rg ym a n’s‘Atte m pttoShe w tha ta Ta ste forthe

Be a utie sofN a ture ha snoInflue nce Fa voura b le toM ora ls’toDa lton’s‘Extra ord ina ry

Fa ctsRe la ting tothe VisionofColours’.4

Ye twhile such socie tie sle ntscie ntific knowle d g e re spe cta b ility,the irrole in

spre a d ing itwa slim ite d .The Luna rSocie tyha d nom ore tha na b outa d oze n

m e m b e rs,m e tra re ly,a nd som e ofitsm e e ting swe re poorlya tte nd e d (Jone s2009:86-

94).And a lthoug h one ofthe re a sonsg ive nforthe found a tionofthe M a nche ste rPhil

a nd Litwa sthe pe rce ptiontha t‘fe w ofourm e cha nicsund e rsta nd the principle sof

4 The se pre se nta tionsm a yb e found M em oirsofthe Litera rya nd Philosophic a lSoc ietyof

M a nc hester(1789) 1:223-40;(1798) 5(1):28-45.
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the irowna rtsa nd the d iscove rie sm a d e inothe rcolla te ra la nd kind re d m a nufa cture s’

(cite d inCa rd we ll1972:23),itsm e m b e rshipwa shig hlyse le c tive .Birm ing ha m ’s

‘Luna ticks’e xclud e d e ve nthe m ostg ifte d ofBoultona nd W a tt’se m ploye e s.Such

socie tie sope ra te d m ore like priva te club stha nope nforum sforthe spre a d ofid e a s,

a nd we re m ore inte re ste d inthe sc ie ntific topicsofthe d a ytha ninthe irlinkswith

ind ustry.Ind ustria listswhojoine d the m sa w the m a sa sta irwa ytosocia lm ob ilitya nd

g e ntility(Ca rd we ll1970;Cookson1994:154-5;U g low 2002:353;Jone s2009:82-94).5

Ag ronom istArthurYoung wa sa m e m b e rofthe Socie tyforthe Encoura g e m e nt

ofthe Arts,M a nufa cture sa nd Com m e rce a nd wa se le cte d Fe llow ofthe Roya lSocie ty

in1774,b utthose linkspost-d a te d hisfa m oustoursofEng lish a g ricultura ld istricts.

H isrole wa sre cog nize d b ythe Enlig hte nm e nt,b utnotinspire d b yit,b e c a use the

g ra d ua lim prove m e ntina g ricultura lprod uctivitytha the d ocum e nte d pre c e d e d the

Enlig hte nm e nt,a nd the inform a tiontha the g a the re d onhise a rlytoursowe d little to

b ook-le a rning orsc ie nc e .Ironica lly,Boultona nd W a ttwe re quite pa ra noid a b out

prote cting the irown‘use fulknowle d g e ’,6 som uch sotha tYoung wa s‘nowhe re m ore

5Toa d d tothe irony,b e fore Boultona nd W a ttb e g a nste a m e ng ine prod uctioninSohoin

1795,the yre lie d he a vilyonoutsourcing toothe rm a nufa cture rsa nd consulta nte re ctorswho

inturnwe re he a vilyd e pe nd e ntonskille d a rtisa nsunve rse d inscie nce a nd m a the m a tics.

6 Ja cob (p.12) note sthe pre va le nce ofind ustria le spiona g e ,a g a instwhich pa te ntsoffe re d little

prote ction.Prob a b lym ore ‘use fulknowle d g e ’wa stra nsm itte d throug h e spiona g e tha n

throug h le a rne d socie tie s.Lie ve nBa uwe ns(1769-1822) a nd Sa m ue lSla te r(1768-1835) spre a d

the ne w spinning te chnolog ytoBe lg ium a nd Rhod e Isla nd ,re spe ctive ly,with id e a sor

m a chine rysm ug g le d outofEng la nd inthe la te 1790s.Sla te rha d worke d inBe lpe rforJe d e d ia h

Strutt;soonN e w Eng la nd b la cksm ithsa nd whe e lwrig htswe re d uplica ting Sla te r’sd e sig ns

(com pa re Je re m y1973;Be n-Ata r1995;H a rris1997;M okyr1976:27-8).And while the le g e nd

tha tBe nja m inH untsm a n’sste e l-m a king proce sswa spira te d b ya She ffie ld riva lwhog a ine d



6

d isa ppointe d tha ninBirm ing ha m ’whe re he ‘could notg a ina nyinte llig e nc e e ve nof

the m ostcom m onna ture ’,includ ing d a ta onwa g e s(Young 1771:III,279).

FKEa lsom a ke sm uch ofthe m e cha nics’institute stha tsproute d upa llove r

Brita ininthe 1820sa nd ta ug htworkm e nthe knowle d g e of‘scie ntific principle s’(pp.

99,104,106-9,115).Prod uctsofa c a m pa ig ntoe d uca te a nd re form the working cla sse s,

the yre pre se nte d a m a ssm ove m e ntinthe se nse tha t‘e ve ryla rg e towna nd m a nya

sm a llone ’ha d itsowninstitute (Inkste r1976).The b ig g e stofthe m ,offe ring course s

inm e cha nics,d ra wing ,a nd the like ,a ttra cte d m e m b e rshipsofa thousa nd orm ore .

The institute swonsupportfrom the stra tum tha ta lsosupporte d the sa ving sb a nks

m ove m e nt— includ ing Da vid Ric a rd oa nd Ja m e sM ill.Butlike the sa ving sb a nks,the

m e cha nics’institute sultim a te lyfa ile d tore ta inthe inte re stofthe pe ople the ywe re

suppose d tob e ne fit(Tyle cote 1957:259-60;Fishlow 1961;Cookson1994:151).Soon

a tte nd a nc e sb e g a ntofa lloff;a tte m ptswe re m a d e tolure pe ople b a ck with cla sse son

m e sm e rism ,phre nolog y,a nd lite ra ture (Ca rd we ll1972:71).Ina nye ve nt,the institute s

ca m e m uch toola te toha ve ha d a nim pa ctontha tcruc ia lpe riod ofthe Ind ustria l

Re volutionc.1785-1820,whe nthe e conom ic a nd g e og ra phic la nd sca pe ofBrita inwa s

tra nsform e d .

2.The Id entikitEntrepreneur?

a c c e ssb yse e king a wa rm pla c e tosle e psound sa pocrypha l,H untsm a nwa sind e e d pre yto

contine nta lpira te s(H e y2004).



