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ABSTRACT

This article is about‘making’ in education. O&n associted with
sdtware prgramming (asin ‘digital making’), making canalso inwlve
creating or modifying physical technologicahrtefads. In this papey
making is examinedasaphenomenothat occurs at the tersetion
of culture the econamy, technologyand educationThefocusis not
on theeffects on cognitive gains or motivations but on locaing
making in a social, historical and economicocitext. Making is also
describedasa formof‘material connotdion, whereconnotitionrefers
to the procesghrough which the technical struce of artefad¢s is
altered by culture andsociey. In the second partof the paperthe
theoretical discussion momplemergd by a case studyn which
making is describedasaneworked phenomenowheretechnology
companiesconsultantsvolunteers schoolsand studentswere all
implicated in turning a nebulous setf pradices and discourses ia
aneducationateality
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1. Introduction: making as a cultural and educational
phenomenon

Activities that involve making and tinkering with teatology have adng history,but they
undoubedy receivedasignificantboostin recent yeass, thanks to the increased availability
of affordable,child-focused computers such as tlmgydar Raspberry Pi, anhbrication
tods such as3D printers, laser scanner computer-controlledseving machines, andos
forth (ses Vossoudpi & Bevan,2014for areview). This wasacampaniedy theexponentid
growth of freely avalable techncd expertise,n the form of networked communities o
enthusadgs and hobbigts, who create anshare development toglstandards antlitori-
als. Making is now being vigorously framed as an educationaégiice (Blikstein,2013,
underpnned by the sort of studeoéntred pedagogieshat trace their origins to the vkor
of seminalprogressive educators and thinkers (Dew892 Freire, 1974 Montessori,
1969, as well as reearch ontechndogy-basel constretivism sincethe 1980s(Papet, 1980
diSess,2000. Thesedeas hae had aninfluenceon the nore progressre sections oformd
education especiallyin the USand the UK, but only now are beginning to come to wider
fruition thanks to what has &ecalledthe ‘demaratisation of invertior afforded byfabri-
cationtoolsandaccessille design knowledge (Bldtein, 2013 Halverson &Sheridan, 2014).

Beyond education, are expressly‘political’ readings of naking ae alsoavalale (e.qg.
Ratto& Boler, 2014. The focushere is on soalledDIY citizership and thewaysin which
creative and @rssrods engagement with techlogy may open up newopportunities for
politicd partcipation anddemocracy. Acording to Ratto and Boler (ibid.), the rtsaof
this view can be traced back to tenerican countewulture of the lated960s,which was
in turn informed by the individugdt and anti-estaidhment values thashapedcertain
ageds of the Americanpsyche. Theaerm ‘DIY citizenship wasintroducedby John Hartlg
(1999 to extend the traditional forms of citizenshipst theorised by Thmas Marsiall
(Marstell & Bottomore,1950. Famaidy, Marshall described thregypesof citizenshipthat
developedn different histortd momeris but convegedin modern timescivil, which is
about righs andfreedons; politicd, which is about denwatic representation; andccial,
which is aboutvelfare.To these types, Hartleadded a'Do-It-Yourself ’ citizenship, vhich
waslater reframedasa manifestatiorf identity politics (Jacka2003: a formof individual-
ised engagement with the ditating affordarcesof tecmology and median order to build
a dstinctive identity. OY citizenship is thus based ¢he practice of putting togetér an
identity from the avalalle choices,patterns an@pportunities orofferin thesemiogphere
and themediasphere (Jacka 2003 p. 185).

The framing of the naking movement as polid and progressiist — a techntogically
mediatedprocessthrough which individualscanfreely anddemocratically definetheir place
in scciety — is alsoshaped by the notion of pasipatory tecimologicd design at theneart
of the oensource movemet itsdf aproduct ofAmerican counteulture. Open-saource
mears thd software isshared with is souce code for no rare than theaostof distribution,
open to eveyone to modify and rastribute withoutroyalties or licesing fees.Sincethe
first pioneeringinitiativesin theealy 1980ssuch as Rihard Stallman's GNU project ard
the esaldlishmentof the Free Softwar€oundatior?, the ognsouce movemenprogresed
during the1990sand2000swith communitiesof programmers anbackersformingaround
abroad range of cdlaborativeprojects.
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Thereading of making and ognsource practices as forms decmaogically mediated
citizenship is importantrém an educational pgpecive, because ithdps usunderstand
thebroadersociocultural conextin whichthey are situated. Iredd, theseracticesshould
always be interrogated as histod and politcd phenomeas, to avad reducing temto a
collecton of discreteéeducational opportunities that presentthemelves fully formedand
ready to be apied by ken teahers and entggerewial young people. Therefe, it is
important to be aware that two formsaddogiestend toconvege (oftenbecaming con-
fused) in thediscourse ohacking and raking (Blik stein & Worsley, 2014 Selwyn,2013. A
distinctly progressivst narratve emgphasisesdemaratisation anequity. At the sametime, a
neo-literal reading is alsopresei, one thaemphasisesdutilitarian notionsof job-readiness,
entrgorereurship and economiberefits. The politcd natureof making and hackings not
onlyreflededin broadidedogies,but alsoin the poverimbalarcesin the actuaparticipa-
tory developmenprocesses. Farrdbm being flat’ or dstributed, communities of makers,
hackers and gssrods designers are organised arouridid hierarchies oprivilegedand
authorised elésof charismaic leades and core users wlwerseeand moderate the esr
ativeprocess (Selwyn, 2013 p. 77). The impcations of such imbalaesin educationare
significart; wecannot igiore that ogn,unstructured makingrocesssrequire considetde
levels of skill, profesional confideseand motivation, and that the masthnicaly gifted
individuals are bedtr positioned to engagdie meaningful paitipation. Similarly, Blikstein
and Wasley (2014 highlight thepitfalls of a hacler culture ofauto- didacticismand dsink
or swim’ approach to techdogicd design, which, whn apgied to educational contexts
without an gpreciation forinclusve pedagogy, alienasmoststuderis exceptasmall elite of
high-end performe. In aneffort to addess thesproblems, Blikstein and Wasley (ibid.)
make a convicing call for a nore research-based@pach,under- pinned by an etlod
drive to increase thendusivenessand accessibility of making beyond the traditiorlly
privileged contexts wheliemostly occus.In addtion, somevalualde work has beendone on
the genered nature of mking, often ascciated with amale-dominated culture of
electonics, gadgetry and gardeshed tinkering, with some authodsighlight- ing the
indusive opportunitiesofferedby alternative traditions of gesrods tecmalogicd design,
such as eextiles (Buclinaz, Shively, Pepper, & Wohlwend, 2014 Pepper, 2015.

