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New dlgllal technologIes ha,'c had a drumatlC ctTcct on all 
UT(:IIas of human work. tmd the work of educalHmal psy­
chologlsts IS no excepllon, There arc m.:t.ny ""Y5 10 which 
we can Ih lnk llboul the rolc Ihat Ilochnolog.('S play In what 
we do as seholnrs and researchers of educllllonal psychology. 
Technology, for mstance. has changl-d how we think about 
teachlnl! and iC'amlng 10 Iwo key " 'ays. FITSI. II has mflu­
enced thc kinds of modds and Ihrones "'c ha,·c of the mind 
(from C'lay wblels to dlgl1al comptJlers). Second. lechnology 
has chan!!ed Ihc ecology or conlexts ..... Llh,n whIch IC:l1Tllng 
OIXurs 10 meludc sc\"crolmlCTSCCling spaces IIrn1poral. spa­
lIal. home. commun"y. onl Ine, etC. ), 

A close exammallon of thc relallonshlp bt:iwcrn tech­
nology and the \\Co rk of educallonal psychologists rcveals 
ch.:mges In nearly n<Cf)' aspect of Ihc work that oouc31umal 
psychologists do, Thus. .... 1' ha,c orgamzed .h,s chapler 
according 10 the role thaltechnolo!!y has played III th ... en-ry­
day actl\' ltlC'S of C'duclItlooal psychologlsl';' grouped In'O 
clght gencrnl categones. bocfly dcscTlbed below. 

I. Slud~' phnonl~n •. EdUC~"ON!1 ps)"Ct.;,Io@IMlIiludyphc""meN! 
• nod COUIU!> whc«, 1~""h,"S and Ic~mlns ",",cur. Ne'" u,,,hool­
"I!IC"S proVIde new pr.coomcIII and .onlexU for ",achlnS _nod 
lumlng Ihrough Ill<' II-d,'~", ofsocl ~ 1 mcxll'. sames .• nd "",ual 
lumlng en",ronlllcnlS. Tr.csc IW'" Ic~m,"~ en"ronments al'" 
prov,de new kmds of dala and ""w lechn l,!"e. for dala onal)"" •. 

1.1I~.1!:" " ",II~., T<'ChnuloIlY alTord, ""w f"mts of ",seoTCh 
dc~, ~n' ollo"' lnll. for enmplc, ",,..,.,,,ht ... 10 1rack ,nd"',d_ 
u"ll>eha"or Ihroullh onhne ~n .... "n""'nl" provalo;: ,..ilor·m. dc 
mpu" to Ind" Iduol "oden .. (or llroop_ ohlulknlsj. and dc"dol' 
new mtxIcls of Itmull"o" .00 modchnll of' ,"ualleamerl. 

.l. ColleN d"," . N~w l~hnolo@lcs havc .ffordc<l ""w Iype> of data 
TO «' •• .-a",htrs (,no:iudiog dota from cd"CO"OMI ""UroscICnce. 
.. mulllcxl data, C)'c-lrockinll da'a. VIdeo da1Ll.'OO SOCIal "","'on: 
data), ludlng to changc-s ,n dota collecllon. 

4. A".~_' leornin!:. 1)'II".llcchnololl,el oOh tlcw»<l""b,hllcS and 
oppor!un", e~ ror use"m.n! of learn,nll Ihrough lhe di:SI~n of 
new •• se .. m.n' ",.k, and ,he »<I,,'er of lallle'SCII" a,ses,mcnl 
Ihrnugh '"'''m,',~1 ,o;:onnll. ,mmed .. ,e "'»<1"'"11. and Imprn,""'" 
feedbod . 

S. A"'f t< dll • • New Icchnok'll,e.lcad to "" .. ' fomt. or do,.. .",,1· 
yS\'O----Offcnng 1001. llul pro~"Jc g~ahl" powcr , nd emole""y ,n 
ho .. ' quanUllll,,·c ,nd qual,ta1J\'C _!\IIlysc •• ~ tondllC1<,d. 

6. De'·~lop Ibfflf"le •. Thc &"ck>pmcnl of sound, prcdJctabk. data· 
dn"cn thconC"S .. I"',.moonl 10 Ihc tondllCl of ~a",h In cxlUCI' 
11..,...1 psycholo@y. Some or Ihc ronscqUCIICC-S of.he IIICIulolOU or 
d'gLtallCChnologLcs 1«' <klI,,,,·bued rn.m~h. 'dllng boundary 
cconohuons for ,he IJIPilclllon of theones, and ,!ueslt""tni the 
,.1"" of.t..o.y 1I~lf. 

7. R"". "·ril~. p.b~ .h , . 11" d; . ... mlul~ 1M .. , Today'udllCl""""J 
psyrt.;,logt>lS mlbC COII:ildcr how ""'" t.'Chnolotl' • ." ho,'e corllnt>­
"h:<ll(l cho"ll'" ,n publ"",,os- ..,.,.,..,IHI,I)', and schola,""",p. 

I. Co.fro., ~I. I .. I I .. " n . lis in .11 .... sclrch • ..,w lCChnoqlcs 
han broughl .OOUI • """' rangc or o:1hIC.II"U~' ,hoI .dun"..,...1 
psycholo@l .... ha'·elocou"'OO"',ib h ltchlSlt.;,,.."'lalcxllodol. 
secunl)".nd"",w .... lIul.:tolion. COIlCI'tlI'"g m,ntu""",,1 "" 'ICW'. 

We cxplore Ihc changC"$ otcumng at the InterSIXllon 
of educational psychology :md technol08Y In Ihc sccllOns 
below. wh teh correspond wllh thc CI!!ht gelleral catcgoncs of 
SCtlvlty of educatIOnal psychologlsls. Some of these catcgo­
TIes arc morc specllic 10 the work of ed"eallOnal psychology 
scholars Ihan others. For InSHlnce. un der "Study phenom­
ena:' wc explorc phcllomenil now D\'at 1~,b1c for invcstlgallon 
by L-duca llonal psychologIsts due to Ilochnologlcal changc, 
bUI. under " Read, wnl~, publish. and d,ssenllnalc Idcas:· 
thc changes wc diSCUSS apply more generally to sehol ar~ in 
many, If OOt all. d,sclphnC"$. Thai ~ud, wc focus Ullenllon on 
ISIol.n:s specifically Impacllng thc work of edtu:ational psy­
chology r=-MCher,;. paymg less anCl1l1on 10 ISSUCS that ha\"c 
broader Impllcullons !!Cross all fields of study, We Innll our 
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d,scuSSlon of the eolluN>l'Ilt1VC work educational psycholo­
g.sts do foc.lltated by tcchnololl.cal tools. and rcfnun from 
d'SCU,IOSInll ne"' t~hllOlogy-l>ascd Murees of data such as 
elec'n;lcncqJhaIoIlTams (EEG5). fUl\Cuonal magnet.c rel;O­
IUlI\CC .maglng (fMRI). and posllron emISSIon 'omography 
(PET) scans In .he burgromog subficld of educallonal ncu­
rosclcoce. Ahhough .hese are "aluable fo r educatIonal psy­
cllOlogy rC'S(afCh ...... e havc 1"11)1 addressed .hese: ISSUes In ,he 
presenl chap,er for rea>1(mS of spacc as well as the fOCI .hal 
these IOplC'5 are addrt'S.~ 10 olher Chaplers In ,hiS handbook 
(see Chaplers S. 2S, and 26 In Ih.s , ·o lumc ). 

S lud)" Phf llOlllf il ' 

New technologIes ha,'c Slgnlflcaotly Impacted .hc phenom­
,'Oa wc study liS rescarehCTllIn 1""0 pnmllT)' way~. FITSI. tech­
nology has Introdueed 3 host of nc .... phenomena " 'onhyof 
rcscarch .hroullh the ad\"l'Ol of socml ml-dm, gaml-s. Hnd VIT­
tLlal leammg C11\"ITI)nmC11ts. Second. II h!U sh,f\ed Irad ll10nal 
dl(holOmICS. such as mforma l versus fOm1al. and cremed 
new ones. su~h as vIrtual nUlls physlcal nnd onhnc versus 
omlne. By Inlroduclng new phenomena. Icchnology has 
oflen sill flcd Ihe landscllpe of .hese "bound3T1cs:' thus com­
pllcallng whul on the SUrIlIC~ may appear to be somewhal 
slmpllSIlC dlchOlomlcs . 

Sodaf Nn" 'lJrl/s 

Technological advanccml'"~ haH contflbuled IOcTea.<m!!ly 
to people's adopl lon of W('j"f mcUj". Q term oflco used 10 

refer to onhne technolo!!ICS and applications whIch pmmolc 
people. thclr IOtC'TC'onnecnons. and uSCf-gcncrnled conlCOt 
(Cormodc & Knshnamunhy. 2008). Amon!! thc many dlffer­
nil k,M;; of SOC ial media. o f particular InlerCSt 10 edu~atlonal 
psychologists are JlKla/ nefN'Qri' #I<'J, meludlng Faccbook. 
Lmh-dln, Googlc 1· lus. anti TWlller. which 3fC dommanl 10 

Ihe early decades oflhe twcoty-firSi Cl.'"TuuT)'. Such SOCIal nel­
work SUCS lYr'cally fClllure Ihe ablilly 10 consume, producc, 
or tntCT1lCt wllh streams o f uSCf·gcoer.ll ed conlen' pro~lded 
by onC·Honnecllons (Ellison & boyd. 201)). 

Social nelworks o tTer educatIonal psychologIsts Ihe 
opporlunuy 10 study a wldc rungc of cmplTlcal questIons 
sItCh as how thcse oCt""Orks faelOr InlO. shape. and arc 
shaped by the learnl nl! locology of their particIpants ( B:!rron. 
2006). SocIal oct works lire I nc rcasm!!ly being used m VITIU­
ally all areas of pedagogy (Munea & Ran ICrt, 2013: Ran Icrl. 
Manca. & F,n,. 2012). For lnSlmiCC. scholars have sludled 
how onllnc socml nCtworkmg can InCllItatc ncw forms of 
eoll:lbomtlon nOI feasIble with tradlllOnal communIcatI on 
technologies (Grcenhow & LI, 2013) ~Ind thc usc of SOCIal 
medm for le:cchcrs· prof.-sSlonal dcwlopmcnl (Ram~"TI. 