7

H ow re lia ntwe re the inve ntorsa nd e ntre pre ne ursofthe Ind ustria lRe volution

onthe ‘rocke tsc ie nce ’ofthe ird a y?W howa sthe m ore typica l:potte rJosia h

W e d g e wood ,whocould hold forth on‘Acid s& Alca lie s,Pre c ipita tion,Sa tura tion,& c’,

orJe d e d ia h Strutt,whose e d uca tionwa s‘na rrow a nd contra cte d ’;M a tthe w Boulton,

whowa s‘m ore a thom e incourtlysoc ie tytha nonthe workshopfloor’,orironfound e r

Isa a c W ilkinson,whoa tte nd e d a schoolfora spira ntchurchm e n(U g low 202:56;Ja cob

2014:25;Fittona nd W a d sworth 1958:3;Cha lone r1960:33)? Ja cob d e vote s

d isproportiona te a tte ntion— thre e cha pte rsofFKE— toBoultona nd W a ttin

Birm ing ha m ,Ja m e sM cConne la nd JohnKe nne d yinM a nche ste r,a nd JohnM a rsha llin

Le e d s.The firsttwowe re a ssoc ia te d with the im prove d ste a m e ng ine ;the othe rswe re

te xtile prod uce rswhoe m ploye d such e ng ine s.Ja cob ’spe npicture softhe m a re we ll

d one a nd com pe lling .Allfive fita nid e ntikitinnova torwe d d e d toscie ntific a nd

te chnolog ic a lculture a nd toste a m .Buthow typica lwe re the y?

De scrib ing wha twa s‘typica l’isnote a sy7,b utAlle n(2009) a nd M e ise nza hla nd

M okyr(2012) ha ve prod uce d d a ta b a se sd ire cte d a tthisque stion.Ab outha lfofthe

e ig htyhig h-profile inve ntorsinAlle n’sd a ta b a se ha d e nlig hte nm e ntc onne ctions

(2009:248-9),a lthoug h a fe w,such a sthe a g ronom istArthurYoung ,the te xtile b a ron

JohnKe nne d y,a nd the clock-a nd instrum e nt-m a ke rH e nryH ind le y,m a d e the

conne ctionla te inthe d a y.Butthose we re the W ho’sW ho: M e ise nza hla nd M okyr

focusinste a d on759 m ore m od e st‘twe a ke rsa nd im ple m e nte rs’whom e re lyim prove d

one xisting inve ntions.Le sstha none -fourth ofthose ha d a nyschooling othe rtha na n

7Com pa re H one ym a n1982;Crouze t1985;M a cLe od a nd N uvola ri2006;Ca ntre lla nd Cookson

2002.
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a ppre ntice ship,while onlyone inse ve nwa sa m e m b e rofa socie tysuch a sthe

M a nche ste rLita nd Phil(M e ise nza hla nd M okyr2012;Ta b le s2a nd 6).

Inre a lity,m ostofthe fore m ostinve ntor-e ntre pre ne ursofthe Ind ustria l

Re volutionwe re ofra the rm od e st,a rtisa na lorig ins.The listinclud e sArkwrig ht,

Strutt,ironm a ste rJohnW ilkinson(inve ntorofthe pre cisionb oring m a chine use d in

the constructionofste a m e ng ine s),H e nryM a ud sla y(m a chine -toolinve ntor),Ja m e s

H a rg re a ve s(inve ntorofthe spinning je nny),Cha rle sTe nna nt(whod iscove re d

b le a ching powd e r),a nd M a tthe w M urra y(m a chinist,riva ltoBoultona nd W a tt).W a tt

d e scrib e d H e nryCort,inve ntorofthe pud d ling proce ss,a s‘a sim ple g ood -na ture d

m a nb utnotve ryknowing ’(M cLe od 2007:40),while Sa m ue lCrom pton‘posse sse d

onlysuch toolsa she purcha se d with hislittle e a rning sa c quire d b yla b oura tthe loom

orje nny’(Ke nne d y1831:319-20)8.The historyofsm a llpoxinocula tion,a te chnique

d e ve lope d inthe 1750sb ya g roupofprovincia lsurg e ons/a pothe c a rie swithoutform a l

m e d ic a ltra ining ,isa nothe re xa m ple .9 The se a rtisa ns-m a d e -g ood we re the m ost

ta le nte d a nd a m b itiousprod uctsofa syste m tha tcom b ine d b a sic schooling inlite ra cy

a nd a rithm e tic with a ppre ntice shipsb a se d m a inlyonle a rning -b y-d oing .Tha tsyste m

yie ld e d worke rssova lua b le tha titwa sa c rim e forthe m toe m ig ra te b e fore the m id -

1820s(Cookson1994:145;Be nsim on2011).

Ye te ve nfocusing onthe like softhose na m e d a b ove ig nore sthe inc re m e nta l,

8 JohnKe nne d y,‘A b rie fm e m oirofSa m ue lCrom pton’,M em oirsa nd ofthe Litera rya nd

Philosophic a lSocietyofM a nc hester,se r.2,vol.5(1831) 5:319-20

[http://b ooks.g oog le .ie /b ooks?id =xAZ_ 56m G2-4C& pg =PA318& lpg #v=one pa g e & q& f=fa lse ].

9 Ind e e d ,m a nya c a d e m ic a llytra ine d physicia nsoppose d the irm e thod s.Iowe thise xa m ple to

Pe te rRa zze ll.
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low-te ch,a nd a nonym ousna ture ofm uch te c hnolog ic a lcha ng e inthise ra .During

the e ig hte e nth ce ntury,fore xa m ple ,wa tchm a king b e ne fitte d from nom a jor

te chnolog ic a lb re a kthroug hsa pa rtfrom the d e a d -b e a te sca pe m e nt(c.1715) a nd the

inve ntionofca stste e l(c.1740).Ye tprod uctivityg rowth wa scontinuousa nd

sig nifica nt— thoug h notquite a sfa sta sim plie d b yAd a m Sm ith (Sm ith 1976:260-1;

Ke llya nd Ó Grád a 2014).Shipd e sig ninBrita inwa sm a inlya rtisa na linthispe riod .

The m a jorb re a kthroug h wa scoppe rshe a thing ,a nid e a tha twa sne ve rpa te nte d a nd

whose inve ntorisunknown.Itsd e ve lopm e ntowe d m osttothe Roya lN a vy's

willing ne ssa nd a b ilitytofina nce e xpe rim e nta lvoya g e s(Sola r2013).