Thepresent artile seeks to cdnibute to this mre informed, emerging discourse by
expanding the thareticd scope ofmaking reserch beyond learning, that is, beyoral
narow corcern for impads on knowledgeor skills. We therebre invite reseahers to ale
consider thecultural, historcd and scciologicd dimersions, which cannot beégnored
if we are to develop a camehensive, crittd undestanding of these factices (see ats
Nemoin & Selwyn, 2016 Potter & McDougall, 2017). In thefirst part of the papemaking
is considered asla&oad cultural trend that can be analyssadiologically, historicallyand
semiottaly. Making, viewed agn educational, cli-oriented phenomenoris consideed
as‘underdeemined (i.e. not deteminedby asingle force overthe othes) by the plurality of
economiccultural andtechndogical changstha, togetheralteredthewaysin which child-
hood isviewedin industrial and post-indtrial sccieties.In addtion, making is described
as a form ofmaterial connotation, where connotation refers to thecess through whic
the techrid structure of artefasis altered bygulture andscciety. Drawing on thenotion
of semiotic connotation(Barthes,1967), where &rguagemutaesthrough the post hoattri-
bution of meanings, material connotatiordéscribed as arocessin which tecimologica
designandculturally mediated modification aiiadistinguishalde. In the second paof the
paper, the thareticad discusion is compemented by an empaé section whichrepats
findings fom a study tha&nalysednaking in aspecificcontext: darge cityin the North &
England. In this seconesion, ‘making’ is described as a networkpbenomenon wher
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tecology companies, consultants, volunggschools and studets wereall impli catedin
turning a nebulousetof practices and discouesinto an educationakdlity.

1.1. Changing notions of childhood, labour and technology

An importart, pivotal debate egarding the nature and gaose of childleod tookplacein
nineteentheentury England, during the indigrial revolution (Feenbeg, 2010. During this
period, influetial and vocd secions of the Victoian estabithmen brandishedeconomic
andtechndogical imperativesto judify the continued employmeat children(and women)
to operate industrial machines. A commeamgument was that the very nature tbbse
machireswassuch that manyatks were betr accomplished by workers withort limbs
and snall hands. Any interfererce with this ‘ojedive state ¢ affairs was bound to hav
dire economiconsegences, suchasprodictivity slumps, bankruptcy, unemploymesrid
ensuingsccial tragediesCriticaly examining these claisjthe phiosopter of tectnology
Andrew Feenberg (ibid.) nes that there wsnothing inevitake about therelationship
betweenVictorian indugrial machinery and cld labour.Ratherthose machieshad often
been designediom the ground up to be emted by srall people;in other words, the
nature of industrial machinery did not detéme the condition of ckd labour, which wa
instead sustained by aultural and economic discourse thatdseveral targible techno-
logicd manifedations.

The trajectory of chd labour, with is related techologicd infragructure, illustrates
the limits of the determiistic agumentin techndogicd debates, that is, thielea that
techndogiesarealways the resulbf rationaldesignandunavadale imperatives.Although
tecmologies are without doubt rational, i.e. they eeflan attempt to make sensetlod
world using laws, principles, mehanisns, algorithms and so forth, tesblogicd progres
is newer a straightforward matt of finding the most rational kdion to aproblem. Rather
it is based orfinding or designing what seems to fit best with\thlees,expeciationsand
assumptions which are ahinant in a partcular field at a particular momerin history.
Techndogiesare theredre ‘underdetemined. The tregs of ‘underdetemination (Feenberg,
1991 holds that theres newerasingle rational sdution to technicaproblems, thus genirg
the technid sphere to variousacio-cultural influences Child labourwas eventuallyabad-
ishedin most wetern economies as new maasemeged that did not @ed chidrento
be operated, and accial andidedogicd consesus codescedaround notion®f childhood
as a period oihnocence,leisure and uproductive learning that requess a mix ofmoral
safeguarding and compulsory instriion — a @nsersus whichhas endured for the laeg
partof acentury and habecome interwosn with economicandeducationalconsideratioa
(see also Buckinglma, 2013. Acoording to Feenberg:

A vad historical process uriolded, patly stimulatecby theidedogical debate osr how children

should be rased and partlyeconomiclt led eventally to the current situatioim which nobody

dreansof retuming tocheap labarin order to cutosts,atleas notin thedevelged caurtries