Manca. & FIOI, 2012) , ThIS ""Ork suggcSts posslbtll1lcS for 
educallonal deSigns po"'ered by SOCial medm wlthm a Vart­
ely of karmnll and teachIng co01 ... )(,;; as well as a rCVlslt­
Ing of con" cnllonal lcarnlllg thron~'S us they play OUI In 
such conlexlS. For Instal\Cc. In studym)! SOCial networks, 
schol3Ts ha"e found that SOC Ial links md lcsled m automat_ 
ICally gencrnled and dynamically updated network graphs 

(c.g., Face-book vISualimlions) are not vuhd mdlcalOrs of real 
user connecllon as previous rese:areh us,ng SOCIal grnphs 
from phySIcal OI)s.e""IIOnS of In·perMn InlCT'JCtlOnS " "Ould 
suggCSl (Wllson, Sala, Putlaswamy. & Zhao, 2012). Other 
sebolars ha,'c cxammed bow IISpectS of COmpllll"T-SUppnrted 
collabora1l\'e learmng theory, gCllcralcd m o,her collabora· 
\"' ... spaces. arc con!rnd lcted In SOCIal nelwork Sll~ (lud dl.!", 
TSO\"ltZI. Puhl. & WClnberger, 2014). Such studl~ suggcsc 
ho .... educallonal psychology rc:search may ,.Iuf\, requlrmg 
morc acCUTatC moddlng 10 e'\"lua.c SOCial network phe­
IIOmcna 10 hghl ofnCVo' techllOlog'cs (see Chapter 2S In !hls 
'lllumcj_ 

Gumes 

Ahhou~h .he educallonal POSSlbllltlCS or Icarnmg from 
games havc bcI.'"n conjectured and StudIed Ihroughoul hIS· 
tory, Ihe advent of dlgllal games IS a relallvely recent phe­
nomenon wnh trerne-ndous economIC, cuhural. and SOCial 
, mp hcanons (Squire. 2006). Educullonal psycholo!!lsts have 
,tudlCd thc COglll tlVC. socml, and CfT\Otional IInpaets (both 
poslt' ve Dnd negallvc) of game pla~Ulg under VUTlOUS ~on­
d, tlons, On Ihc poSlt1Ve SIde. research h~IS s.hown plaYlng 
computer gamc~ can enhance cognlll\'c processcs ~uch lIS 

percepllon. 311('11110n, and cognliion I And~'Tson & ilavdler. 
2011): rcac!!on IIme l Karlc, Waltcr, & Sh~-dden, 2010): and 
ml'Otal r0l3tlnn (Sims & MaYl'T. 2002). Games have also 
been shown 10 ha\c some succcss In IransfctTIng learners· 
;;ktlls to ·'r ... al -world·· SlIualions. ,"cllLdm~ n'ghl trmnmg, 
Ihc tTalmng of SIIrgcons. the C'arc o fd,atw1es. and ,hc dc"cI­
opmcm of prosoc lal behavior (ToblllS. FI''1~her, & W,nd, 
201 4). On .he- other cod of Ihe speclrum lIrc concerns that 
game play IS of\en IISSOCtated with lower 5I:hool ach,e'\'c­
mcot (Gmllk. 20 I I ) aM nC8all"c bcha' tOr! SoLIch 35 allgTC:'l­
ston (Tobias el al.. 2014). 

The .mportanl tS;;uC lOr ooUC'.tIlOnal flS)dIoIoglSls IS thai 
Ihesc g:lffiC m,eraCIlOllS can havc S1gmflCant psythologocal con· 
;;equcnccs ~ausc they occur In mVIronmcnts Cl!;trolCll,.,zod by 
prelensc. ",nualny. dt.>l.:lnce. and mC'dtailOll. Lczomg m these 
nt'I."urkcd. dIgItal spaces Of\l'O ocrul"lllhrough aclll'C partlCl))'I­
tlOO In !be gamc·s vlnuaJ !iOCL31 S1ructuTC:'l /5;llen & ZImmerman. 
20(4) and IS C'>";:tiu;ued Ihrough llClual pcrlOrmancc-1I. d,lli,:n;nt 
manner of engaging In 1("..Imln!! than In a traditional learnm)! 
('IIVIlonmcnl such as the CL1S.o;room . 

Firmaf En 1';nmmenlS 

Yimlll/ el1>'in:mmi'Il IS mc systems where mdl\'Iduals Inter­
aU wllh Slm ulaK-d Ohjl"CIS, people. or cnv lromncnts. I'frlll'" 

,.."rld,' represent onc type of Virtual envlTonmcn1. 10 vlnual 
,,"Orlds users nre OftL" Idl"lIficd by '"'0- or Ihn:;:-dlml'OSlooal 
reprcscnwllons called ''''Illars and ~ommu",culc wllh each 
()lhl'T usmg tUI. VIsual gcstures, and !iOund. Educallonal 
psychologists can explore how such en\"lmomenlS mle­
gralC wl1h. m'Cllslfy, or conlradlCt Il.'"3mlng and teach,ng 
m phYSI~al mv.momCIIIS Dnd c~plore learners· ncgollllllon 
of Iden1l11CS wllhm and bt:i"CCII Ihese: spaces (Tettcgah & 
Calongnc, 2009) , Moroo ,·er. vlnual nH"lmnmCOl5 form an 
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The Work of Educ.ttonal Psychoi<lglm 

InLel1ml componcnt of Lhe growing C<1ntCmpornry usc of 
online education, 

Olllille EdllclJ,itm 

Online educalion IS fasL becoming an ahcmalive mode of 
teaching and Ie~mlngand a supplement to tmdnlonal fa~e·tO­

face lxlucmton (Picciano & Seaman. 2(09). Online educalion 
may conSIst of wholly online courses or hybrid or blended 
courses that combtttc onltnc componenLs wllh tmdnlonal 
face-to-face components. Most rl'Cently. online eduC3UOn has 
seen the Tlse ofmasslVc open onltnc coursC'S (MOOC). a term 
refemng 10 onltne courses targcttng large-scale tnlemcttvc 
partlClpaLlOn and open acce;;s VI3 thc ontcmCl, Regardless of 
format (wholly onlinc. blended. or MOOC). onhne courses 
may conSISL of tradmonal course rC'SOUITCS such as readings. 
videos. tools to factillme synchronous and asynchronous par­
ttclpahtm, and course managl'fIK'nt systems. 

The me of onltne educmion olfers new phenomena for 
educattonal rese~rchl']"S to examine, Rescarchers have exam­
Ined ISSUes such as Lhe eO"txtl\'encss of online inStructIon 
compared to face-to -face tnstrucllon. practices aSSOCIated 
wIth emoetlVe onlone learntng. and factors thm mnuenee the 
elfectl\'encss of online leamtng (Mc.~ns. Toyama. Murphy, 
B.:!km. & jones, 2010). AddlLlonally, approaches In onlone 

edueatton (pantcularly MOOCs) ha"e Ihe potential to gen­
torate large dataS(.1S---Lhr{)ugh ooth the content prople upload 
and the behavioral traces (such as log ftles) they leave 
behllld- whleh C3n be mllll>d for paltl'rrl'; and uSlxl to tl'Sl 
ieamlllg and Lc."K:hlllg throrlcs at .1 scalc not prevtously secn. 

Ilfsign Studies 

In many ways. how we dcslgn studlCS tS aL the hearL of whm 
research IS and of what wc do as educational psychologtsls. 
academic, and scholars; this i,sue thcrcfore dnves Lhe cen­
tral tssues III each of the eight categories of work thai cduea­
Llon~1 psychologIsts do. In this S~-CLlon. howevCf, we lOCUS t>n 

three new contC}(ts Ihm dlgllal and netw'orktng technologies 
havc created for deSlgnlllg new stud l e~ and twO Important 
research destgn strategIes Lhm dtgllal envlronmenlS proVide. 

Srudh'!1 ii' lIirwul Worlds 

One new eOntCXI thai nt1worklllg technologIes have proVided 
IS the onlllle virtual world--dlgilal envlronmenls where peo­
ple can work and IIltt"fllel 111 a somt·whaL realist;e manncr. 
Research contexlS tnclude o:;.;lStlllg recr~'3l1onal. muill-user, 
virtual worlds that haw bcl.n adnptt'd for edueaLlonal purposcs 
(e.g., Act,,·e Worlds or Second Life) or worlds dcslgned spe­
CIfically for edu~all"nal purposes, slll:h as RIver ClLy (Clarke. 
Dcdc. KClclhut. & Nelson. 20(6), Vtrtual worlds make allrae­
live re:;eareh envlronmt"llts becausc they can be de;;Igned to 
automatICally grnlT3te data as users II1lernCt wllh the world 
(e,g,. acm'ltlcs most performed. time on L1sk, contenl genl'T­
ated by U!>CTS). [)cs,gned sLudles of vlnual worlds can exam­
Ine how well pedagogtcal apprO;>ehes used tn other setltngs 
function 111 LhL'SC worlds. They Can also test promll1ent leamtng 

throncs. such as thoones of sci f-d,rectro Icanung and mol ... a­
lion: compare learnmg and tcachlng proccsses and outcomes 
Ill-world and ouL: and cxplore thc eo-cvoluhon (or eontmdle­
liOn) of learntng and design (Dc Lucia. Francese. Passero, & 
Tonom, 2(09), V,nual worlds desIgned for educatIon can be 
studted m Lcnns of how well they help 1c.1mers underst.1nd 
dl;;Clplinary conceptS (e.g., ;;clcntlf" rC3sonlllS: sec Chapter 
24 tn thiS volume), LO Lcst LhalTles of how people 1c.1m and 
teach (Bnmsford. Brown. & Cocklllg. 2000), and to e~plore 
how h:ruTltng. pedagol!tcal, and dcslgn thooncs co-cvoh'c and 
,;hape one :mother OVCT successive ttcmllons of vlnuai- w·orld 
p.1rtlClpatlon and deslsn reVISIons. 

Simll/lJfioliS w,d ModelinK as £I;perimellIWi(}l1 

A sl"Cond relmcd C()nLext that can prOVIde expanded SIICS for 
research arc SI mu lations and other forms of COmpuLer-gen­
crated model mg. SmwlaliollS arc constructcd worlds that 
are a close representalton ofthe physical "'orld governed by 
the same rules. SImulmlons and sImulated labs (e.g., virtual 
frog dtSsecLlons 111 sclcnce educatton) may bc useful where 
repeated pwctlCe IS reqUired or where Ihe actual phySICal 
expenment would bc t()O costly, LIme eonsumltll!, or oth­
erWtse Impractical to enaci tn real Itfe. S imulations ha'·e 
been uscd to illustraLc key pnncoplcs Itl dlsclplltlcs such a, 
biology. chemtstry. phystcs. and earth and space sc ience. 
StudIes can be dCSlgned La cxamltle wht1hcr and how Sl mu­
lattons help learners understand discipllllary concepts. For 
example. studIes of the SImulallon t·,l\'lTonmcnt NelLogo 
have tnvesltgated mlddle- and high-school students' der­
Ivmlon of thc ideal gas I3w from mlCrokvel mteractlons 
among gas parLlcies In a box IW,lensky, 2003): creallllg 
and leSling models ofpredntor- prey wterncLlons (Wilensky 
& RClsman. 2006): and explonng Lhe rates and d"C<:lIons 
of chemtcal reaCllons for wdlvidual molecules (Slleff & 
Wilensky, 2003). StudIes can alS(> he deSlgncd to compare 
Icarncrs· outcomes following SlmUlaliOnS versus hands-on 
lab cxpcncnccs (Ma & NIckerson. 2006). As h:chnology 
tmprovcs. 50 does the fidelny of the stmulaltons. provtd­
wg c\'cr-grcaler OPlXlrLunltleS lOt futurc rescarch (sec 
Chapter 20 Itl Lllls "'olume). 

Oll/ill(' E dlirUfioll "li d .!fun;I·c Opc" OIlIiIlC 
CIJur$e,,' 

The nse of onlme educalton and MOOCs mrgettng large­
><.:ale Itlttractlve studt'fll panlClpaLlon. OpL'fI access vm Lhe 
tnternet. tntcrorgamz:lllonal collaooralton. and the genera­
tIon of bIg datasets proVIdes opponunnle;; for mterdlsclph­
nary. Intercultural research on 3 scale not preVIOusly secn. 