Ca ptiva te d b yBoultona nd W a tt’sstrug g le swith the irpa te nts,Ja cob a sse rts

tha t‘inBrita in,innova tionsm e a ntpa te nts’(pp.22,24,40-42,159).Butthisisto

e m b ra c e a ve ryna rrow vie w ofte chnolog ic a lc ha ng e d uring the Ind ustria lRe volution.

Itisa lsotoig nore a ne xte nsive lite ra ture tha td e e m sBrita in’spa te ntsyste m

cum b e rsom e a nd unre lia b le a nd e xpe nsive ,with the re sulttha tm ostinve ntors

shunne d it(Dutton1984;M cLe od 1988,2009;M cLe od a nd N uvola ri2011;M ose r2012).

Se ve ra lhig h-profile inve ntionswe re ne ve rpa te nte d ;m ore im porta ntly,the

incre m e nta lcha ng e stha twe re occurring throug houtthe e conom ywe re im possib le to

pa te nt.Sig nifica ntly,m ostBritish g ood sa nd proce sse sonshow a tthe Gre a t

Exhib itionof1851ha d b e e nd e ve lope d withouta pa te nt.Pe rha psa syste m close rtothe

Am e rica nm od e lwould ha ve spurre d m ore inve ntive a ctivity;a sm a tte rsstood ,Brita in

a chie ve d a nd m a inta ine d te chnolog ic a lle a d e rshipuntilm id -ce nturywith little re sort

topa te nts.
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3.Textiles,Coa l,a nd Stea m :

‘W hoe ve rsa ysind ustria lre volutionsa yscotton’(H ob sb a wm 1999:34).This

e nd uring c lic hére m a insa use fule xa g g e ra tion,since e stim a te softhe te xtile se c tor’s

contrib utiontom e a sure d prod uctivityg rowth b e twe e nthe 1780sa nd the 1860sra ng e

from a qua rte rtob e twe e na ha lfa nd thre e qua rte rswhe na g riculture isa d d e d on

(M cCloske y1981:114;H a rle y1993;Cla rk 2014:Ta b le 2).Prod uctivityg rowth inte xtile s

(cotton,woole ns,worste d s,line ns) m a tte re d b e c a use the se c tora c counte d fora b out

ha lfofBritish ind ustria loutputthroug houtthe e ig hte e nth ce ntury(Cra ftsa nd H a rle y

1995:729).Byc.1830 cottong ood sa c counte d forha lfofa llBritish e xports.

Ye tb e c a use Ja cob d islike sthe old orthod oxy‘tha tthe ind ustria liza tionofcloth

prod uctionre quire d notste a m ,b utje nnie sa nd wa te rpowe r’,she isnotinte re ste d in

te xtile se xce ptinsofa ra sthe ywe re linke d toste a m e ng ine te chnolog y(Ja cob 2007:

200).She isa wa re (p.90) ofpe ople like the ‘twoJourne ym e nCloc k-M a ke rs,orothe rs

tha tund e rsta nd sTooth a nd Pinionwe ll’,the ‘Sm ith tha tca nforg e a nd file ’,a nd the

‘twoW ood Turne rstha tha ve b e e na c custom e d toW he e l-m a king ,Spole -turning ,& c.’

soug htb yArkwrig hta nd Struttforthe irre volutiona rywa te r-powe re d spinning m illin

Crom ford in1771(Fittona nd W a d sworth 1958:65),b utinFKEne ithe rCrom ptonnor

Struttre pre se nt‘the firstg e ne ra tionofcottonm a nufa cture rs’(p.85).Fine cotton

spinne rsM cConne la nd Ke nne d y,whoinsta lle d a 16h.p.ste a m e ng ine in1797,a re

a lloca te d tha trole . Butthe re wa snothing spe cia la b outthe irste a m e ng ine .

Ka ne fsky’sd a ta b a se ofe ig hte e nth ce nturyste a m e ng ine s(Ka ne fsky1979a a nd

pe rsona lcom m unica tionforthe a uthor) re cord sa round twohund re d ste a m e ng ine s,

includ ing ove rfiftyb yBoultona nd W a tt,a sha ving b e e ninsta lle d inBritish cotton
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m illsb e fore 1797;ove rha lfofthe se e ng ine swe re inLa nca shire . N e a rlyone hund re d

a re knowntoha ve d rive nte xtile m a chine ryd ire ctly(a tle a stfortyre -circula te d wa te r

towa te rwhe e lsa nd the use ofthe re m a ind e risnotknown),a nd ofthe se d ire ctd rive

e ng ine sove rfortyha d a g a inb e e ninsta lle d inLa nca shire ,includ ing se ve nte e nb y

Boultona nd W a tt,sta rting ove ra d e c a d e e a rlie r.So,wha te ve rthe irscie ntific

le a ning s,M cConne la nd Ke nne d ywe re followe rsra the rtha nle a d e rsinthe iruse of

ste a m powe r.

The wa te rwhe e lm a yha ve la cke d the ste a m e ng ine ’sve rsa tilityb utm ost

Eng lish te xtile m a nufa c ture rswould continue re lyonwa te rpowe rfora fe w m ore

d e c a d e s(vonTunze lm a nn1978:183,224).N ord id wa te rpowe rte chnolog ysta nd still:

Ca rd we ll(1965) a nd Ka ne fsky(1979) ha ve hig hlig hte d a d va nce sinwa te rpowe r

te chnolog ywe llintointhe nine te e nth ce ntury.10 And Ja cob issile ntonthe wid e ly

cite d find ing b yvonTunze lm a nn(1978;com pa re Cra fts2004) tha tb e fore the e a rly

nine te e nth ce nturythe contrib utionofste a m powe rtoe conom ic g rowth wa sm inim a l.

Ja cob ’sund ue focusonM cConne la nd Ke nne d yre fuse stoa cknowle d g e the stub b orn

fa ctstha t‘a llthe m a jorte chnica lb re a kthroug hsincotton-spinning ’pre d a te d ste a m

powe ra nd tha tinthe e a rlyye a rsthe use ofste a m powe rwa sconfine d toca rd ing a nd

m ule spinning (va nTunze lm a nn1978:182-3).The se e xa m ple sa lsohig hlig htthe

te nd e ncyofFKEtotre a tthe e ntire pe riod b e twe e nc.1750 a nd c.1850 a stim e le ssa nd

hom og e nous.