... todaywe seechildren as onsumes, not agproduces. Their furction is to lean, insofar &

they have any fuction atall, and not earn Eving. This changein the definition otthildhood

istheessetial advartebrought abut by the iegulationof labour.(Feenberg201Q pp.13-39)
Notions of childlmod in modernity havealways been contested andshaped bydedogicd,
economic anccultural factors, and the relationship bewvechildren and the wdd of
productive work has evolved histaaly. The contemporary emphasis orakimg asan
educationabctivity can beexamined, to arextert, asthe latest manifestatioof this histor-
icd process. For instancepreaursors of naking, as it is undestood novadays, can alsoey
observedn the cross-age trajectory of holighyculturesin industrial andpog-industrial
economies andnp particular, in the interface betvemleisuretime and work/study tne. In
his study of hobbiem Americancuture from the mid-nineteentltentury, Gelber (2013
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notes that theboom in leisure ativities went handn hand with the diffsion acossall
swathesof scciety of a citalist, sdf-drivenwork ethic:
For aleisure ativity to be a hobbytimug, aboveall, be productive. Like work itself, hobbies
gererate aproduct and therefore hobisjshave sométing to show for their time, it has not
beenwasted. Egnif they neer eventhink of seling theproduds of their leisure, hobbists

know they have economic value, and that knowledgeties free time to thédeds of the
market economy. (@lber,2013 p. 295)

Theexparsion of cgitaismand ts various crigsafterthe Second Wadt War orce more

called into question thalea of childlwod as an itk period of learning: proteded (and

protracted) state gfmoratorium (Erikson,1956 during which cHdren andyoung people
coud learn without leing productive, while exploring different identities befe choosing
a suitalke path.On the one hand, this was accompanied bsoavigg dssatsfaction with

traditional educational institutions and thefnility to provide chdrenwith econanically

viable skills; on the other, it was undenmed by the'economisation’ of leisure time for

aduts and chidren alike,and by the rise of a hobisyculture idedogically and materiail

tied to theworld of teclnologicd innovation and entmereuship. Gradually,childhood

became a condition engly contained within an economiwrldview: the anteharrber to

work andproductivity and asite ofmaterial andtultural consumptionTodays notion of the

child asproductive, sdf-motivateddigitally literate‘maker is not compardbe with that d

the uneducated, impoverished ahdreated Victeian chid labourer, but theelationship

betwesnculture, economics and aking canstill beexplainedin termsof underdetermina-

tion. Not onlyis making the result of economic armditural trends thathalenged notions

of childhood, education angroductivity, but the very techoogies that endb making

amongyoung peojfe can beexamined along thesknes: as the result of desigmuages
corceived from the ground up to behild friendly’, and as artefasthat can be merated,

hacked into and moddexffecively by inexpeliencedyoung uses. Examplesinclude sim

plified andvisud programminglanguages like Scratch® and credit-cardized,single-board

computers like the &pberry Pt and theCodeBug®, which was useth this study.

1.2. Making as material connotation

In his reflections on thaystem of oljeds, Jean Badrillard (1996 talks about two planes
of techndogicd artefats whichmirror theclassic semiotc distinction betwesndenotation
and connotation, thas,betwesnthe literal meaning of objesand thesccially mediated
alterationsof tha meaning.This logic works well when applied toartefactsthereexists, for
Baudrillard, a structural plane which the materigbroperties of an artefact atkenoted.
Baudrillardargues that this plane isa but, in acudity, it can only be studieth abgract,
becausethe ‘integrity’ of objeds materialty is continuously ésturbed andindeed, modified
by the scciologicd andpsychologicd redities — the died expetiences ofmeaning-making,
which he equaswith thelingustic process of connotation. Connotation is theaning
that is developed and gaiated as accial and cultural process. Talking about technolog-
icd artefacts, Baudrillarduggests that they aren a ‘perpetua flight from their technical
structure (denotation) towards their secogdaeanings, fom the technlogicd system
towards aultural system(connotatim)’ (Baudrillard,1996 p. 6).

Ther is, however,a key differerce between denotationvs. connotationin linguistics and
denotation vs. connotatiom tecnology studies. Lingistic connotation nesr actualy
alters the literal meaning of a wrd, so for instace the expression ‘red rosg may be used
in a sentece to symbolise pssionate love, but the étal, denoted meaning 6bse asa
flower remains uncanged. Convergly, material connotation has a fwand effed on the
undelying structuralproperties of a techmagicd artefad. This happens bausdedno-
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logicd artefads convey meaning through their fttional operations as mehanisns, as
well as throughculturally mediatedusagein the conext of human interetions. Ideally, the
cultural connotatiorof techndogies will leadto somesortof equilibriumwith thestructural,
denotedproperties, but this is natways the casein redity, where connotation afhleads
to theproliferation of semioic featuresat theexpense otheir denotecgpeds. Thecar,for
example,has a numér of structural properties andvery ecific use valie (trarsport). This
iswhat Baudrillarctallsitsdenotation. Wienthe car bcame erdrgled with the'system of
signs of modern cgitalist scciety, it turned into a symbol atyle, prestige, luxury, power
and so on. Acording toBaudrillard, these connotate featueskept pling up, encraching
on the structural properti@gich gadually become iraccesside andinvisible, buriedunder
layerupon lagrof cultural meaningsEventually, eressively connotated objésundergo
a process of functiona aberration' (p. 121), in which the structurgiroperties becom
irrelevant, and objects become degradedsimrs of themslves: dsposalte gadgetsand
gizmos whose only value is agns.