Though reiatlvelynl"'" the poto:ntlal forr~h on MOOCs 
IS Intmct\SC. MOOCs allow tor the dCl·c!opment ofleanung Ma­
Iyilcs Ihal can be used for adapUllOn and pcrson.all7ln'on of cur­
riculum through predICtIVe modelong and forcc3SlIng of IClImer 
,,, .. havlor and/or achtC\'l'fIlent or for the application of SOCIal 
nClw{)rk rumtYSIs techmqucs l<) OptlmllC It-amer Itltcrnchons. 
Instghts gcnermed from such studtes may contnbulClO new Ihe­
mellcal models, soch as models of . .;elf- and pct.T-a.;;"cs;;rt\("Il1. as 
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well <IS to Lhe dcslgn of auLomaled mochrutlsms to suppon rutd 
augment studenls' learntng goals and processes, 

J)1'5ignilig S,uuil!)· H·ilh Big O"r" 

Whal tscommon loall of the technological contexlsdescnbed 
Hb<we IS LhaL u,crs leave cnmplex traces of Lhelr mteractlon 
wllh the envtronment. the content. and wnh each other and 
thus scnl"rmc brgl' and complex datasCl~, By employmS 
a eombtnatlOn of modern art ifiCIal tntelligence. machme 
lcammg. an(1 StatlShcal te<;h",qllc~. these diltasl>iS can be 
cxamtned tn a \'aneLy of ways to reveal relallonshlps. pat­
lems. and ,"SIghts not eaSIly dlscov~"rable th rough standard 
database managemenL tools <1r dma-processlng appheaLlons. 
COinCidIng With Ihe rISe of big data, Icamtng analyttcs IS a 
rcernt arca of scholarshIp that secks LO collcet, analyze. and 
report data "aoout learners and thc", contexts. for purposes of 
understandmg and optlmlzIIIg lcamlllg and the envlronmenlS 
tn which II occurs" (Stemcns & Long. 2011. p. 4). 

However. dt'SIgnlllg studIes IIIvolvIIIg fllg dataSl>iS can 
also be problematiC. Destgned sludtcs can overstmpllfy com­
plex human ilCtlons and mOllvatlons. magnIfy data errors 
when muhlple dmascts arc combIned. and create d,vtdes 
b~>!ween those who have access to bIg data and Ihose who do 
not (boyd & Crawford. 201 I ). Add,tIonal chal lengcs tnclud(' 
cstabllshlng norms for collaooratlng (Icross btg dal3 projects. 
creating ways 10 meaSure and rcwiU"d md,v,(\ual contJibu­
lions. and deftntng Ihe mosl prcsstng problems: that 15. dlS­
ttnguIshmg the ne(>dle [rom the bIg data hay,tack, 

Swdiel' ill ,.,I,ich E I·I!f"J' I'ur,!cipunf ge/l· II T "il"r­
mlldc COlldi,ion 

Newcr digItal t~-chnologlC' aloo l'1lable ~>ducatlonal psy­
chologtsts LO dcslgn sludtes tn whtch each SUbjecL ls asstgned 
a cuStOm experimental condItIon, For m;;tance, dmgnOStlC 
educational gamIng envtronments Lhal unlock levels of game 
play based on how and how well IIId Ivtduals progress through 
the game can provldc each subject WIth a t3llor-made eondt­
Iton. Stmt larly. dl fferenl vcrslons of an on IIIIe course Ihal are 
randomly aSSlgnl>dLo learners can allow for Lrue cxpenments 
10 tCSL dtfferent tnlerventtons or thoorClical frameworks. 
Such technologIes suggest the promIse of ta, lonng re,ean:h 
condnlons for tnd lvtdual p.1ntCtpants. 

Collet.! !lata 

Wnh new technologtcs come new types of dma. Changes in 
the avaolable typ<:s of data also bnng aOOUI changes," the 
foc.us of researchers' a((rotlOn. the methods Lhey use to study 
thesc phl'llomroa, and the Iypes of questions thcy ask. Key 
posSlblhltes for ncw LypeS of d3ta afTordtxl (I) educahonal 
psychologlsls by technological advances are highloghted ttl 

the sectIOns that follow. 

DUI,,/r(}m Iile W"rld Wide Web 

Sillce Ihe OO\'C!11 of the first wtdely avatlable web brO"iSCT 
(Mosme) III 1993. the IIltl11lel had gmw" LO over 23 bl ltoon 

uSCTS hy the year 20 14, Along WIth tlie c....ploslon III tlie numbi.T 
of USCTS. w·cbsnes, domain n.~mes. and .!Ophlstlcaled designs. thc 
Lypes of tlala availablc as tools havc also dr:unatlcally lIlcrcascd 
for bUSinesses. markClers. and. more recently, rcsc.1rchcrs. 

Web anll(l"Iic5 arc the data collcrtcd automatIcally by 
wcb servers 10 trllck VIStiOrs' lIlterncttons ~nd behaviors wllh 
wcbsne,. When comhtn(>d wnh dm~ from mhl']" wchSllt'S and 
browser tracktng (~ta cook ies and scsston data). Informatton 
can be genl'Tatl>d aoout the VlSllor to a webSIte. ,"c1ud'"g the 
visitor's pnor browsIIlg h,story. likes and dlsltkcs. sex. age, 
Income. ethnlCny. and purchasIng htstory. Another source of 
d3ta from the ItttlTllCl Coml'l\ from a Lcr.hnlque called web 
cume'" mining or web scrupi"g (!3harantprtya & Pras.ld. 
2011 ). In thIS approach. data arc gaLherl>d or cxtraeted from 
websttcs via automated processes, These tcchntques of gen­
efanng hlg data havc Lhe same strength, and weaknesses 
described abovc, 

S;mlllUlcd Duta 

Not all dma come Irom dlrecL oilstTV31t0n of pilenomena 
or derIved measures, The nse of computing tl'Chnology has 
dnven Ittcreased usc of simult,'ed dUlo, data gcnt'-Jted by com­
Pltt'"g processes that SImulate dala that mIght be otherwise 
dllflcultto ohLaln. TIllS technIque has been c<1mmonly used Itt 
stmlsltcs 10 Lesl Ihe propcnies of many stattsttcal procedures. 
For example, '" SImple StatlShcal analy~cs such as the l-teSI. 
the Slatlsltcal power (type II error) can be computed exoctly 
from formulas If all Sl:!t"'lCal a;;sumpllons arc ml>i, OLhl'l" pro­
cedures. like non-pammClne SlallStlcal analyses. do not have 
C'J$Ily computed type II values. bi.-causc the procedure dq}C'nds 
so he:lVIly on the Lype of data LO be amlyzed. In Lhese Ca5CS. 

Mallie C"r/o 'echniqlles (Kalos & Whnlock_ 20(9). a type of 
Simulated approach. can be used LO gencr:tLe many samples of 
the k,"d ofdnta expected. The stmlsttcal procedure is then run 
on these SImulated data. rt"jX"'dtedly. III order to establIsh the 
mlc at which the null hypothests t5 rejecLed. This rate tS an estt, 
mmeofthe typ<: II crrormte (for examples of thIs, sec Mumby. 
2002: Mutheo & Mutheo. 2(02). 

GIVen roxem advances III computing POWl']". Monte Carlo 
Lechmqucs Will soon become more commonplace tn OIher 
arenas of SOCIal SCIl'llCe, lbkker, van Dljk. Hnd WlCherts 
(2012) explored how researchers have found StaLlstlCally slg­
nlfTeant results 96% oflhe lime. when on the surface Ihere 
IS InsufliClenl staLlstlcal power to suppon rejectlll!! thc null 
hypolhests at such a hIgh rale. Generaltng data for multiple 
studIes und("T varylttg cffect SIZeS, &1mple SIZts, and rt'SeaTch 
pmcttccs (analyztng more Ihan one "Jnablc. scquenltal test­
ing, ~phtllttg stud,t'S, and remov'"g out l'l'fsj, these rc;;carch­
ers found Ihat true type I error rate m(lY be as htgh as 0.40 
us,"!.! such practICes and may expla," why 96% of stud lcs 
repon slgm!icant rcsults, 

UIef DUfU CUl'fllre 

Trad,tIOnal meLhods of rescarch tn the educatIOnal SCIences, 
such as ~h l nk -aloud proLocols. tnK'TVICWS. surveys. and obser­
vaLlons. rely on second-hand or indorcet data. Technology IS 
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Increasingly providing opponumtles for rcscarchcrs 10 col­
lect flrsl -hand data from partlClpanls. For example. a lool ltke 
Mome allows rcscan,:hl,.s 10 simuitanwusly record screro 
caplures. audio and vtdeo data (lyptea lly of users Interact­
mg with Ihe sySlem), and mou.sc and keyboard clicks. Mome 
also has built·in analyses that detect patterns ttl the masstve 
!lmoums of data lh!ll such recordings C!ln g~'Tlemle. 

The chullroge wtlh dm3 gencrnted from seamlcssl y record­
tng partiCipants' ml~ ... actlon' with systems IS that. even when 
bUlll-tn analyses detect pallerns tn the masst,,("" amounl of 
dma captured. rl-searchers must decipher whal such panl"fnS 
mean. 11 IS one thmg to know thm at a panicular momrot tn 
limc a user clicked on a panicular portion of the screen: II tS 
anOlher mailer complClcly Ii) figure Out why the user did so 
and what that imcrnctlon means. More research tS nceded to 
help uncover paltlTn' III the d313 and a><:.nbc meamng to dala . 

J:)'e-Trocking [Jut« 

One type of user dma capture. eye-tracktng dma. IS particu­
larly nOI~"V.'onhy . The prCVlously mentlont:d fonns of uscr 
data caplure all record wh31 parllclpants do where they 
click. what Ihey say. and what they are domg. By record ­
Ing Ih("" movements of the human eye. resemchers em! gain 
Insight Into what partICipants p~y altenlion to. whl'1hl'T or 
not that utltnt,on IS bncf or cxtendl"tl. and what may be 
Intercstlng to P.lrtlClpantS (Duchowskl . 2(07). For exam­
ple. GaleslC. Tourangeau. Coupcr. and Conrad (2008) used 
cyc-tT3ckltlll data to investigate possible causes for rcspons("" 
order effl"Cts (I.e .. that sunil"y responSl,:S tend to be skewed 
In favor of responscs presented earlier 111 the list of chOICes). 
Thl"y found Ihat parllCipants often ta~e cogmtlve ,;hort~uts. 
The most s.111C111 of tltes("" IS that partiCipants lend to devote 
more attention 10 carlier chOICes and less (somC1lmes none) 
to latcr chOICes. 

The COSI of procedures tor eye tracklllg IS conslstenlly 
decl ining. Inc.Teasing access of thesc data to re~rchers_ ThiS 
newfound access to eye-tracking data has fueled the devel­
opment of new analy~IS tools and. In many ~a'l"s, add-ons 
to CXIStlllg data analysis tools. For e.~amplc, MOrlle otll,-s sev­
cml plullms and CJ[tt"fl~ion s 10 scamlcssly mtegnlte ~"yc-tmc~mg 
data with key-Ioggmg dma. allOWing for researchers to syn­
chronl~e partiCipants' actions wllh Ihe lr perception, (A lves. 
Pagano. & da Si lva. 2010). 