Da ta onprofe ssiona lprize sa nd othe rre wa rd sto‘twe a ke rs’a crossa ra ng e of

10 The m ostim porta nt(d e scrib e d ind e ta ilb yKa ne fsky1979:48-62) includ e Fa irb a irn'srim

d rive ,lig hte ra nd strong e rste e lwhe e lfra m e s,Je a n-VictorPonce le t'scurve d b ucke tsa nd ,from

the 1840s,wa te rturb ine s(the inve ntionofFre nch e ng ine e rBe noîtFourne yron).
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se ctors,a sa m e a sure ofthe link b e twe e nsc ie nce a nd com m e rce ,pointtoa sta rk

contra stb e twe e nte xtile sa nd the re stofthe e conom y(M e ise nza hla nd M okyr2012).

Be fore 1800,only16pe rce ntofthe 124 ‘twe a ke rs’inte xtile swona wa rd s,com pa re d to

67pe rce ntofthe re m a ind e r.Post-1800,the pe rce nta g e swe re 20 a nd 81,re spe ctive ly.

Pre -1800,only2of124 ‘twe a ke rs’inte xtile sb e c a m e m e m b e rsofthe Roya lSocie ty,

com pa re d to31of73 instrum e nt-m a ke rs(d e rive d from M e ise nza hla nd M okyr2012:

Ta b le 6).And the proportionswhose e d uca tionwa sm inim a lorunknownwe re hig he r

tha nina nyothe rse ctor.

Ste a m — a nd the re fore coa l(pp.57-82)— a re a tthe he a rtofJa c ob ’sca se for

scie nce .Inthe long run,ce rta inly,coa la nd Ja m e sW a tt— a nd Richa rd Tre vithick,who

pione e re d the ra ilwa ylocom otive 11— we re m ore im porta nttha ncottona nd Richa rd

Arkwrig ht.The pa rtpla ye d b ycoa linfre e ing hum a nityfrom d e pe nd e nc e onve g e ta l

e ne rg ysource swa sa sim porta ntinitsd a ya sthe role ofnon-fossilfue lsinprote cting

thisa nd future g e ne ra tionsa g a instg lob a lwa rm ing (W rig le y2010).H owe ve r,ste a m ’s

role a tthe he ig htofthe Ind ustria lRe volution,b oth a sa source ofe ne rg yre la tive to

wa te rpowe ra nd inte rm sofitscontrib utiontoove ra lle conom ic g rowth,wa sd istinc tly

se cond a ry(Ta b le 1).

Ta b le 1.Sourc e sofEne rg y1760-1870 (1,000 horse powe r)

Ye a r Ste a m W a te r W ind Tota l

1760 5 70 10 85

1800 35 120 15 170

11M ytha nkstoJohnKa ne fskyforinsisting onthis.
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1830 165 165 20 350

1870 2060 230 10 2300

Source :Cra fts2004:342,a fte rKa ne fsky1979a

Fora llthe irnove lty,the a ve ra g e horse powe rofBoultona nd W a ttrota tive

e ng ine swa sonly15h.p.c.1800 (vonTunze lm a nn1978:28-29],a nd 60 h.p.wa sstill

consid e re d la rg e inthe 1820s.M ore ove r,Ka ne fksy’sre vie w ofthe e vid e nc e c.1870

sug g e ststha twhile ste a m wa soffund a m e nta lim porta nce inm ining ,te xtile s,

tra nsport,a nd m e ta llurg y,a crossla rg e swa the sofind ustria lBrita in,the d iffusionof

ste a m powe rwa sstillfa rfrom com ple te .Ag riculture a nd the se rvice se ctorre m a ine d

la rg e lyuntouche d .Eve nincoa lm ining ,the e xpa nsionofoutputconsiste d ofhiring

m ore m e nwith pic ksa nd shove lstoe xtra ctthe coa l(Ka ne fsky1979b ;Sa m ue l1977;

Cra fts2004:341-2).

Ja cob d e vote sa cha pte rtoLe e d s,a citytra nsform e d b ywoole na nd line nm ills

a nd m a jore ng ine e ring firm sd uring the Ind ustria lRe volution.12 Le e d ste xtile

m a nufa cture rsd id ta ke upste a m powe rquite ra pid ly,b utb ythe 1820sa nd 1830sthis

wa snolong e rg ood e vid e nc e ofre lia nce onthe ‘scie ntifica llyinform e d ,fa ctoryb a se d

e xpe rim e nta tion’(p.110) tha tshe cha m pions.Ironica lly,Le e d sprovid e sthe b e st

witne sse sa g a instthe c e ntra lityof‘scie ntific knowle d g e ofa m e cha nic a lsort,a nd

che m istry’(p.114).Ja c ob ’sd e pictionofLe e d sind ustria listM a tthe w M urra y(1765-

1828) a s‘m e cha nic a llylite ra te e ntre pre ne ur’(p.125) isnote a silysqua re d with the

a rtisa n-g e niuswhocontinue d tom a ke ‘hisca lcula tionswith a c a rpe nte rslid ing rule ’,

12 Le e d s’popula tiong re w from a b out30,000 in1770 to222,189 in1841.
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a nd ‘ha d nothing tod owith scie ntistsd uring hism ostprod uctive a nd innova tive

ye a rs’(Cookson1994:150,154-5;Cookson2004).Anothe rfa m ousLe e d se ng ine e ra nd

inve ntor,Pe te rFa irb a irn,b e g a nwork ina collie rya tthe a g e ofe le ve n;he se tup

b usine ss‘ina sm a llroom inLa d yLa ne in1826,whe re a 'sta lwa rtIrishm a n'powe re d

the la the ’(Cookson1994:219).

4.Artisa nH um a nCa pita l:

Tod a ythe ke yrole ofe d uca tiona nd lite ra cyinprom oting e conom ic g rowth is

a d m itte d ona llsid e s,b ute conom ic historia nsd isa g re e a b outthe role ofe d uca tionin

the Ind ustria lRe volution.Itisofte nnote d tha tb e c a use Brita in’sre c ord onlite ra cy

wa sm e d iocre a nd tha tm a sslite ra cywa snota pre re quisite fore a rlyind ustria liza tion.

Ja cob ’sfocusisnotonm a sslite ra cyb utonthe sortofscie ntific tra ining she d e e m s

ne c e ssa ryfora c a re e rinind ustryd uring the Ind ustria lRe volution:tha tre quire d ,

b e sid e slite ra cya nd num e ra cy,a ne d uca tioning e om e try,a lg e b ra ,a nd ‘b a sic

m e cha nicsofa N e wtonia nsort’(p.157).