This form of‘aberrant connotation’ is, possibly,the man hurde to making as amean-
ingful sacio-material pactice— something thawvas alreadypresent at theery dawn ofthe
movement. For instancaimlessconnotationwas, for Baudrillard, a étinctive trait ofthe
eager inventors and tinkerers who came togetht the turn of the tweieth century, in
thewake ofthe indidrial revolution — the brerunnersof modern makes,hackspces aad
moorlighting programmes. Theselike-minded scieceand technlmgy enthusags, with
their own gatherings andliaely subculture were, acording to Baudrillard, conit in
encouraging the fugtional aberration of objects, obse® ower secondary fuctions and
celebrating teamlogicd ornamentation and automation for their ogdie, by ceating
artefad¢sthat did notaccomplish anything and gt‘worked. TheFrench Concours Lepe,
one of the lagest running competitions of siirtime inventos, hdd annuallysince1901,
is describedhus:

Thetinkering tradition of the Concoutsepine where no tueinnovation can be sedot by

juggdlingstereotyped tduniques objets are created thatre orce incrediblyspecificin their

function andabsdutely uséess.... The objectarswersno reed other than the ee to furction.
(Baudrillard, 1996 p. 122).

Although Baudrillard's name is nesr mentionedin currentacourts of fabrication asn
educational mctice, ehoesof hisideas can be heardstinctly. For example, Blilstein
(2013 amgues the tolsof digital fabrication careasilyleadto a situation where the fabrica-
tion process is no lager valued amongst studisras meaningful techiagicd designput
as ashallow exerciseappedi ngbecausenanufacturedbjedsand digtal outputs look like
‘the red thing’ with a‘near-professional finish. Blikstein callsthis the‘keychain syndrome,
a enaiio in which young makers focus on the diionless creation osimple artefacts
(e.g. keghains), by iterating basi@esthetc featuesand not muctelse. As Bliksteinputs
it, this is the resultfo

... two of the cudal elemerts of leaning envionmerts based onligital fakrication. First, the

equpmentis capake of easilygereratingaestheically attractive objedsand products. Sead,

thisgereratesan ircentivesysemin which therds a dsproportionatepayoff in stayinga“‘locd

minimumi where the projds are verysimple but at the same time very admired dgemal
observes.(Blikstein, 2013 p. 10)

The abovestatemenshowstha, while Baudrillard's critiquewasrootedin afairly traditional
view of capitalist production, itstill helps us makeense o§imil arproblemsin thecontem:
porary, post-indusial world of affordatde fabricationdevicesand amatursoftwarecoding.
The crugal point is that the notion of material connotation providespful framing to
examine making asascocio-cultural phenomen. For instance, the compt of connotation
canalsohelp us maksensef alternative forms of mking shapedoy competingesconomic
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interestslike thosechampionedby Apple andGoogdle (seeRatto& Boler, 2014). Famously,
Apple adopts a‘walled garden’ gpproachwhere devicegontent and users are bound to each
otherthrough a gringentframework ofnon-negotbe technical specificatics) Application
ProgrammingnterfacegAPIs) andlicence agreemets. This framework exists to ensurethat
every facet otheApple universe from the creationf newcontentoyindependent devep- ers
to the end-usr expelience, iscongstent with Apple’s brandingasa producerof exclusive
stylish andseantessly functional devices.Google's aproach, on the o#ir hand, appearsto
becomgetely at oddsn itschampioning of opmess- notbecauseof a genuine etlod starce
againstApple’s closed ecosytem, but lecause of a different lsines model whee profits
are geerated through a paltel ecosytem, heaily reliant on adversing anddata analytics
and fundamentallydevice-gnogtic. Thesetwo approachestrarslatein differert visions of
making. Apde seems rare indined to constia independentevelopes, while offeringin
exchange a strealimed enwionment and emphasing the curation of newly created content
to support qualitandinnovation.On the otler hand,Google advocates a form of gsrods
development that emphassthe indeteminacy and ‘moddability” of opensource
tecmdogies. As alreadynentioned, such a position ought not tarbistakenfor a principled
stance, as both epness andlosure aren fact contained within the samsccio-techncd
dynamic.Their opposition must istead beproblematisedasa surface-level connotation of
similar forms ofproduction: the rhetoricd claims may appear different, but there
assumptions renvashared and unconséed. This is also noted by Rattmd Boler 2014,
who rightly point out that mking in the global, networked ecasgms & Google and
Apple.
... will always incorporate not onlydo it yoursef’ but ‘do it for theni especiallyfor the \ag
majority of keentecmology enthusiags unwilli ng to explorenewopportunities presentithin
new media and new teablogiesfor novel and non-normativéorms of cdtural and politcd
engagemen(ibid., p. 256)
In this sense, the ore ‘corporate forms of naking, which tend to dminatein the blic
imaginary, can be camptualised as labour-intensive material connotaticaymbdi cally
and materially interwasn with the wold and Brguage of tecmology companiesand
subsumedn a narow and normative neo-léral rationaliy (Appleby, 2011, Fucts,2014).
Until now, the papr has agued that the study of theaking movementn education
demands an g@peciation for s historicd and cultural origins and imlpcatiors, and for its
nature as @rocess where semiosis and materiality bec@maeshed. The second parf o
the pagr willintroduce the third component of this anadgiframework: a descriptive,
empirically grounded focus on the networks talidw this colection of practices, values
and forns of techntcd knowledge to become an educatioredity.