Video Vala 

DT3mattc changes In afford3blllty. avmlability. storage. and 
quality of vidl"O ha"e k-d rescarchers to routinely usc It as 
research data. Tools such as Transannll. Morae. DIVER. and 
ATLAS have been dcvcloped to help researchcrs organize. 
code. analyze. and conne"<-·t Video data 10 other data (c.g .• 
lT3nscnptS. Interviews. qualitat ,,'e analyses) . 

The new affordanct"S that vldN data (lffer to rt"SCarch­
ers bnng new challengcs. Derry et al. (2010) tdenllfi ed four 
challenges H) rescarchl"TS uSIIlg vldet! data: (a) how to selecr 
spcci!ic clements to focus study on within complex set­
lings or large corpuses of vldoo; (b) chOOSing what analytiC 

framt"V.'orks to glilde the anll("si,~ (If vldw: (c) chOOSing the 
appropnate r('chn%gy 10 orgamze. slore. and analyze the 
Videa: and (d) adhermg t(l appropnall' erhies In,'olvlng con­
sent and use of video d~w while at Ihe SOlmc tlmc promolmg 
,harmg and collaboration. 

Dllta/rom Social Net ... orks 

Onhne socl3l nC1works present a number of novel types of 
data available to resc~rchcrs. These ",clude the "network" or 
commumty Ilscl f as a represent3t1(ln of eonnl-ctlons bctwCt.'Tl 
IIIdlVldu3ls. which can be depicted as a network graph sum­
manzlIlg the "dcgrl"C'S of S<.-pamtlon·· b~"'lween pl"Ople In a 
communny. Types of data a,'allable from these networks 
lIlelud~ the eontl"flt of thc Intl'TaCtlon (their messages or pho­
tos) and SOCial tagging (short desenptlons or slgn lfiers of 
content) thai occurs (Aggarwal. 2011). Other types of data 
Ihal em,"gc from SOCial networks Include replIl<lIion sys­
tems, badge systems, and ",jlllence sc"res. These measur~'S 

capture and reward useful USt,. behaVIor- such as complet­
IIIg a task. hclplllg others. and so on. Clearly these "rcward" 
structures arc Imponant t(l rcsearchers If1 that they prOVide 
mean111gful111formatlon about user bchavlOr and 1111eraetIOns 
(sct: Chapter 25 in thl~ volume). 

An t S> Lurning 

DlgJlal technologies also off~ ... new posslbllilies and oppor­
tunltK"S for the assc-ssment of learnlllg. pnmanly throuSh 
the design of new assessment tasks as " 'ell as the powcr of 
large-scale asse;\sment through automated sconng. Imme­
diale reponing. and Improved fcedb.1Ck . One fundamental 
challl"flge. howev~r. faCl"tl by all aSSl"\ismenttcchmqucs (me­
specllve of the usc of technology) IS maklllg the asscssmem 
lasks valid and reliable. even whlle maklllg th"m aml"flable 
10 computational analYSIS. For IIlstance. computcrs arc good 
at C\'3IUallllg responS<.'S to lightly constrained queslions. such 
as muhlple-chOlce questIOns. and less dl"c:ct,ve when e\"alu­
atlng open-ended. constructed rcsponses. such os Ihe tradi­
lional c;;.<;ay . Though thc nature (If muhiple-chmce questIOns 
does flOl preclude the measuremenl ofhighcr-order Ihlnking 
,kills. there IS a general belief th"t ,uch eonstmmcd qUl"S­
tlons tYPically focus on mc.1suring lower-order skills. The 
demand for a1tl"mat lve asscssrnl"I1IS comcs from both a skep­
tiCIsm toward multiple-chOIce assessmenls as well as the 
puem towards more .lulhl"flllC. perfonnance-baS<.-d asses-v­
ments {sec Chapter 29. thiS "olume}. 

Scalise and Gifford (2006) Offl"fl"tl a laxonomy that may 
be us(""ful m compult"f-based assessmcnt consisting of 28 
lIem types " based on 7 calegones of ordering invo lVing suc­
ces" "ely decrt~Jslng rcspons("" con>lramts from fully seketed 
10 fully constructed:' (p. 3). At the most constrained end 
of the spC\."trum are multlpk-ehOlce que,tlons. while at th~ 
other end arc assessment types that seck to measure stu­
dent performance undl"f SImulated or real conditions. The 
five 1I11cnned131e eategortes f.1 \1 along thiS dimenSion and 
are claSSified us: (a) sclC\."tlon/ldentlflcntlon: (b) rl"Ordermgl 
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rearrangement: (e) substitution/correction: (d) completion: 
and (c) constmctlon types . They also suggest Ihat thc 28 
typ~"S of a~SCSSml'Tll they dcscnbe wnhln these sc,'en broad 
calegones arc not necessanly comprehenSive m thai a vflnety 
of{)lh~-r ilem formats can be dl"Slgnl"tl by comblllmS some of 
the types listed or through Inc ludmg new medta tormatS such 
as \,ld~'O. audIO. ~nd IIItl,-aCtlvc gmphlC~ (e.g. ammahon~ or 
simulatIOns). Two areas (from opposite ends orthe eonstmillt 
spCCtnlrn) thm have received Significant attention arc com­
pUlCr-adaplive tCSI tng (CAT) and automated text analYSIS. 

CumpUler-udapli\"e TOling 

CAT IS the computer-based eX!("flSion of the adaptive teslmg 
staned wtt h BIIIC1 tn 1905 (lmacre. 2000). The il'rm encom­
pass~'S a WIde mngeofa;;SC<;$ment approaehl'S adminIstered on 
a compuler. where Ihe test diflicul1y IS adoptively targeted to 
match the profiCiency of the tCS1taker If1 order to prOVide the 
best ami mo.1 (""mclenl assessmenl of flbll nies ( luecht. 2(05). 
Be/Jmd the scenes, Ilem responsc theory ( I R T) IS lyplCally used 
to Judge the rclaJi\'e dlfl'iculty of It ems. sclC\."t Ihe next ttems 
for lest lakers to receIVe. and l'qllate It,'ms across test lakers. 

As CAT approaches become m<"lTC commonplace. espc­
Clolly tn the contcxt of high-stakes te,tlng. Ihere are Impli­
cations for educa(umal psychologists. CAT apprnachc-s arc 
generally conSidered to be more accurale asscssments of 
5J,,1I (Thls-<;en & Mlslcvy. 2000) bUlat the same time do not 
produce tests that can be smelly equated across tcst takers. 
CAT approao:hes offer poSSibilities for fast or Immedmte test 
results for tCSt takers and can easily seal("" up to large par­
tICipant pools, Developlllg Ihe test, howcver. can bc 3 tlme_ 
consummg and costly rndcavor as CA T approac,hes require th("" 
dl"\'elopml'l1t of many more lIems that reqUIre large amounts 
of pilot data to be properly cqllllted usmg IRT models_ 

A ",umuted T ('XI Allulysis 

AutOm.1K-d essay ~'valual")I1. whIch IS dl'nn-d from aul0-
mated essay >corlllg. IS the "process of evaluating and 
sconng wnlll"fl prose v13 computer programs" (Shl"fmIS & 
Burstein. 2003. p. 7). The approach uses advances 111 natural 
language processillg. applied mathematiCS. maehille learn­
mg. and computational ItngulstlCS 10 ana lyze syntax. word 
usage. discourse stmcture. und higher-level meanlllg such 
as thematiC analySIS. For example. latent semantic analySIS 
(LSA) IS an early approach that pcrfonned stalisllcal com­
pulations on thc slmllaTity of all the mcanll1gs 111 a large 
te.~ t. which was then used to approximate WTllll1g coher­
'-"flee and the quantlly and quality of the wTltcr's knowh_-d ge 
(Landauer. Foltz. & Laham. 1998). More recent and sophls­
tleatl-d approaches IIIdude thc E-Rliler syst~m employl"tl by 
the Educational Testlllg ServlCc 111 many of ItS lugh-stakcs 
te;;!s: C"h-Melrix (Gmc,ser. McNamara, & KulikoWlCh, 
20 II J. whtch proVides mult tple-I(""vcl mdlces of text coher­
l"flCC: Bnd UghiS/OE (Mayfield & Rose. 2013). whIch pro­
Vides open-source machine learning soflwl\r("" customllabl("" 
to many dl !Termt cv~lualion pnrposes. These more advanced 

approaches ml"fge combinations of lSA. fcatur("" extraction 
(word occurrences, word dyads and tTtads. parts of speech). 
maehme learning to tT3111 undcrlyll1g models. and multi-level 
cvaluatlon. For example. Co/t-Melrix can generate over 100 
md,ces (fe~tures) from a g"'en text, whIch are 111 lurn used 
m fonnulae to compute various metrics of tC.~t coherence. 
which some rc~earchers have used to make dlTl"CIJudgments 
about the quality ofwnl1en text s. 

The growmg popubrny of such approaches has Impor­
tant Impl Icallons for educational psychologists. On one hand. 
thl"fe are clear-cut advantages In terms of emc l ~"flt dma anal ­
yses that arc increaSingly bccommg as rehable as (and less 
opaque th~n ) human raters (Shermls & [lurslelll. 2013). On 
the other hand. therc me legitimate concerns about an undue 
emphaSIS on producl over process. a focus on the wrong 
qualities of wntlng (c_g .. Its function as cxpres~lon). and a 
phIlosophIcal concern aboul the eqUivalence between how 
human r:lt~"TS and maehllle rmers ma~e judgments_ 

Analylt [>Mta 

Data m educalional psychology arc otlen used In two ways 
thm need to be carefully dclln(""med (Behrens & Smith. 
1996). Bchrens and Smil h call the tirst level the "data of 
phrnomena"~thc rt'\:ordln~s of sense experlCl1ces that mc then 
transformed IIItO a second represenwtlOnal Icvel. the "data of 
the analysIs." The data <1f analYSIS comiiSi of r('(:ords of expc­
rience. whICh may Itlc lude field notes. survey responses. Video 
recordlllgs. sotlware usage~haraClenSllCS. and tally marks thm 
count panlcular user behaviors. l(l quanlllative analysts. the 
rccordlllg of expenence emph3Sl~es me3SlIreml"l1t and pre­
etSlon while qualitatlvc analYSIS emphaSIZes mlcrpretatlon. 
The gwl In both cases IS to rooltce large amounts of dala to 
representations that arc comprehensible. allOWing researchl"fS 
to develop a deeper Itnderswnd tng of Ihe oTlglllal ph~'!1omena 
under study_ B<1th approaches rcqlllr("" navl~atlllg and mamg­
tng B sertes of tradeoffs between the precision and nchncss 
of dC\iCTlp"on and the validity of the IIIferl"flCCS we can make 
from Ihe data and subsequent analysis. 

Quulllilatil"(! A nulysis 

A powerful Impetus for new approaches to quantlwlI\'e data 
analYSIS and reprcsentatlon has come from the world of bUSI ­
ness and commerce. which IS focused OIlUSll1g large dmuscts 
and user-generated data to improve deciSion makmg. man­
agt-rial pradl~es. and quality control processes_ EX!lmplcs 
Include the recommendalion englllcs of Amazon. Netfll x. 
I TlInc~. Googlc, and Faccbook, which proVide uS\.-rs WIth lar­
geted ad"erl1sements based upon past behaVIor. 