O ne loca lc a se stud ym a yb e instructive inthisre spe ct.Pre scotin

southwe ste rnLa nca shire ha d b e e ne pic e nte rofEng la nd ’swa tchm a king ind ustrysince

the e a rlye ig hte e nth ce ntury(Ba ile ya nd Ba rke r1969).ItsAng lic a npa rish re g iste rs

re ve a ltha tthe ove ra lllite ra cyra te inPre scot,loca te d withine ig htm ile sofLive rpool,

wa sve rylow,a nd showe d little sig nofa nyincre a se b e fore the m id -nine te e nth

ce ntury.Butthe re wa sconsid e ra b le va ria tioninlite ra c ya crossoc cupa tions.Collie rs

we re ne a rlya llillite ra te throug houtthe pe riod ,a swe re shoe m a ke rsa nd la b ore rs.

Fa rm e rswe re m uch le sslike lytob e illite ra te — a nd Thirsk (1985:571-4) ha shig hlig hte d
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the role ofprintinha ste ning the d iffusionofa g ricultura lte chnique s— b utthe ywe re

notre lucta nttom a rryillite ra te wom e n.W hite -colla rworke rs,inva ria b lylite ra te

the m se lve s,m a rrie d lite ra te wom e n.Butwha tissure lysig nifica ntistha tPre scot’s

wa tchm a ke rsa nd a rtisa nsg e ne ra llywe re m uch m ore like lytob e lite ra te tha nthe

a ve ra g e .O fthe 183 wa tch-a nd wa tch-toolm a ke rswhom a rrie d inPre scotb e twe e n

1773 a nd 1845m ore tha ntwo-third s(131) sig ne d the m a rria g e re g iste r.The irwive s

we re ne a rlya llillite ra te ,which sug g e ststha twa tchm a ke rssa w lite ra c ya sa n

inve stm e nt,whe re a sforthe white -c olla re lite itwa sconsum ption.Insum ,a rtisa ns

te nd e d toinve stinlite ra cy,iffa ctoryha nd sa nd m ine rsd id not.13

Ja cob re pe a te d lysta te stha thow ‘sc ie ntific knowle d g e ’wa sa cquire d — a nd

the re fore how wid e spre a d itwa s— re m a insa b la ck b ox(pp.8,133,223).Butshe fa ilsto

note tha te ve nsom e ofthe d iscove rie sofb e tte r-e d uca te d inve ntorssuch a sGe org e

Ste phe nsona nd Richa rd Rob e rtswe re b a se d ,noton‘sc ie ntific knowle d g e ’b uton

‘tinke ring ’(com pa re M cCloske y2010:43-4).Eve nTe nna nt’sd iscove ryofb le a ching

powd e rin1799 wa sthe prod uctoftria la nd e rrora nd ‘could ha ve b e e nm a d e b ya ny

ob se rva nta rtisa n’(Cole y2000:37).And a lthoug h Ja cob conce d e sthe ub iquityof

tra ine d a rtisa ns,she und e rra te sthe irce ntra lrole inthe Ind ustria lRe volution(pp.12,

157;com pa re Ta nn1974).Appre ntice shipinEng la nd wa sfa rre m ove d from the

c a ric a ture pa inte d b yAd a m Sm ith inthe W e a lth ofN a tions.Re silie nta nd a d a pta b le ,it

wa sa fa rm ore e ffe ctive m e a nsoftra nsm itting ‘use fulknowle d g e ’tha nthe le a rne d

socie tie s,se cond a rysc hools,orm e cha nic s’institute sg ive nprid e ofpla c e b yJa cob .So

ope nwa sa c c e sstoa ppre ntice shipstha tin1700 ove rone young a d ultm a le infourha d

13 Thispa tte rnisb roa d lyre plica te d inthe ne ig hb oring pa rish ofW a rring ton.
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com ple te d one (M okyr2009:118).Thiswa sa prod uctivity-a ug m e nting ,m a rke t-

d rive n,a nd se lf-re g ula te d institution,inwhich m a ste rsa nd se rva ntsc oope ra te d ina

we ll-re cog nize d wa y(H um phrie s2003;M innsa nd W a llis2012;va nd e rBe e k 2014).

Le ssd ista nce d from the tra d itiona lte xtb ook ste re otype ,the Fre nch a ppre ntice ship

syste m wa sm uch m ore re strictive tha nthe Eng lish (Ka pla n1993;Crowston2005).

5.French a nd Dutch Reta rd a tion:

Ja cob a ttrib ute sBrita in’sle a d ove rFra nce toa ne lite tha twa s‘a tle a sta

g e ne ra tiona he a d ’inte rm sof‘scie ntific knowle d g e a nd e d uca tionofa m e cha nic a l

sort’(p.132,138).Brita in'sothe rcontine nta lriva ls,the Dutch,we re hig hlylite ra te b ut

fa ile d toconce ntra te on‘te chnolog ic a lle a rning ’(p.205-8).Butthe re isa na lte rna tive

e xpla na tionofhe re vid e nc e :the priva te supplyofsuch tra ining wa susua llya m ple

whe re the re wa sa d e m a nd forit.And soitisha rd lysurprising tha tthe U nive rsityof

Durha m ,sitting inthe m id stofBrita in'sla rg e stcoa lfie ld s,would offe rcourse sin

m ining e ng ine e ring inthe 1830swhile the re wa slittle e nthusia sm form e cha nicsin

institutionsofhig he rle a rning in‘H a rd e rwijk,De ve nte r,a nd Ge ld e rla nd ’(pp.74,193,

207).

Econom ic historia nsha ve long d e b a te d whyFra nce a nd the N e the rla nd sfa ile d

toind ustria lize whe nBrita ind id (e .g .Kind le b e rg e r1964;O ’Brie na nd Ke yd a r1978;

M okyr2000;Crouze t2003).ForJa cob the m a inre a sonforFre nch e c onom ic

re ta rd a tionistha t‘scie ntific e d uca tionoccurre d infitsa nd sta rts’(p.188),while the

contra sting fortune sofind ustria lizing Be lg ium a nd the la g g a rd N e the rla nd sste m m e d

from the irre spe ctive sta nce on‘e d uca tionwith a nind ustria lfocus’.M a a strichtisthe
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Dutch e xce ptiontha tprove sthe rule :the onlyre a sonJa c ob g ive sforitsre la tive

succ e ssisitsre la tive stre ng th inscie nce -b a se d e d uca tion(pp.207-11).She m ig htha ve

a lsonote d the a d d itiona le ffe ctofthe e ve ntsof1789-1815inb oth the N e the rla nd sa nd

Fra nce ,which cle a rlyd ive rte d re source sa nd ing e nuityfrom prod uctive toothe re nd s.