2. Observing and describing making in schools as a networked
phenomenon

Likeothereducational technlmgytrends, suchas leaning analytic§Perotta & Willi anson,
2016, making can be described as anbughly networked andulturally mediatedphe-
nomenon. In this regat, some research has already been done on how actor reiations
the British education plocy spaceshaped a discourse that emphasihie importane of
coding and computingkills in formal education (\Wlianson,2016. Along similarlines,
but adopting a nore gramlar agroach, ascciologicaly oriented observer cdd look at
how <hools, individual teehers, consultants, commentasrtechnology providersand
volunteers arall implicatedin turning naking into an educationakdity. This happers
through a ange of ativities that include regionddrokerage, the sauring of sponstship
and donatios, and the fetering d marketlike relations betwen suppgiers, distributors



Author Accepted Manuscript
and purchasers (mainlgh®ools). Theseideas are indebted to Actor-Network Theany
related conepts, such as that @ntological politics (Law, 2007 Law & Singeton, 2005 —
a process through whiclsocio-tedhnical assembages are edised through teamologies,
negotiations andlliances.This approachfavoursdesciiptive acamurts of howeverts involv-
ing techndogies,people and institutiongake shape andlevelop- newerin a comgete way
but producing‘gaps, holes andears (Fenwick & Edward,201Q p. 4).

With this ecion the papr begins a tirsition from a thereticd discusion to amore
empiricd, descriptiveanalsis of making in situ. In the study, thiéeldwork data wereon-
sideredhdlistically alongside comxtual information about the mak scenein the city d
Ledls, in acordarce with the principles of the case-study method (‘2009. Thefield-
work took phcefrom Septembr2015to February2016in three data-collectiosites.The
first sitewasthe Leeads Hackspoe, a community-run setting where texkogy enthusiasts
share eqgipment andexpertiseto cdlaborate on hacking,aking and codingprojects. Tle
remaining twasitesweretwo secondargchoolsin Leals, both servingurbancommunities
and with a higlkr thanaverageproportion of studers from disadvantagetiackgrounds. In
eachschool weworked with anixed gender/mixedbility groupof 15studems aged12-13
(Year 8). Thegendersgit was60%pgirls, 40% bys. Thedata includeverbd interections and
supporting photographic material @led during‘making sesions with students. Eh
same template wasbptedin both €hools: studeits were encouraged faroduceideas
anddevelopthemthrough an érative desigrprocess, starting fom drawings and sketches
and progresing to actual physH or digital prototypes. Thedivities were developedro
the bass of the previousexpeiience of one of the members of the researchmteBhey
involved a combination gfrogramming 8ing CodeBugg§low-caost microcontrders), a
visual programming edito¢Blockly®) andweaite techndogies.We cariedout four design
sesionsin bothschools. Interviews wererearded wingvoicereorders. A total of 292min
of verbd interactionsweretrarscribed andnalysed for reaurring thenesusing a qualitaive
and intepretatve agproach (Denzir& Lincoln, 2011). The softwarefor quditative analyss
NVivo® (QSR International Pty, Dadury, UK) was used tassist with theinterpretation
of the da&. The study was caed outin acordarce with mandatory etleid guiddines
established by thauthor’s institution. Signed consent forms were obtained a@hdames
have benchanged to psudnyms.

2.1. Localitiesand tensions in the British maker networks

The materialdimersion of maing entailsacertain degree of complexy and admirstration,
as different typsof equpment— not only computers need to beprocured, varioutorms
of technicakexpertiseare required, donations a@licited,sponseships areactively sought,
and so forth. In the Bigh context, this has led to the engece of a ottage industry b
educational raking andhacking,with start-upsconsultancies, afterebool gatheringsand
camps, evesand actugbroduds that targ@tthe educational markedften,these Btworks
havearegionaldimersion, for instacegravitatingaround influential ‘nodes. One suclmode
is the Raspberry Foundation, i.e. the designersardlcers of the gpular micro-can-

puter RaspberryPi who built onexisting networks oexpertiseand the reputational paal

of Cambridge University,aswell as a vibrahregionalecosytem of HackspacesAccording
to a reent survey(Sleigh, Stewat, & Stokes, 2015, there are currently 97 Hackspaaes
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the UK, and they can eund in everyregion, although kegultural and economibiubs
tend to dminate the ladscapen terms of size, quality of eqament and ang of ativ-
ities allowed. Manchster and London, for instance, are the only cities win@ckspaces
are equipped wittbiolabs to experiment withmalecula biology and microbitogy. Men
tend to beprevdent by a large ramgin in these settings, with memiskip predominantly
made in 80%of the spaces.

The networked and mediated nature ofking can also be observéd other locd
contexts, althouglarguably at a sailer scde thanin the nore dfluent South of England
One of these contexts liedls, the case study considered hereals is a large, @wing
city in the North of England where tlservicesedor has almost comigtely repbhaedthe
traditional manufacturing cdivities that played aignificant partin the histored devel-
opment of the region, such as teatite indudries. Lealsis now one of the ma finangal
centresin England outside Londorkikein all major citiesin the UK and aroundthe
world, a hackspace @esentin Leeals. One of the most pminent sponsors of theekds
Hackspace is Farnell&nent14, a globalidtributor of tecmology produds and services,
whose hadquarters are also locatedlieals. Not only is Farnell a keyistributor ofthe
Raspberry Pi, skthg hdf of all devicesin theUK andworldwide, it alsosponsors Raspberr
Pi Janms, hackatons and sihar events, and etively involvedin supportingcommercial
initiativesaround aplped STEM educationin the North of England. For instanceedtab-
lished a formal partmship asexclusivedistributor with a srall start-up caled CodeBug,
which launched through succeshil Kickstarer campaighin 2015. CaleBug produces
a ‘microcontroller’ not too dssimilar to the Ripberry Pi. The company wésunded bya
team with stong links to the North of Englandaking scene,in particular the one gravi-
tating around Machester and, to alesserextert, Leeds.