ACC(lrdlllgly, 1I IS nOt surpn~lIIg that the use of stud~"flt 
data for educalional Improvement has also seen Itlcreased 
prom1l1ence 111 l-dlicanon. learners arc IIIcreaslngly leav-
1I1g bchmd sophisticated and dl1311ed (foces of their actions 
as they work 111 technologICally me_hated enVironments. a 
fonn of big data then a\"allab le to rouC<l1lonal psychologlst~. 
Moreover. educallonal polICies. such as Race 10 the Top and 
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No Chtld Lea Be-hond, hav~ added pWiSurC to the need to 
coltect and analyze largc amounts of student data. 

T lXhnology has moucnced how qu~ntl tat,ve data analyses 
are conducted. At a roSIC level. stall.ttcal analysIs packages 
that off~"T ~omprehcnSlve tools for computing dcsenptlve 
statlslles, hypothcsIs tcstong. and dmwong mfercnttal conelu­
sI<.>ns have made Stahstlcal ana!y~l"s mcreasmgly as~~"Ssable, 
user froendly. eommonplacc. and powerful. Thcse mclude 
smndard StatlstKal analySIS packages (~lKh as SI'SS. SAS, 
and R) as well as some more SPlXtalt Zed packages. such as 
LlSRE L, whKh IS used for confinnatory factor analySIS and 
structuml equation modelmg. 

One of the most Important areas where computattona! 
power has chanl:lcd educational research I;; In the area of data 
mining and vlsuall1.lllton. Dum min"'g is the process of exam­
mlng large set, ()f data wnh multiple vartahles to uncovcr 
trends and p.1tterns. These data-mmlng techniques can be 
c()mhtned w.th the capabllitlCS of dlgltaltechnolog'l"S to r~ll­
resent and present data m roch, VIsual . and Intulllvely recog­
nl7,.able formats, Standard statistical packages. such as Excel 
and SPSS. have ",crc.1slngly powerful tools for data rl1'­
rescnlatlon. Bcyond thiS. there arc other software programs. 
such as the interactive environment for data analys.s and vlS­
uah7.atton MATLAB. the computational knowledge ettgtne 
Wolfram Alpha. and the algebrme ~nd symbolic millhem~t­
ks package Mathemattca. that specia lize m Ihe constructton 
and display of ~ompkx and S()ph"t ,,;ated graphical d,splays . 
As Kilelek and Chrostensen (20 14) wrotc. ··the dlSltllcliOn 
b~'lwcen analySIs. modehng. and display tool. IS bcgmntng 
to blur as ·math P.1ckagCS· arc bemg routonely employed to 
produce degant summarlCS and Visual displays of ftndlngs 
from trndnlonal research·· (p. 219). Free web-hased sollwarc 
~pphci!tt ons. such as Google FUSion T~bl es and Many Eyes 
from IBM. allow researchers to upload large datascts and 
dIsplay Ihe data m multtple formats. such as gmphs. maps, 
Ink'l1s,ty maps, Llmellnes. and story loncs. 

Qlluliluril'e DUlu A "ulr,·i,· 

Qualltat"·e research has gcncr.tlly bcen delinl'd as '·any ktnd 
of research that produces fmdongs not arm'ed at by means 
of Stat,stlCal procc<lures or olhl"f means of quanttficatlon·· 
(Strnuss & Corbtn. 1990. p. 17). Thus. qualitative rcscarch­
ers reqUire technologies thaI assist In gathering and codtng 
data to uncover phenomcrm and make mc.1mng through 
analyztng patterns m stoTles. common Ideas. and emergent 
themes . Organization and tnterpretatlon arc Imponant fun­
damentals of thiS ,,·ork. and new technolog Ies can assIst wtlh 
this (Anfam. Brown, & Manglune, 2001; Crl"Swell, 1998). 
While the foundattonal clements of quaillam·e research-<h< 
liUld , ng prmcI plcs. deK"Tl'Tllllams of reltabi llty. vahdny, and 
so forth- remmn to place. new technologies ha~e shifted 
aspectS ofmclhodology, and m S()me ways have changl'd Ihe 
way we "sec·· or Interpret quaillative data ( Brown. 2002). 

Dlgtlahzed quahtaH ve procCSS<."S allow researchl"fS to store 
and access a vaTlety of types of quahtatlvc data. tncludlng 
text. audIO. Video. and graphICS files, One of the most roSIC 

and cntttal newer uses of tcehnolosy Involvcs the use of dIS­
ltal audIO or VIdeo recordlllg for field studies or tntCTVICW 
sess.ons, AI a surfacc levd. such Ih~l tal rceordlngs arc a way 
to prCSC1"\·e a clearer rceord of events and convcrsattons. bu t. 
m another Irvd. digital rccordmgs afford new ways of think-
109 about how analYSIS develops out of the data and how data 
>upport It (G.bbs, Frtcse, & Mangabelm. 2002). 

Educational researchers can now attend to small-seale 
and dl'1all-ortcnted content In teachlllg and leamlllg SCl'l1ar­
lOS such as elmmctenst,cs of speech. mo~ements. or body 
lan~uage (see Chapler 28 In thiS volume), Examtnattons 
of such locused mlnut,ae can be undertaken qUICkly. put· 
ling tncreased analyltcal power to work on observed data. 
Wlnle digital me<ha has allowed rcsearchers to home m on 
visual and audIO data at a smaller seale. II has also opened 
up posslb.litl~"S for much lar~cr-Sl'alc studlcs b~'I;ause mull!­
pic researchers and analysts can connect and col labomte via 
qualttm,,·c codmg software. 

Computer-assisted qualitative data analYSIS sot\ware 
(CAQDAS), stich as NV,vo. AtlaS.H. or HyperRESEARCH. 
makes the core processes of organlltng and codtng data 
from obscrvaltons. Int~n'ICWS. tlc!d research. or cthnOI:J1l ­
phy casler and more efftclcot (Lewlns & Silver. 1009). By 
facl litattng organtzalton and cntegorwHlon of data. stich pro­
grams facilItate the proccss of meanlllg making ( Fielding & 
Lee. 2002), One of the common c.~peTlences of qualitative 
rt'SCarch has always been the challengc of careful and com· 
plex management of lar~e amounts of texts. codes. melnos. 
fi eld nOtCS, and obSC1"\·allons (Mou:itakas. 1994). CAQDAS 
options allow lor grc.1ter eflk lency and consIstency III sys· 
temallC data manag~mcnt. 

Such sollware progmms tYPIcally provtde oexlhle code 
trl'CS (or code books), whICh al!ow for a more SOpltlSltC:Hed 
catcgonlal Ion and !llcrcased casc of complex data searches. 
A mnge of group codes. IIld,VldllPI codes. and subcodcs can 
allvw new and unique visuahzatlons of the thtmcs w,th," 
a study for a specIfic look at thc bu ilding blocks of the 
study. ThiS allows the coding proccss----a foundat,onal pro­
cess In qllahtall ve work-to be nm only more systematic m 
approachtng data hut also morc dynamiC and respons"·e to 
emergent Interpretallons. 

As noted. many CAQDAS progmms today offl"f eod­
mg and organtzatlonal Ilochnlques for worktng wllh VIdeo 
and more tmdilional te~t andlor aUdiO tmnsenptlon. 1)lgllal 
video has umque properties that allow rl~archl"s LO capture. 
observe. and reobserve complex phenomena Visually and 
then code or notate behaVIor;;. themes. comments, or any­
thm~ else of 'ntercst (SPICTS. 2004). Such anordanccs can 
hnng the tmd.\!I)!lal themahe orgallizahon of '1uahtallve 
work to VIdeo data and allow researchers to mcorporate vtdeo 
vlgnCltCil--anmher powerful addition to the story-telling tn.­
di tlOn of qualitatl ve research (Creswell. 1998; Patton. 2002). 

I>cnlop T hrorie! 

The development of sound. predICtable. data-drwco theo­
rIes IS paramoulll to the conduct of research In cduealtonal 
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psychology. Thrones proVide us w.Lh concepts. tenm­
nologles. and claSSlficalton schemcs to dcscnbe phenom­
ena accumtely, h'ghlightlllg relevant ,ssucs and Ignonng 
Irrelevanl ones. Theortcs also allow us to make tnferences 
and prc<ltCt the consequcnce;; of an IIltervtnUOn or change. 
Fmally. theones hal·e a pmgmatlc function. tnfonnmg how 
we can apply .deas tv the real world by helptng u~ dl"Slgn 
beller learnmg contexts and systems and by bndgm~ the gap 
bl'lWel"ll descnptlon and deSign. 

DigItal ttochnologles havc eh~nged the phenomena being 
studlc<l. the kinds of data th~t can be collectc<l (wh 'ch ground 
the theory-making proccss). and the dat3 analyscs that arc 
poSSIble. Altogether. these changes III phenomena. data. and 
analyses have resulted In strong testS of theones n01 POSSI­
ble before, Theory gencmtion. howe,·er. remainS outSide 
the seopt" of even the most tntelhgent ~omput~"f programs. 
That said. technology and theory building have mtcmcled 
tn thrl"C Slgmflcant ""'ys. Fm;t, educational d~~lgn -rosed 

research (EDBR) methodologIes ha~e allowed rescarehers 
to study the Cfll'CtS of technolO~lcal ,ml-rvCIlllons m ~xlu ­

caltonal scttlngs Iteratively. Seeond. tcchnologtcal contexLS 
have prOVided testing grounds for the boundary COndlllOnS of 
psychologtCallheoncs and Idcas. whtch have typically been 
based on stmlies conducted III face-to-face contilllons. Third. 
the fiSC of·"b'g data·· has pelt'l1tial Imp;h:ts for the role of 
theory in educallonal psychology. 

t:;dlleUfioliaI IJesign-Hasl!d Reseurch 

EDBR IS a type of rcsearch methodology to whtch educa­
Ilonal tntcrv~ntlons me conCllltualized and thl'l1 .mple­
mented IIlT.lttVely tn natuml setUngs to both lest the valIdIty 
of eXlsttng th~"Ones and gl'l1emtc new theones for concep­
tualtllng learnmg. IIlstruc,tlon. deSIgn proc.csscs. and educa­
ti ona l reform. A more detaIled descroplton of EDBR (and tiS 

vanatlons) can be found m Chapt~"T 1 trt thlS volume. Our 
emphaSIS here IS on two key aspects of EDBR_ The first IS 
an emphaSIS on the development ofth(."<)Ty and Lhe second IS 
lhat many EDBR studIes have focused on mnovalton dnven 
by t~"Chnology. 