ButFre nch pre cocityinthissphe re sug g e ststha tscie nce wa snotthe ke y,

b e c a use Fra nce ha d b e e ng e ne ra ting scie nce -b a se d knowle d g e inspa d e slong b e fore

the Ind ustria lRe volution.Itwa sstilla he a d ofBrita inina pplie d scie nce c.1800,a nd

the Fre nch Re volutiona rg ua b lya c c e ntua te d itsle a d fora tim e (Ca rd we ll1972:22,26-

27;M a thia s1972;H ob sb a wm 1962:29-30).14 N orwe re Eng lish scie ntistsa nd

m a the m a ticia nstha ta d e pta tspre a d ing the irg ospe l:Ca rd we lld e scrib e sEng lish

m a the m a ticste xtb ooksofthe e a rlyInd ustria lRe volutione ra a s'b e long ing toa n

e a rlie rce ntury'a nd ‘fa rre m ove d from pra ctice ’;m ore ove rthe ywe re incom pre he nsib le

tom e cha nicsa nd e xpe nsive a swe ll(Ca rd we ll1972:124;Cookson1994:146).

W ha tFra nce la c ke d wa snota ne nlig hte ne d e lite ,b utthe m e cha nicsa nd

a rtisa n-e ntre pre ne urssople ntifulinBrita in.O nthe e ve ofthe Ind ustria lRe volution

British worke rswe re ta lle r,he a lthie r,sa vvie r,a nd m ore prod uctive tha nthe irFre nch

counte rpa rts.W a g e sinBrita inwe re hig he rtha ne lse whe re notb e c a use la b orwa s

costlie r,b utb e c a use British worke rswe re m ore prod uctive (Ke llye ta l.2014).Fre nch

re ta rd a tiond e pe nd e d le ssonwha tJa cob c a llsthe ‘e xpa nsionofhum a nknowle d g e ’(p.

15) tha nonthe re la tive lypoorqua lityofitsla b orforce .

14 Did e rota nd d ’Ale m b e rt’sEnc yc lopéd ie (1751-72),which hig hlig hte d such knowle d g e ,ha d

sold 25,000 copie sb y1789,ha lfofthe m inFra nce (Da rnton1979:37).And whe re a sN e wton

wrote the Princ ipia inLa tin,Volta ire a nd Em ilie d uCha te le tpopula rize d itsfind ing sthroug h

the irElém entsd e la philosophie d e N ewtonin1738 a nd Cha te le t’sfullFre nch tra nsla tionofthe

Princ ipia followe d in1756.
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6.Tim ing

N ob od yd oub tsthe c e ntra lityofte chnolog ic a lcha ng e tothe Ind ustria l

Re volution,b utthe tim ing ofitsim pa ctisstilld e b a te d .M a croe conom ic d a ta im ply

tha tra pid ,se lf-susta ining e conom ic prog re ssd id notb e g ininthe 1760s(p.1);

m ore ove r,e conom ic g rowth d uring the following c e nturywa sve ryslow b yla te r

sta nd a rd s,ce rta inlynom ore tha n1.5pe rce ntpe ra nnum .M ore inte re sting ly,the

la te sta tte m ptsa te stim a ting British outputa nd prod uctivityinthe m ore d ista ntpa st

re ve a la nupwa rd tre nd inGDP tha tb e g a nlong b e fore the a g e sofcottona nd ste a m

a nd ,ind e e d ,b e fore the Enlig hte nm e ntcould ha ve ha d a nyim pa ct(Broa d b e rrye ta l.

2014;N uvola ria nd Ric c i2013).

Fig ure 1d e scrib e sthe m ove m e ntsinGDP a nd GDP pe rhe a d (b oth m e a sure d in

log s) in20-ye a rb locksb e twe e n1390-1409 a nd 1850-69 im plie d b yBroa d b e rrye ta l.15

O ve rthispe riod ,GDP g re w a b outte ntim e sa sfa sta sGDP pe rhe a d .N ote tha tfrom

the e a rlyse ve nte e nth c e nturyon,GDP pe rhe a d wa shig he rine a ch pe riod tha ninthe

pre viouspe riod :g rowth ha d som e how b e com e b uilt-in.N ote toothe ra the rintrig uing

im plic a tiontha tthe g rowth ra te ofGDP pe rhe a d fe lld uring the e ig hte e nth ce ntury

b e fore a c c e le ra ting a g a ine a rlyinthe nine te e nth.

15 The se num b e rsa re the b e sta va ila b le b utnotd e finitive :se e Ke llya nd Ó Grád a 2013.
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Fig ure 1.Econom ic Growth Be fore a nd During the Ind ustria lRe volution

O the rind ic a torspointtoprog re ssinthispre -Ind ustria lRe volutione ra .O ne is

the re m a rka b le inc re a se inlite ra cy;b e twe e n1600 a nd 1750 Eng la nd m ove d from b e ing

e sse ntia llya pre -lite ra te socie tytoone whe re m ore tha nha lfofa lla d ultscould sig na

m a rria g e re g iste r.And a lthoug h lite ra cy(thusd e fine d ) d id notincre a se m uch for

som e d e c a d e sthe re a fte r,the num b e rofb ookspub lishe d a nd the circula tionof

ne wspa pe rsd id .O the rind ic a torsa re the inc re a sing urb a niza tiona nd ope nne ssofthe

e conom y,a nd the inte g ra tionofitsre g iona lm a rke ts.W ith incre a sing

com m e rcia liza tionca m e incre a se sinthe va rie tyofg ood sconsum e d ,a nd those

incre a se swe re notconfine d tothe rich.Ad ultlife e xpe cta ncyb e g a ntorise too,tha tof

the e lite d uring the se ve nte e nth ce ntury,tha tofthe popula tiona tla rg e d uring the

e ig hte e nth (Ed wa rd s2008;Joha nsson2010;Ra zze ll2014).Insum ,the slow ta ke -offof

the British e conom ya nte d a te d the Enlig hte nm e nta nd the ste a m e ng ine b ya c e ntury

orm ore .