By engaging with the éeds hackspce, the research team came into contact with
network of Iacd consultats andinnovative teachers wto positioned thenelvesas‘early
adopters of theCodeBug microcontroler, whicheventuallybecame thekey devicearound
which thefieldworkin schools revolved. In otbr words, the Leels hackspceprovided
us with an entry point into an emerging regional netwovkliring commera@l entities,
schools, consultats and aspecificdevice. Our observations and interwigin the Leeds
hackspace alsshedlighton the tesions within this Btwork. Thedatacollectiontook place
during an‘openevening, when the worlshop can be accessed by non-members avbo
free toask questions an@xperiment with the eqomen, under the supersion of more
expelienced makes. During the coursefdhe ewning, we focused our questions the
relationshipbetweenthe national and internationaétork of hackspaceandeducational
institutions (shools anduniversities)in the regionThe man two thenesto emegefrom
the intervievs were one ofdistinction' in relation to largr hackspaces and @hcom-
merdal redities, and one of incompatibility betwathe ‘trué malker movement andhe
world of formal education. The are senior members of the Hackspwere ineted keen
to emphasise theharitade and community-based natuséthe activities— somethingthat,
they claimed, stthem apart fom the nore recent developmets in the maler movement,
branded asommercial’ in nature. Here is apeesentativeextract:

Mark: Yeéh | think theworry is thatyou end up with sort of commeat maker spaces,

which doexist, and thereare sort of varyingevelsin betwesnaswell. Were about as

uncommeri@l asyou can @trealy. Occaionally memberswill take on projectsor
other peopleput that’s about as far astigoes.But you getsome phcesvherethey’re
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deliberately £t up as say ao-working spaceand they hapgn to have avorkshop
aswell, and you get others (vhich are) purely commercal. But, | don't know, theres
probebly roomfor all of those modls.

Sore of the younger members were ate ogen to such commeral mocdels, and a fev
wereactively exploring the possibility of setting up el spacesor ‘offshoat’ initiatives
as bisiness ventures, emthough they were coomus of thechallengesand, inparticular,
thefact thatLeeds coud not achievethe saméevel of sponseoship and'critical mass that
seemed to be commogkin largerand nore dfluent contexts:

James: So literaly the company’in trying to getrunning, the only reasorinh going davn
that route iditeraly because thé modelcant support the veryhing I do wart to do
with it, like, having a lo-hacking lab whergou really cando the progr thingsrather
than pg going, ‘Ohyes,I've gat to play around with the microscesa ht, that'sfun,
but it's not actuallymodifying stff. If you want todo tha you need proger controlled
conditions. You nedd to be respnsible for it. And you can't do that without sufficiert
lab s@cewhich is notgoing to hapen here lecause, atovely asall these gysare,
not eveyone is intersted in doing this sort ofttings, andwve certainly dan't all have
afew thousand grand lying around tasj go and chuckn for the random fishoct
that may or may nowvork out for people... London is theclassic example, theyare
licensed... Theyre actually licensd for hio-hacking, and bksically because Iwant
to do that sort dthing but as far as | catell, we dant have anyting nearingthat
amoun, because London is that cii@l mass... literaly acaseof anyhing codd go
on there... | mean London is aole other organsmiin itself, | don't think you can
evercompare that to everytingelsein thecountry.

This interestin the commerialisation of the Makr movementstopped,in a maner of
speaking, at the shool gde. While the Leals Hackspceis actively involvedin the lacd
cultural life, with apresereduringevents, festivaland otler community-baseddvities,
involvement with shools islargely indired and mediated by educational consukaamd
entrgorerewrial teachers who act arokers betweenthe nore commerial manifedations
of the movement andchools. During the intervies it became clear that thisituation
wasunderpnned by a ratter ambivalent position towardsitiativesthat specificallytarget
education. The educational side ofkimg was viewed by hackspacers as uneqalyp
commeréal and bsiness-oiented, ratler than a naturag¢xtersion of thecharitable,com-
munitaian amroach that otherwise inspired¢mrding to them, thdroader movemert.
Most importantly, it wasiewedas a compromised and watered-dowrsieer of naking:

Mike:  They (shools) will turn thewhole thing into an edcationalactivity, competely deny-
ing thesocial and creativapeds— simply put, it wor't work like that and iwill fail.

John: | worry about bringing schools into it— with their regulations, safety and control- as
opposal do whatyou want... schools bring their avn setof instructions andprotocols
that make thédeaunfeasble.
While our engagement with tHeeeds hacks@celeft us disheartened as to the possipilit
of involving expelienced makers the researcprojed, it granted usccesto anextensve
mailling list that included various individuals and groups irgte@in making. We care
therebre into contact with thiacal network of educational consultésexperimenting with
CodeBug in Leedsand NorthYorkshire. One of thlem joined the research teaacting asa
mediator betwenthe study and the twakools where thé eldwork continued.
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2.2. Makingin schools: small-scale material connotations

Themaking sesionsin schools wereorganised toedicateasimplified designprocessfrom
idea tofinal prototype. Studds werefirst introduced to therocess through gesrative
activities, suchasdrawing abasiccircuit using condgtive ink and theopportunity to manip-
ulate the egpment playfully. Following the introdwetion, they were encouraged to wor
collaboratiwely, skeiching outideas for an artefact that could ‘Orgitally erhanced’ using
the CodeBugs,whose most idtinctive featue is that they can bgevn on mostgarmerns
or sdt fabiic items(e.g.a toy) using meal eyeletdocated around theevice (se&igurel).