One of the mam goals of EDBR IS the developmettt of 
theory-to nOt on ly use theory to prOVide a mttonale for the 
tOtervetllton or to mterpret flndtngs hut also help ·'develop 
a class of thcones about both the process of leamtng and 
the means that arc designed to suppon lcammg·· (Cobb. 
Con frey. dlSessa. Lehrer. & Schauble. 2003. p. 9). Also. 
though EDBR docs not nloccs",an ly reqUlrt thc use of tcch­
nology. tl IS frequently dnl'en by the urge to 'ntegrate new 
p~ycholoSlcal conceptions w.th llochnolOSleal peS.",blhtlcs. 
An example of EDBR and the tWtn emphaSIS on theory gen­
~"fatton and technology-related t"OntcxlS can be SCl"ll m the 
de\'elopment of the Teehnologlcal PedagogICal Content 
Knowl~xlgc (TPACK ) framcwori. ThIs framework exph­
rates the knowledge teachers need to know In order to tc.1ch 
effccltvcly wtth technology by extending Shulrmn's (1986) 
idea of pedagogICal content knowledgc to Include llochnolOg­
ICal knowledge (Mlshra & Koehler. 2006). Th,s framework 
eml"Tgcd from over seven years of multiple studlcs mmed at 

undL"fstandlng the development of teachers· knowledge for 
eftoctlve technology tntcgrntton whIle SImultaneously help­
m~ teach~1"s (through eourscs. workshops. and other mtcr­
vcntlOns) to develop thetT teaching wtth technology. Ovcmll. 
Ihls work led to a numl'ler of smalll"T Stud.es (or E DBR ""lttr­
allons··) and publicallons thm stood on their own as ... ell as 
a largl"f framcwork (Mlshm & Koehk"f. 2006) that emerged 
through syntheslzm~ across the itcmltons. 

T ec/lll%gicul COI/II!.X''< liS Pro,.illing HOllllllury 
Conditiunl' 

Most long-standmg psychologIcal theoTies-such as thcoTies 
of tmnsfer. ntOlivatlon. and mmdfulnc,s-werc dcveloped 
based on research conducted In traditIonal face-to-face st!­
uatlons. Nl·W tl"ChnolOli'l"S provldc nl·w contexts for study­
mg human interaction and can serve as Imponant tests of the 
boundary conditions under wh.ch such thL"<)ncs can succclxl 
or fall. As Walther (2009) argues, "Boundanes arc bcmg 
fOIStl'd upon us by technologICal developmcnts thut may 
limn (or maybc revIse) the scope of our extant theoretical 
frameworks. Th"fe are Imphctl boundaflCS lhut have always 
been there but whIch we have Ignored. misapprchendlx!. or 
fai led to investtgatc·· (p , 750). At the hean of the Issue IS the 
qUl"Stlon of fldehty of reprcst'l1tatlon or the concsfl'<.'ndcncc 
bel ween the vmual and the phYSical world and our psycho­
logical re;;ponses to these d, ff~"fcnccs. 

For c.xample. conSIder how studlcs tn human computer 
'llll"TaCllon ;;how that people often treat computer respond· 
cnts Just as they treat humans. The computers as socmlactors 
(CASA) paradIgm argues thaI pt."Ople may unconse lously per­
ce�ve Interacllve medIa as I'lctng ""intentIOnal SOCial agents·· 
Bnd read personalitY. behefs. and altt!udes Into them; more 
.mportantly. the CASA p."lfadlgm argucs that people Oftl'l1 act 
on these percepltons. There is a slrong body of empirICal evi­
dencc to ~uppon this position: People arc pohte \0 machmes 
(Nass. Moon. & Carney. 1999). read gender and pt:rsonal­
itles Into maehm~'S (Nas;;. Moon, & Gr~cn, 1997), arc Hat­
tered by machmes (Fogg & Nass. 1997). trcat machines as 
tcam matcs (Nasi<. Fogg. & Moon, 1996), and gct angry and 
punIsh them (FerdIg & Mishra_ 2004). Technology. how­
"·l"f. also IIlUSlmtcs the boundary conditIons under wh.ch 
such attnhutlons fatl. For ,"stancc. Mlshm (2006) found that 
partlC' pants respond differently to pralS<: and blame feedback 
from eompulcr evaluators than they do from human cvalua­
tors. suggestm~ the need for a more complicated theory of 
interaction. 

00 11'<, Need TI"wri",' ill lir e A~" of Big Dlllu ~ 

The nsc of "biS data" has CaUSl'd some to argue that theo­
nes arc becommg obsolete (e.g,. Anderson. 20(8) and Will 
be replaClx! by lar~e amQlmts of data. powl"fful an~lys~"S. and 
pattern recogntlton . For example. Googlc Tmnslatc works 
not by ··understandlng·· any of the te xts It translates but mth",. 
by tmcking patterns ru:ross:t large corpus of texts In mu lti­
ple languages and aSSOClatt ng Inputs with outputs. ThiS has 
led some eompull"f Sf: ICntli;[S and other rl'SCarchers usmg big 
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dma to argue thm there wIll be no nced for thcory nr models 
of phenomena when we have enough data and panerns to 
process. Although thIs d,;;coursc has not mtered the realm of 
education. 11 may soon do so. Whether or '101 thIs "data del­
uge" bnni!.S about the ~trong ver~lon of "the end ofth('Ory: ' 
educational psychologists cannot Ignore the future Impacts 
of bIg data on thcory bUlldmg. 

Rud. Writ t. f'llhli~ h . and OilS~min . l~ Idru 

The processes of reading. Wrl1ln~ . pubhshmg. and d,,~seml ­

nation have seen mdlcal changes brought about by the advenl 
of new dlgnal and networking tcchnologlcs. FIrst. as mother 
atadtmle dl;;Clpllnes. educmlonal psytholnglsts rc.:Jd and 
survey the field to conceptualize broader frames or perspec­
tIn'S In whIch to Slluate eXlsllng and new rescarch. As has 
becn explal11ed m Ihe scholarshIp on academIc work lI fe (Fry 
& TaiJa. 2007). and as touched on h('!e. t~'(:hnology·dnven 

changes m reading have an overall Impact on the world of 
academia {Palmer & Cr~gl11. 2008 J. 

Rc.1dmg. for example. has becnme mcrc.1smgly on the 
screen (Nanonal Endowment for the Arts. 2007). ThIs move 
towards more onllOc and on·screen rC<lding places "large 
demands on I11dlviduals' Inerocy skills" ( RA ND Readl11g 
Study Group. 2002. p, 4) and rlXjmrcs new litcrucies. 51rill,', 
strategies. dispositilJIIs. and J'UI;-i,,1 practices (COIro. Knobel. 
Lanhhear. & Leu. 2OOS). Surveying the fl d d, too. has becn 
lransformed by new dllPlal and networking technologIes. 
as new databasc~ and Cltallon mdcx~'S (Kousha & Thelwall. 
2007; Meho & Yang. 2007) oller both qualltativc and quan­
tltallve changes to how scholars access pnor research and 
scholarshIp. Such tools can makc II casler to galhcr resourees 
from a wldl"T rclngc of sources and spe~'d up the rJtc at whn:h 
new flOdlOgs can be prescnk'd and shared. Th,s can lead 10 

too much cognlllve load but also to the creallon offresh con­
necllons tn related IOfonnallon or to cItatIons thUI would nOI 
otherWIse have been possib1c. 

SC\'l'!"al Importanl Ihl'ITlt'S also undt'filc ehangl'S 10 thc 
wTlllng. dlSSetl1mation. and publishing processes broughl 
about by the advent of ntow dIgital and n~>(worklOg t~'(:h· 

nologles. The first IS Ihe mol'e towards ope" p"blishilJg. 
prodllcmg and dlslnbUllng data In the "public domam" or 
with Creatlvc Commons (creatlvl'Commons.org) IIccnscs 
that allow public consumpllon and comment through open­
acccss journals or scif-publl;;hlOg. Morc radIcal stIli arc trends 
10 how research IS shared and d,sscmlllated that emphasizes 
soci,,1 schol<lrship. shanng published or IO·progress work 
vIa social media outlets. Such scholarshIp changes research 
dls,~C1I1,"allon roUl~'S. peer rCl'll""'·. and potenllal audlenco:;: 
for work (Greeuhow & Gleason. 2014: Grcenhow. Robella. 
& Hughes. 20(9). A second IOflul'flCe of tl'Chnology has 
been to change Ihc tools available for academIC collabora­
lI\'e wnllng. Today's tl'Chnologles for WtlllOl: can trunsform 
everythmg from project and bIbliographIc organlzallon to the 
nmure and proccss of collaborml vc writIng. A third ,nll uence 
oflechnology has been Ihe fiSC of manuscnpt plalforms thai 
can alter ho'" we reVIew and publish our work. AUlhors now 
submu thclT manuscflpls onime and can lTat,k thc progress 

ofthclt manuscripts throughout Ihe revIew process. Becau${' 
authors. reVIewers. and ednors record and archIve Informa­
lIon wllhlO Iht SamC onime sysll'fll. edllors can track palttms 
10 onlme aC1lvlt les. and Ihese p;lHcms can then be used to 
Improve the Journal" s ovemll revIew and publl,hmg proCl"S', 

Confront Elhiu llssuts 

T~\:hnology mtegrmion IntO l>(iUC3uonal psychologIsts' 
contempomry work prclcllces raIses 3 host of ethIcal ISSUes. 
such as data seclltlly and human subjects lSSU~"S (Moore & 
Ellsworth. 20 14). 

D<IIo S<'l'urity 

In an IOtrC3smgly dIgItal and networked data envlTonment. 
ISSUes of data sccunty have become more prominen t. For 
example. cloud computing IS freq\K'fltly cn~..-J as an appeal~ 

IIIg dma protection opllon because of many obVIOUS affor­
dances~"'se of usc. scalabllny. shareabllny. easy access to 
dma. and built 10 backups. RCSC<lrchcrs' use of eloud storage 
solullons. however. also raIses ethICal concerns aSSOCIated 
wllh entrusllllg thnd-party vendors wllh conflcklllla l subJcct 
data (Newton. 2010). 

Unknowing I'unicipull/s 

Technology has Introduced new ways of automatically 
rl'l'ordmg data aoout people. behavIors. and pat1~'fllS of IOter' 
actIOn Ihat considerably Imp.1cI polentlal partlciP.1ntS 10 a 
researeh study, First. technology has mtrod\lnxl v,deo record-
109 10 many faeels of everyday hfe. IIlcludmg through the 
WIdespread use ofsecurny cam~"Tas. mobile deVICe cameras. 
and webcam~ (KocppeL 2011). St'Cond. peoplc's behaVIOrs 
onlllle arc belllg r!Xorded. both knowingly and un~now­
IOgly. Ihrough thc use of sessIon vanahlcs (cg. "cook ICS"). 
monnonng of behaVIOr on webslles. and studIes of mtcrac­
twns that occur vnhne. All vf this automallcally r~'(:orded 

data has ethical Imphcations for would-be researchers. For 
example. re,carchers studymg mdl\'lduals In SO(:lul nl1work-
109 Sites may Inadvertently occess data from mdlVlduals m 
their panlClpants' network thm th~'Y do nOt ha"e p<-'fTIlISSlon 
to access. Muny studlCS uSIng data from Ihese 311to·recordt-d 
sources arc determIned "IRO-exemp!"' (sec below) because 
Ihc behavIOr IS "publlely observablc" and therefore does not 
requite the consent of any p~rtlClpants m the research. That 
s:lId. the vtry idta of what IS (Of IS not) "pubhcly observable" 
In a networked. connected world IS contenllous and open 10 

~holarly and legal debate. 