N one ofthisrule souta ‘firstknowle d g e e conom y’.Butifone istofe a ture in

the m a croe conom ic la nd sca pe d e scrib e d inFig ure 1,itsb irth m ustha ve b e e na
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g ra d ua l,long d ra wnoutproce ss.Thisisprob le m a tic forinte rpre ta tionstha t

e m pha size the re volutiona ryrole ofa fe w inve ntionssuch a sW a tt’sa nd Arkwrig ht’s,

b utm ore cong e nia ltoa slow-b urning b ute ve ntua llya ll-e m b ra cing d iffusionofid e a s

a nd te chnolog ie stha tisa ctua llym ore inline with the old e ra rg um e ntsforthe

im porta nce ofscie nce -b a se d cha ng e .A proce sswith rootsinthe pre -ind ustria le ra in

se ctorsothe rtha ncottona nd coa la nd inform sofknowle d g e d istinctfrom ‘a pplie d

scie nce ’se e m sm ostlike ly.

Inhe rcla im sforthe c e ntra lityofscie nce a nd knowle d g e ,forthe im porta nce of

m e cha nics’institute s,a nd forthe pivota lrole ofcoa la nd ste e l,Ja cob ’schronolog yof

tim ing ofe conom ic cha ng e inBrita inle tshe rd own.H e rcla im sforscie nce a nd ste a m

a re pe rfe ctlypla usib le forthe so-ca lle d Se cond Ind ustria lRe volutionofthe la te r

nine te e nth ce ntury,b utthe yca rryfa rle ssc onvictionforthe pe riod b e fore 1830 or

1840.

7.Stretching the Evid ence

FKE’sca se fora pplie d scie nce iswe a ke ne d b ya prope nsitytospre a d e vid e nc e

toothinore lse ,occ a siona lly,tom isre a d it.Thusitm a ke sm uch ofe pisod e sinvolving

m e m b e rsofthe H ouse ofLord sinte rrog a ting c a na lb uild e rsine ng ine e ring la ng ua g e

in1769.The se e pisod e s,which Ja cob ha sa lre a d yd iscusse d re pe a te d lye lse whe re

(1987:240-2;1997:203-5),a re re cycle d se ve ntim e she re (pp.8,13,23,56,133,222,224).

N oristhe e vid e nc e a sc le a r-cuta sc la im e d .W hile som e nob le swith a fina ncia l

inte re stinthe propose d c a na lsa ske d ve ryte c hnica lque stions— onwhich pre sum a b ly

the ywe re close lyb rie fe d — m ostfound itha rd toconce ntra te a nd we re re lucta ntto
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a tte nd the he a ring s(Sc hofie ld 1982:270-71).M ore te lling isthe low qua lityofsom e of

the e xpe rtwitne sse sb roug htintoc riticize a c a na lproje ctd e sig ne d b yEng la nd ’s

fore m oste ng ine e r,a nd the e a syrid e g ive nto‘e ng ine e rsg e ne ra lly’b yla wye rsfor

whom e ng ine e ring m e c ha nicswa sa fore ig nla ng ua g e (Schofie ld 1982:265,268).

Anothe re xa m ple isJa c ob ’suse ofa le tte rfrom one ‘M r.Cla rk’,uncove re d ina

Be lg ia na rchive .Thisa g a inisinvoke d re pe a te d lyinFKE(a tle a stnine m e ntions) to

und e rpinb roa d e rpointsa b outsc ie nce ’srole inind ustry.Cla rk’sle tte rfrom hisb a se

inM ons,d a te d 6M e ssid orYe a rXII(25June 1804,not1812a scla im e d ),d e scrib e sa n

a tte m pta tra ising c a pita ltoprod uce a nim prove d m ule spind le und e rthe tra d e na m e

of‘Cla rk’sM a the m a tica lSpind le s,form uslin& c.’Attha tpointCla rk wa s

m a nufa cturing spind le sa nd c a rd ing c ylind e rs;hisloca lpa rtne rsha d inve ste d a

m od e stse ve ntyg uine a sin‘ste e l,g rind ing stone s,b e llows,a nd othe rtools’.

N othing furthe risre ve a le d inFKEa b outCla rk b e yond wha tisinthe le tte r—

note ve nhisg ive nna m e .Buta little sle uthing re ve a lstha the wa sfa rfrom b e ing the

‘lone ’m e cha nic (p.133) tha tJa cob im a g ine shim tob e .Ind e e d Da vid Cla rk’sca re e r

spa nne d Eng la nd (whe re he ha d g one b a nkrupttwice ),Ire la nd (whe re he m a na g e d a

ne w spinning m illinM a la hid e outsid e Dub lininthe e a rly1780s)16,Pa ris(c.1800-4),

a nd Be lg ium (whe re in1804 he b e g a nthe b usine ssm e ntione d a b ove inH yon,ne xtto

the citywa llsofM ons,a nd whe re he d isa ppe a rsfrom vie w inthe la te 1810s).Cla rk,a

se ria le ntre pre ne ur,wa sinvolve d inva riouspa rtne rshipsinthe M onsa re a a nd wa sin

16 M inutesofthe evid enc e ta kenb efore a c om m ittee ofthe H ouse ofCom m ons,… towhom the

b illforrepea ling the d utiesontob a c c oa nd snuff… ;wa sc om m itted .Lond on,1789,pp.208-10;

Aspin2010.
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close conta ctwith othe re xpa tria te Eng lishm e nonthe m a ke .17 Give nhislong

e xpe rie nce ,he m ustha ve b e e na com pe te ntm e cha nic b utthe re a re nog round s

wha te ve rforinfe rring from his‘m a the m a tica lspind le s’tha the wa sfa m ilia rwith

‘m a the m a tics… a nd the a pplie d scie nce ofm e c ha nics’(p.16).

Se ve ra lothe rre a d ing softhe lite ra ture a re que stiona b le .Ja cob re fe rsto

Lond onporte rswhowe re proficie ntina lg e b ra (p.154),a nd toclockm a ke rsb e ing ke y

pla ye rsinm a chine m a king (pp.15,90).ButGillia nCookson,whose a uthorita tive

re se a rch onthe W e stRid ing m a chine -m a king ind ustryJa cob m e ntionsb utothe rwise

ig nore s,isa tpa instod e -e m pha size the role ofclockm a ke rs(1994:51ff),a nd Cookson’s

ove ra lla sse ssm e nt,tha t‘most significant technological progress was achieved in a

workshop rather than in a laboratory, by machine-makers who apparently had little or

noe xposure tosc ie ntific b ooksora nye d uca tioninscie nce ’flie sd ire ctlyinthe fa c e of

FKE.Fina lly,fe w e conom ic historia nswillta ke se riouslyJa cob ’sa sse rtiontha t‘b y

17The ‘Ke nnion’m e ntione d inthe le tte rpre sum a b lyre fe rstoW illia m Ke nyona nd Sons,

proprie torsofa c a b le -m a nufa cturing pla ntinArm e ntière s,northe rnFra nce ).Fa rra ra nd

M a the r(a ppa re ntlyCla rk’sb rothe r-in-la w),a lsom e ntione d ,a re liste d inCha ssa g ne (1991).