Whatbecame cledirom the outetwasthe support required fmoducefeasille designs,

coupled with theeffort to manage the mildly disruptiveebaviours, whie keepingimag-
ination and creativity constantly stitated. As the desigrctvities progressedrbm one
sesionto the next, &w studeis becameamore involvedthan othersn negotiating designs.
On a coupte of occasions, these disgssionsdevelopednto heated debasabout thedirec-
tion of thedesignprocess, with studetts trying tocorvince each otlr (and the reseelners)
that theiridea was the one to laken forward intoproduction. In onecasetwo studeris
spent a considerBlbbamount of time debating the saidea about wearddtecmology,
involving a‘'smart’ cat-flap and cat-dkar combination (see Figu:

Ikana Basicaly, you know howlike theres sometinesyou seeother peopletheyre wearirg
somehing andyou wanna know where theyt it from but you dant want toask, you
dont want to sound like an idipsoobviously,you've got like clothing recognition,
whereyou take the picture of the agd item, itanaly®sit and tlen it tells you whee

it'sfrom and you can go buy itdm theshop without asking wheret's from.... What
about ... you knowyou sad albout the cat one..

Sam: Somyidea, 'm working in groupbut lkara came up with the ag# idea, andit’s this
catflapthat’s conreded toyour phone angou canchangewhetterthe caflap letsyour
own cat in,out or bothwaysor noway, like locked. t's also... the cat’s also wearing
collartha it tells the caflap whetterit'sin ... the caisin orout or nd. You can... and
you can... it alsostopsany cathat’s not your cat getting in, stke a cd, evenwith the
same brad, itsgat a different serial nurdy or high, like, frequency so that it desit
let aryoneelses cat in, eenif it's with the same bral. | just came up with thigdea.

Figurel.aCodebug- oneof the micro-controllersusedn the projet.
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Figure2.the'smat catcollar.

lkana Whatif you saw a caand thougt ‘Oh, | wonderif that's the same cahat’s on this
poger?, and mabe you coud have sométing so thatyou take a picture of theat
and it registe...

Sam: Thatswhat | said..

When the smart cat-flap + dar design skieh (with theCodeBug at thecentre) wastaken
forward into ‘production, it scon became clear that ivould have ben too demanding
and complex talevelop,giventhe many constraits in which the projectwasoperating in
terms of time and resourceshe same aplped to otler ideas, whichwere playfullyconsid-
ered and tén discarded: an autoniatclothing resognition sysemto simplify shopping,
asurvéll arce systeminvolving a doorbell, a camera, some glue abgiously a CodeBug
Therebre, theprocess continued bgxploring individual techoogicd functions assaci-
ated with the original designeventually focging on imgementations whichathough
basic, weregdistic andachievalle giventhe avalabe equpment and théevel of technical
expertisein both groups of student$his involved the creation of personalised messages
and loops sing theLED lightsintegrated into th€odeBugs(Figures3 and4).?

Material connotation, thatsjsemiosis beauning entingled with technimgicd design,
was inwlved at variousstagsof this process. It wasthere wienwe aked studets to draw
on their interests, gssions and cocerns to proposeidess: pets, &shion andshopping,
and so forth. It was alsasible in several discusions that took pcea the nargins ofthe
designprocess, whichrewlved around sdf -expression. During these discisonsstuderis
playfully explored roles and identities that thiegieved wereasscciatedwith the ativities
theywere engagingn. Forexample the stereotyptd ‘geek’ identity, whichwasexplored &
partof apostive, sccially acceptale modeof engagement wittecalogy, and postioned
in contrad to thelessappeding butequallystereotyped ‘nerd’ idertity:

Sam Beinga geekis god because pedp are kind of callingyou smart tlen ... or it could
mean, like, you have ndife
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Figure3. linesof codein blockly.

Figure4. ‘eurekd momentasthedevice workedasintended

Jasmine: | think the wordgeek’ is like... ageekis someone.. theyve got asccial life yedah,
and they can like gout and like be with fiends, but they've gat skills and, like,
sciercey typestuff and, like, conputer andall tha sortof stuffand load®f people
like, getgeeks and nerdsmixed up.Becau stereotypically geks are the oneswho
like to goout and they cado stuff with their friends, but they caralsocomein and
do techystff, and nerdsare jugt lonely, and y< sit at a corputer all day, jug like
this faraway from the screens like (shetgter hand in front of br face).

Sam: | think that it st depends on wholike, no mater whoyou are, whetler you're a ge&
or a nerd, asohg asyou have that one person thateldyou (laughs), no honestly
you'll be alke to goout, you know. Asin thoudh, asin they both have fends there, s
they will lead a mainly carentratedlife, whateer they're doing, but then there wil
be timeswhenthey ug goout and peofe dont rediseit but it'sall jus ... | mean they
... that theyare agee or anerd.

The educational value of these dissiasis is ogn to debge. A criticd obserer could
point out their mundanity and the departurent the desigprocess— something tdake
into consideration wén schools or pdicy-makers may reasonatdyped the® acivities
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to foster learning outcomes, or increased tecHnproficiency.A supporér of clasroan
dialogue, on the ottr hand, would gladly reposition the entire situation as an instaof
meaningful discourse about cag@nteressin STEM subjeds and identity deelopmernt.