III .~/rlIClionol Rnie .. , lJourd (I RB) i sml'S Reluletl tu 

TechnO/II!:)' 

Internel-based research also rmscs complex ISSues eoncern-
109 hum~n subject protccllons. TopIcs such as confidentlaltty. 
recTUllmCllt. and IOformed consent bccom<'eomphcated when 
research IS conducted onllOe. For example. authentlcallon of 
Id~'flilly 10 onlme worlds IS an ISSUC and may IOadwrlenlly 
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lead to conduellO!! rl"Scareh on mmors or vulncrable popu­
lations. Another potential Issue with mternet·based research 
IS thai rlXju~'SllOg conS~'flt should '101 dlsrupl normal group 
aC1lvity: howe'·er. the very act of entering onl ine commu­
nItIes or chat room, to rc-quest consem can be pct\:elvl-d as 
dlsrupll\·e. Flllal ly. cven apparently anonymous dma can be 
mmoo to Id~'f1tlfy Bcographlcalloc3110n. and as data analytlcs 
tools become more IIItelltgent. personal variables (such as 
age and gender ) may be u:><.-d to Id~'flufy p;lnlClp3ntS. 

Conduslnn 

Clearly. the work we do as educallonal psychologIsts has 
changed and wtll continue to tvolve due 10 Iht advcot of new 
t!Xhnologle5. An Important ca"eat. g"'en Ihls rapId rate of 
change, IS that much of what we have wn lten hcre WIll appear 
outdated by Ihe lime thIS volume IS published. Ilotto mentIOn 
five years after ItS publicatIon. What thIS means IS thm we 
have 10 approach all Ihm we have wnl1en WIth ;I enllcal eye 
and al so anempt . evcn while f\Xuslllg on the latest tools and 
techll1qUCS. to keep our focus on key Ideas Ihal WIll stand Ihe 
test of lime. It ,,'as thIS conC~"TT1 with relcvance that led us 
to structure th,s chapler alons Ihe elghl categoncs of work. 
Although the manner In whICh we go about our bUSiness may 
change, Ih('Se elSht categories WIll remmn Important parts of 
what educational psychologisls do . 

Lookmg heyond the eight ealegoncs of work. we empha­
size three key perspectl\'CS on the current Illeralurc on tech­
nology ~nd us specIfic role m what we do as ~>ducallon3l 

psychologlsls. Fltst. among Ihese perspecllVCS IS whal 
Salomon and Almog ( I ~98) calk-d the "recIprocal rclallon­
shIp" bel ween lechnology and educatIOnal psychology: 

T""hnologle~ .nd pre".liing psychologIcal con<:cptlon' of 
l~amlOg. Ihlnk"'g, and m,tructlon have always servw and 
msplTl.'<l each other In ",."p"",al w.y •. On the on" hand. 
technologlcs In education ha,'c served to faCIlitate and rca l_ 
,,~ the kl nds of pedagogIcs that emanatw from the ch.nglng 
lCltgC .. ts and from pre,'. ,l,ng psychologIcal conccptlon,. On 
Ihe other hand. and pos" bly only """cmly. technologlcs h.,'e 
I>ccn Imported Inl" education. challengIng" .nd tcqUIO"l! 

nowl psychologlc>1 "xplanatl"n .nd pedagogIcal Ju.tltica· 
tloo.. (p, 222) 

In other words. Salomon and Almog argue Ihat there IS a 
tmn;;act ional. dIalogIC rdHIIon,hlp bt.1WC<.'fl the psychol­
ogy of icamlOg and thc atTordancL'S and COllstral11ts of 
tl'ChnologICS. where each helps define the other (what they 
have descnbed as "an OllgOl11g dut'!") . Thus thc pedagogI­
cal meanmg of a technology emerges no! Just from thc tool 
(and liS propcrtles) bul mther from IB detp IOlegmllon InlO 
the matrix of subject m(mer. learners. and classroom enVI­
ronments. As Bruce (1997) says. "A technology IS 3 syslem 
of people. texts. artifacts. activit Ies. Ideology. and cullural 
mcanlOgs" (I'. 5). 

The second perspect1\'c hlghltghts the ways 111 whIch tech­
nologIes and theones of mlOd have co· evolved over tIme--­
either 10 IOSlanl1a1C our curretll understandlOBs of lc-anllng or. 

JUSI as Importanlly. to scek modcls for IhlO klOB about think· 
mg. Our understandIng of the human bralO and liS actl\"lIy 
has been conslslenlly I nlluenc·t-d by m~>(aphors of Ihc ('.urrct11 
t~'Chnology . These mclude pncumatlclhydraul ic mctaphors. 
suth as tho~e used hy Galen and Dt.-SC3nl'S, whl'!"em the bram 
was considcred 0 Site tor Ihe mlx1I1g. stormg. and redlrec­
lion nf "'PIntS" throughout the body to det~'mllne behav· 
lor and action. With Ihe Tlse of Ihe Industrml Revo lution. 
new machme ml>(aphor~ came to be used where the bram 
was now conSIdered a complex mechanICal app;lmtus wllh 
levcrs. gears. and pulleys. In the early pan of the twentieth 
century. WIth Ihe nsc of telephonc networks. the bmlO camt 
to be seen as a switchboard with IOputS. outputs. and SIgnals. 
More recent ly. Ihc advent ofthc dlgllal computcr led to the 
bmm bemg vIewed as a deVIce for informauon processmg. 
The advcot oflhe mlC1l1et has p;lmlteled VISiOnS of the bralO 
as bemg a nctworked computcr. 

The thud pcrspl'(:lIve IIlumlOates how ll'ChnologIC~ pro­
VIde Importa111 "boundary condItions" to ICSI educational and 
psycho!oglcal theones. ThIs Involv~":; provldmg; new meth­
odologlcs and new sources of dala to lest our theoTles as well 
as prOVIdIng new tools to develop theory and to share our 
work with others. Tcchnology can elso provtde novel peda­
gogICal opportumllcs that olTer a new "lOne of poSSIbI lity" 
(Kcrdulk. Mlshra. Fahnne. & Terry. 2013. p. 12S) beyond 
our current psychologtcal understandmgs. explanations. 
and just l ficutlons. Because tcrhnolOBics develop so rapIdly. 
often outpacing developmenls of our psychologIcal coneep· 
liOns. ll'Chnology l,an pose Imporlant conceptual and thl'O· 
rellcal challenllcs lor educallOnal psychologists. Suddenly. 
old and part ly dormant Issues. such as tr~nsfcr. l111enllon­
allly. and ml11dfu lness. call be hroughl agam to the forc­
front as we develop novel concepllons and unden;tandl11g5 
of human behaVIor. IcamlOg. and IOstruclIon (Salomon & 
Almog. 1998). 

These arc truly exc" 109 limes for tducatlon- IO largc p;ln 
dIstinguIshed by rapId changes 10 t!Xhnology that arc chang-
109 almost all aspl'Cts of our profcs,slOnal lin'S as edul,alOrs 
and educatIOnal scholars. We bel ie\'e Ihm this ongomg duet 
will continue IOtO Ihc futurc. 

No te 

\. TO. ou\ho .. ,,'oold 1.1ce 10 'hank Sp¢.'"" G"",nh.lgh. 1>1. Danah 
H~nllb<n. 0.-.. \llei><:lIc Hogerm.n. Rohll ~teh .... <><1 Jo.hu. Ro",ni><:'l! 
for Ihc,. •• m""". ,n .in'In~ Ihl> eh.p'''' 

An.",·.I, C. C. (Ed.f. pOI I). s..:-I~I " ...... "'* ik.III anal),lie • . '\OW Yorl<. 
I'N: Spnns",· 

AI,·,,", F" rag'''''' A .• &:~. SII"_. 1.12010). An ..... ".,,,,,,,,,,, on Iro";I.to"· 
eosnlUI< ..,""ily' M<thOOoIoSle.1 I....., In "'" combIned use of eye 
lrocklng. key Ioggmg.OO ""ro>p«"w prolOC<ll .. Cop<'"!wg.'" StuJ,,,, 
!~ IAnK"~. PI. 261-291. 

A""".-.on, A. r .• &: 1I .. ·cl,<f. D. (2011). A."oo S'''''' ploy.s. 1001 10 
onho"". p<1,,~"on. oltenllo •• <><1 <OIlnmon. In S. T ob, •• &: D. 1I .. ·~I«r 

tEd .. ). C_pu,er lI","e.$ and ''''''''''''W" (P!', 307-330). C~"I~"., NC 
InformatIon Age Pubh,hlnB. 



The Work of EducoHonal r5ycholo~lS!s 

Ar><kn.on. C. (100M), Tho <0<1 of .h<o,), : Til<: d>!> ~oIU3¢ m.~< •• h< ",i ­
<otif .. m<,1>od """,I., •. 11",,,"11 M"~i.~. 1"- 7j, 1I.'n<'o·«I from hl!p ~/ 
• r< h, "e , w, red.eom/ •• ,e •• o! d, >conn.'" m.~ . .. "0116·0 71p b _ , h«>ry 
(o<c<,,"'<l r o:b,wuy I ij. 20 I $). 

Anf ..... V. A .• I, .. II", ... ' • • K. M .. &. M.oS",. •• T. L. (2002), Quol,I>.'1"< 
. 0,ly'" o. ,"S,: M.k,"¥ ,,", ",,,,,.,,h pro« .. mo~ pubhc. Edu .... ,,,,,,aI 
R""""""h,,,", J I( 7). 2 ~-lX. 

1I • • • e,. M .. n o I>tJk, A .. &. W,c ",," •• J. M. (2012). The rule. of ,be ga",e 

c.Il«l I"IC""loglcol ""'.""C. 1',."""""."" "" I'>}dwll>gicul Sdrn,' •• T. 
S4J_S5oI. 

lIatroo. II. 1 2(06). 10' ... ,' .0<1 .. If·.ml>ln<<I I .. mlog .. c ... lpl< of d<,·<I· 

op~.!: A I""m,"~ «olo¥y per>p«''''<. "'".u" Deo·d''f,,"~nI. 19. 
19J_2N . 

Boh", ••. I. T" & Sm ith, M. L. (1996). 0. ... 00 d, .. . ""1)" .... In D. C. 
Ro,h ... , & R. C. C.lf~ IEJq. II""JI>o<';' ul.,J",,,.,,,,,,,,,1 p-'J'(Ohol"l:)' 

(pp. 9#-9891, Nc .... York: M><mIU ... 
S ..... nrpny •• V .. &. P,.Yd. V, K, (:!(J II), Wo:b co"l<n' mlnrn~ ,00/" A 

com".,."". stooy. 'n,,,,",,,,,,,,al ),,,,,,,,,1 "f I"fi""'''';'''' T«h"'>lugo' 

a",1 h"".-ie.lg,dlan"K'-"I''''''' ~I I ). 21 1-21 S. 
boyd. d .• &. C ...... ford. C. (20 11). SLt pro"'''''''on. for b,~ d ..... In 

fl. Du 'ton. II. Loader. V. N .. h • .It fl. Wellman. A okt:aJe In 1m."."., 

I/",r S.""'I~"'"'" ". ,/w Jyn","i<'l of'~~ In'~ml'l u.,s ."""ety, .'><7~,.,,1w 
201/, Symp""um <ooo..."eJ ., ,to.- m<'C'in~ Qf ,I>< O., fol1l In'm",' 
In>~ .. "'. Oxfom, EngLoo<l. UK, 

~ .-. • . ,f\),,1. I. D .. II mwo . A. L. &. C"" kl "g. R. R. 1 E~,.), (201!0 I, II".' "'" ~,/~ 
/"",n 8",,~, ,.i"J, r.t'f'<Y!,,"re. u<tll sc/.,,"I, \\-'o,h ,.gton. DC: N"lOo.1 
Ac.dcmyP ...... 