Ja cob ’sprone ne sstostre tch he re vid e nce toofa rprod uce sa ‘howle r’:she m isre a d sCla rk’s

proposa ltoe m ployprisonla b ora sa source ofe ne rg yforhisd e te rm ina tiontopa yworke rs

(‘offe nd e rs’) a slittle a spossib le (p.16):

Id onotwe llund e rsta nd the word ofM a isond e force (i.e.prison:CÓ G) b utifit

im ploys(=im plies) this— tom a ke the iroffe nd e rstowork,a nd tha tthe re willb e

ve rylittle topa yin[?],Ithe ncould m a ke a sim ple m a chine ,sotha t12or18m e n

m a yg oslowlyround ,a nd the yb e ing re lie ve d e a ch hour,sob ythism e a nsthe

stone swillb e turne d — b utthe irprice ofwa g e sm ustd e te rm ine tha t,a ssoona s

Iknow it.

Tha tisa fa rcryfrom ‘m a the m a tica lspind le s’.
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Europe a nsta nd a rd sm ostEng lish ha nd worke rsa nd the irfa m ilie slive d a tb e sta ta

sub siste nc e le ve lpre cise lyinthe pe riod whe nind ustria liza tionb e g a nine a rne st’(p.65,

e m pha sisa d d e d ).O nthe contra ry,m ostwillb e convince d b yAlle n’sd e m onstra tion

tha tonthe e ve ofthe Ind ustria lRe volutionunskille d m a le worke rsinBrita ine a rne d

thre e tofourtim e sa ‘b a re b one ssub siste nce ’wa g e .18

8.Conclusion:

H um a nca pita lind e e d m a tte re d ,a sM a rg a re tJa cob cla im s.The b ig incre a se in

the qua lityofEng lish lite ra cya nd num e ra cyd uring the c e nturyorsole a d ing uptothe

Ind ustria lRe volution— re fle cte d notjustinb ook pub lishing a nd ne wspa pe r

circula tion,b utinincre a se d fa m ilia ritywith ‘counting ,cla ssifying ,c a ta log uing ’

(M okyr2009:43)— wa sa nim porta nting re d ie ntofthe Ba conia nprog ra m tha tshe

cha m pions.Butb e twe e nthe 1760sa nd the 1830s— the pe riod ofthe Ind ustria l

Re volution— tha thum a nca pita lre sid e d m a inlyinthe skills,d e xte rity,a nd occ a siona l

g e niusofBrita in’scra ftsm e na nd a rtisa ns-m a d e -g ood ,notinsophistic a te d ‘m e cha nics

inthe N e wtonia ntra d ition’(pp.221,222).19 Ita c counte d forthe re la tive lyhig h wa g e s

ofsuch worke rs,a nd itre ste d m a inlyonthe irm e cha nic a ling e nuitya nd onwha tthe y

le a rne d b yd oing .Inthe m e a ntim e ,Eng la nd ’se nd owm e ntofscie nce -b a se d

knowle d g e wa sg rowing ,b utonlyd uring the so-ca lle d ‘se cond ’Ind ustria lRe volution,

whe nste a m a nd coa loccupie d c e nte r-sta g e ,would the sortofhum a nca pita l

18 Alle n2001,2009:33-42.And Ke llya nd Ó Grád a (2013) ha ve a rg ue d tha tthe nutritiona l

va lue ofthe ird ie twa scom m e nsura te .

19 M cCloske y(2010:355-65;2014:439) ha sre pe a te d lya rticula te d thispoint.
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cha m pione d b yJa cob com e intoitsown.The ‘supre m e se lf-confid e nc e ’(p.106) tha t

Ja cob a ttrib ute stoM a nche ste rm a nufa cture rsre fe rstothe 1850s,notthe 1780s.

A ke yfe a ture ofthe Enlig hte nm e ntwa sitsfa ith inprog re ss.Ironica lly,its

optim ism wa snotsha re d b ya m a jorityofe conom istsd uring the Ind ustria l

Re volution.The d ism a lscie ntistse m pha size d inste a d the lim ite d prospe ctsfor

te chnolog ic a lcha ng e ,pa rticula rlyina g riculture ,a nd the powe rofthe ‘principle of

popula tion’toke e pd ownwa g e s.The utopia noptim ism ofW illia m God wina nd the

M a rquisd e Cond orce tfa m ouslyfue lle d M a lthus’sEssa yonPopula tion.And ,ind e e d ,

a snote d e a rlie r,g rowth ra te sd uring the Ind ustria lRe volutionwe re m od e st.

Ye tM okyrha spe rsua sive lye m pha size d a nothe rim porta nta spe ctofthe

Enlig hte nm e nttha tcla ssica le conom ic se m b ra c e d ,b utonwhich Ja cob sa yslittle :its

role a sa force a g a instre ntse e king a nd m onopoly.W he nM okyr(2010) cla im stha t

‘e nlig hte nm e ntid e a s… cre a te d the prospe ritytha twe e njoytod a y’he isre fe rring not

justtothe spre a d of‘use fulknowle d g e ’,b uta lsotoa politica lphilosophytha tstood

forfre e d om ofe xpre ssiona nd a ne nd tom e rc a ntilistre strictionsontra d e .Butwhile

the like sofAd a m Sm ith a nd Da vid H um e fa vore d com pe titiona nd fre e tra d e ,

M a tthe w Boultonlob b ie d a g a instthe fre e e xportofb uckle -cha pe sa nd b ra ssinthe

1760sa nd the e m ig ra tionofskille d workm e ninthe 1780s.And while in1786Josia h

W e d g e wood wa sa vocife rousoppone ntofPitt’s‘Com m e rcia lPropositions’,which

would ha ve g a ine d Irish m a nufa cture rsfre e ra c c e sstothe British m a rke t(U g low 2002:

62,391-2),whe nitca m e totra d e with Fra nce ,Ja cob ’she roBoultonwa sa llinfa vorof

b a rte ring ‘ourb uttons… forpipe sofcha m pa g ne ’(Roll1930:139).Boulton’sa nd

W e d g e wood ’scom m e rcia linte re stsa lwa ystrum pe d b roa d e rEnlig hte nm e nt

principle s.
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