In this sense, media arwitural studies can provide additional tineticad resources
to make sense of thephenomenm, highighting factors that may evade the gazmofe
conventional educationkdnses For instance, poststructuisilideasthat draw on the wér
of Deleuzeand Guattar{1987 coud beusefullyemployed to ga a pespecive thatfore-
fronts the afore-mentioned complexities and acknowdstite mesiness andnobilities
inherentin the pactice of making. ‘Deleuzan perspectiveshave inééed beenused to offer
insights into expeliencesinvolving different medi, such as ideo ganes(Cremin, 2015),
film (Rizz0,2012 and music radioAkindes,1999, and to research diverpheromera
andpractices,suchas creativity (Jeane2006), cdlaboraive writing (Wyat, Gale,Gannon,
& Davies, 2010 and chssroomliteracy (Leandei& Rowe, 2009. In line with these studies,
making can theredre be undersiod asaprocess,a‘becoming (Deleuze &Guattari, 1987, p.
10),rather than dixedor stalte idea. In thisway, anexploration of naking is not bainded
or regricted by esatished definitions butinfluenced byhistorical corceptionsintersecting
with in-the-moment djustmens and responses, drawiilgideas and ingpations fom a
range of cultural soucesandcontexts. Suchgaze therebre,takesacmuntof both finished
product and pgoing process. This helps us to focus onaking as an enrtgent pactice,
not necessaily undestanding ‘desigy aspredetemined orprolonged engageméybut &
an agoing process that $,at times, spontaneous and creative, vigloliginsin multiple
influencesfrom thelivesandexpeiienceof those involved.

Whate\er theoreticd view may betakenon thecultural-educational tesion that seem
to underjn making, it is important to acknowledge theadual departure, thsemidic
flight’ to return toBaudrillard’s tetrminology, from an interesin the structurajproperties
of tecmdogicd artefacts, to theultural worlds inhdited byyoung people.

An awareness of this dyméc can have pdagodc implicatiors, potentially héping a
facilitator or teeherunderstand — and maage — the inevitake semioic flight in a pro-
ductive fadhion, stopping it from becaning ‘semidtic drift, where cutural connotation
comgetely takesover the process and the interegt the structurabroperties of artefacts
falls by the wayside.

3. Conclusion: making and democratic education

The man cortribution of this papr is to a theretically informed research agenda o
educational raking. The makr movemety and tsinfluenceon formal education, careb
productively examined as a tdp of scciologicd and cultural interes, in order to beter
undestand the pdagodc implicatiors. Making, in other words, is notabrand newedu-
cationalinnovation, nor desit signal the emeyernce of radcaly different educational
approaches. ltshould insteadbeviewed agatt of histolical andcultural trends thieinclude
changesin the nature of ingltrial production, the increase in, and sagtication of,‘pro-
ductive leisure time among the middlelases,changesin notions of childibod and shifts
in the peceptions egarding the economic arsbcial purpose of educatiorSimilarly, the
empirica study of naking in education camake placealongsaciologicd lines, analysing
the actualocd networksalliancesand actors that turn aking into an educationaédity,
before moving on to the ethnographic aysi of imgementationsin actual settingsn
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order to observe howoung peote draw on theircultural worlds to‘connotate the desig
process.

This study has impcations for the denusatisation of naking, beyond narow utili-
tarian agendas of jobadiness andkill gapsin the economy, and the @it exclusionary
approach of the haak culture. Increaing equity andndusivenesgan be done at the ldve
of classroom interations and group composition, as susfgd by Blikstein and Waosley
(2014. This isimportant fom apedagodc perspeciive, but itwill not suceed at asystemic
level without taking into consideration theoaderactornetwork relations through whic
making beconesan ‘educationa thing. The interweaving of interests, roles aednolo-
gies that revolve around desigrpageches, chid-friendly programming arguagesand
actual devices such @&odeBugs,Raspberry B, 3D printes, and so forth. Researahd
interventionsshould therebre focusmore on thdinkagesbetweencentresof expertiseand
authority, suckasuniversities, gppliers, corporate sponsors afithders; and on théorokers
(teachers, consultais and ineed researchers) who mediatédetweendistributors, start-ups,
schoolsand communitiesA form of politicd work is required in different ‘regons of these
networks, literaly lobbying for indusion,equity and demoratic paricipation; encouraging
diversegroups fom civil scciety to insertthemsévesas sakeholders; creating platforms rad
forums for demoratic paricipation which are not monopolised irethame of excluding
criteria underpined bysacio-economic andultural privilege.

Whetter thispoliticd work s possile in the current educatigoolicy landscapés open
to debée, as the emphasis onaking, coding and techiaygicd proficiency more troady
may not be dvenby demaratic zed afterall, but by asubtle governagestrategyto recon-
figure young people anakers andoders— docile techno-labourerexpededto solvesccia
probdems on ehelf of an increaingly relwctant and disengaged afinstate(Williamson,
2016 Sims,2017). There is no denying that the values of tecHrprodem-solvingand
fixing' tha oftentrarspire through the aking movement are werpinned by anidedogy
— one thaoftenshows impaience or ouright disdan for theslow-paced, negatiatednature
of demeratic processes, and is are indined to frame the wii as a desigohalenge o
a sequece of debugging issues (@fozov,2014. Nonehdess, the reding of educational
making as a particuldy cynicd form of sccial engineering is one we do not eatyrsub-
scribe to. An apreciation for the diverdecdities of making and awillingnesgo listento
the voicesof young peote canin fact open up alternativeperspectivesand nore nuanced
narratives of becaning and apropriation involving techdogy becomevisible — some 6
these can ineld be edstive and idiosyaoratic, ratler than digned and uncritd. It isin
thesdocalitiesthat demaratic educations bestserved byursuing inclusion and dialogue
without renouning criticd analysis.

Notes

https://scratch. mit.edu/
https://www.raspbermrypi.org/
https://www.codehug.ag.uk/
https://developergooglecom/blockly/|

Kickstarer is a crowdfuding webste where pede canfinancially back projects, arate
offered airgible rewards aml/or expeliencesin exchangefor their pledges.
|https://mww.codehug.ag.uk/|
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