R","n. !). (2002). Go,ng d'~'",1 . "" '''Y'ng qu. I,"",,'", S(j"~ . 1""00_ 
",'e """.R'"' f'" d,&ot"'oS ,tt., qu. """". ,"",.n:h pro".,. •. F"", .. 

Ql<ul""'i '" s,)("ia/ R"" .... rl"b. J( 2/. R., n<' eJ from h,lp;! / ...... '" .quo l " .. " .•• 
r<,;eorch."",",nd<>.phpJfq.tio<l", (><",,»«1 13 Febru.ry. 20 IS), 

Bruce. fl. C. (1997). T<!.:b",>lug.' In mcim procri'" R,·)","I"I: ,,, I).."." ... 

(''''IT/NiI", 'f 1"""""1:. P,per p",,,,. '«1 0' ,I>< NSF/ARlJSI (NA B) 
woruhop. Alex.ndn .. VA. 

CI.rte. L Ded< , c.. Ke", lhut, I), J .. " N.I",n. fl. 0(06). A dc .. sn.b. oed 
",,,,,,,,h ", ... t<gy to pl,,,.,,t< ",. Iob,,,,y fm """,aI,oo,1 In"'''·'''On'. 
E,sUCtl"".",1 T«hrtol"IC . 46(1). !7- J6.. 

Cobb. P .. Conf .. y, I .. ~I s.. ... A .. Leh rer. II .. &. Sch.ub l<. L. (2001), o.".,gn 
.. ".,... .... n .. ' n «I"<oUOO'1 ", •• "",h. E<irJcali<)",,1 R",oort:Joer. 310 ). 
9-(3, 

COIro. I .. Knobel. M .. l.o .. h . ... C .. &. La!. D. 1200~i. C<Iltrnl "",.,,, In 

now Iotorac,e •• 0<1 now I"<raeleo ,..,..,.reh. In I. COIro. M. Knobel. C. 

L • • k>h .... " D. l<u (Ed"l. 1I,,",shwt of ""."rt:h "" ....... /"'''''''''''' 
(pp. 1-2 1). 1' ... ' York. NY: to""",n« E~b"unl AM'Ol:I.l .. . 

Cot1llOdc. G" & Kn,hnamu"hy. fl. (2008). Ke~ d,lfc""",e. be' ... ·"'n Wo:b 
1.0 . 1Id Web 1.0 . F.,... ,11,,,,Juy. I J{~). 

C"', ... ·.II. I. W. I 199M). Qou/"",,,·,, Inqu"y und .... '~~rt:h 04--"1<" c:",~"ing 

"mOIlS}'''' ,,.,,s,,,,,,,,. Thoo .. oo O,ks. CA: S.go. 
I.l< L..,,,. A .• F.-.n< •. "'. R .. P .... ",. I.. & To"ol'1. (L ,20091 . J.l<v~I"I'm.n' 

• nd ~" .Ir.u"". of. 'j''''nI .nh,II<log S"""nd !.If~ '" ""wort 0)-'. ' 

chmnoo. rolc-lo • ..,.) roll ,"'~",,< k . mlnl. S"ft~'Qr~ procll« "",s 
F.xpmetlN!, jjl. 101$_1054. 

I.l<"}'. S. L ~ ... R. 0 .. narron. B .• Engl •. R. A .. Enck", •. F .. Gold"",n. 
1I ..... Sh""n. fl. L, (2010). Cond""lrn8 viJ.., rese.",h In ,)r(, k.m­
'"g "",e~" GUldo",,< on .. 1<'ClIOn .••• 1).1>. ,,,,,hool,,!!). I nd ""',eo. 
J"",""I of,h" Le""'lng Scl<"cn. 19( 1). J---SJ. 

Dl><ho"," . " A. 11(07). Eye """"".X ", .. ,/r.><io!",,-,' Th",,,,· u"J p"'('1i~' 
(Vol. 173). Lon<k>n. UK: Spnn~"'. 

EII,,,,o. N. II .. " boyd. d. m. (201l). Soc .. l"y 'h"",~b Jlo,,,.1 .. ,worl< 
""". In\\' . 11- [lilt",. (Ed.). Th" O~fiH"J /ron,sb.."'" uf In''''"''' "a,I.~-, 
(pp. 151-172), Oxford. E",Uro<l: Oxford U." ·.""'Y Pn: ... 

fcrdl¥. R. E.. & M .. h~ P. (2004), Emotloru l "''I'''n5CS to compulCn: 
F.xpenen<:"" ,n "of.""" .... nker •• nd "P,t • . ),,,,,,,"1 0/ EJucu',,>nal 

.\I""i",~,o "<til lI'p"",e<i,,,. 1 J. 141-161 
FlCldrn8. N. G .. &. 1.«. R. M. (1001). N ..... I"'"<f1" In t,", ><Ioplron.o<I u"" 

of quoIH.tI,.. ""f'w .... F,eld .I f,~hixb. U. 190 1%. 
l'oU. S. I .. &. 1\' .... C. ( 1'l'97). S,lrcon ,y«>ph.o": The df« .. or <om",,' ­

or; ,h. , ft "t<T. Inte",,,,,,,,,,,1 J"","ol of 11"",on-C_/"'''''' StIIJ,,,.. 46. 
SS I SM. 

Fl)'. J. &. T. II" s, (2007). Til<: 1.,dl«'u.1 .nd _ ,.1 ur,; ... ,",wn or ... -
<l<mlo fi.ld •• 0<1 'h< sl"pln¥ of d'gl ... 1 ", .. ",,,,co. .1<"',.01 oflnfi"""Ui"''' 
Sci<If(~, JJ. IIS- 113, 

(j .I.,;.. M .• TolJt.ng"u. R .• <;""1"". M. r .. & Co.raJ. f . G. IlOOS). E)"~ 
trackl.x do .. : Nrw '""gno; <>n .. ""'"'" O«k,~lf« ... oo {I '''''' c'>golt". 
,bo"cu" ,n ",n·.r "''1''''''''Og, I'ub/u- Oplni"" Quarrm..·. T}. 892-9 11 . 

C. entrle. D . .... (2011 ). TIl< multIple d,nl<nsron. oh,dco game elf""". n,l,s 

1>--.. elJ)j""''''' I'=IJ<'C'''· ... 5. 75-MI. 
Gibb •• G. II .. Fne>«. S .. & M.o¥.I><, ... W. C. (2002). TIH: u'" (lr "" .... 

tecbnolo~y In qu. I"",,·e ... .,.reh. In,rod"""on '0 I,,,,,,, J(1) of FQS. 
F"", ... Qaaliw",'~ Su",,)) Re"!d"'~. J(2). 

G"'.''''r, A, C .. McN"na ... D. So. &: Kulrku"'loh. J. \ 1. (201 I). Cuh-M.,"" 
Pro,',d,ng mu ltrl,",.1 0lI. 1)" ... of ",, ' cft."""ton,"«, £<irJca,iOlldl 
R,~'rurclu!r, 40. 223 214. 

C,n:enho"·. <.: .. & GI .. ooo, II. (20H). Soc ,. 1 ",hol.",h,p: lI«o"srd<n.~ 

",bol.rly PlXtrCes In ,I>< .S. of ""' .. ) med,a. B'i'''~ JoumoJl ,<{ 
E""c",,,,,,,,1 TI!'C~m>I"I{I' . 45. J09-4Q1, 

c. ""'n.., .... C .. & L •. I. POll1- L,k. , commen'. slIa .. : ColI . "' .. "on . 0J 
C"'IC .n¥.~.m •• ' "'IIhln """ .. I D<:,,,'orit ,,1<5. 10 C. Mouza & 'I. to"ig"" 
(Ed .. ). E"'<T8'ng 'ech""I"",,,,, for ,Itt: d"",,,,,-,,,, (pp. 127- 14 1). 1' ..... 
Y ort. NV: Spnn~.,. 

Gn:en"" .... C .. 1I<>be1r •• E .. & Ilugh<:'. J. (2009), Wo:b 2.0.nd .t.s.room 
rese.",h: WhOO I"'tn .hoold "" ... , < ",,""? EdIK""OIIu/ R"'~",,'Iu!r . J~. 

2016 259. 
J.-.kl •• It . T",,,,I ... ,. D .• ruM. T .. .It W"'nl><r,;"" .... 12Q I4). ColI.bo,.tr,. 

I .. ml.x In F...,OOo,k: Ad"""" <If<<l< of Ind"'rdual P"'I"''''lrOn. 
In ProceroinlP of ,/rto F""y.Snt'7l,h Annom I/"",,,ii Inl.marional 
C_/ ..... ""'" un ~)'SI"'" .'Ie,"""" (I'J'. 161b-1~2~). W .. hlng"' •. DC: 
IEEE. 

" ."' •• M. It. &. Whillock. P. A. (2009), ,II"",. Ca,l" .. .,h.>J., \\'<In""lm. 
Gennany: Wiley. VCI!. 

KOIl<. J_ W .. '1'0'""". S .. " Sh.od<n. J_ M. (1010). Ta.I: ,",,,,hI 08 In " ,deo 
.am. ploy."': S<lH:fil> of ",1«"". oll •• ,ion bu, no' ","''''nc' 10 pro .. _ 
trw Intorfe",,,,, • . Ac'" p'y.bol""ica. 114. 70---,8. 

Ke..,luik. K .. M,"'~. P .. F.h...,.. C .. &: T <ny. L. (201)). Wb .. koowlcJge " 
or mO., ""Mh; T .... h<1 ' nowleJ~ fUI 21,' «.'"1}' l .. mlnX. JIN'.ol ,if 
Dlg",,1 Lmntllrg In TOIKIrto. E,s="OII, ]9(4). 127_14(1. 

KlKzok. G. A .• &. Chn""" .. n. II. (20141. Tool. for .0.lyz'" g 'I'''."''''''. 
ill ... In I. M. Srecto •• M. D. M<mll. J. EI.n. & M. J. ",,""" If.J •. ) . 
l/amJlx>oI: of ""t"U"'~ "" ..Juc,,"onal c"",,,,,,",~ar,,,,,, on,I,,,,,hrwl,'I{l' 
(~th "" .. pp, 20J-220). NC'O' Y orl<. NY: Spn!ljer. 

K""PI"'1. U. (~Oll ). Mo"" prople ... u",nR ,n""Pbon,,, to _""Iy «rord 
ulflC' ron"""""", (""o:b blo~ 1'<>"'1. FI.,"n",'«I from h''l' ~,''''' ''''w,,,,,,,, 

"""n,o.kr,rom ''''''''Pho_''Pyrn~-d<'''cd-2011. 7 (""cesoed Fo:bru.1)' 
IK.2{}lS), 

K ""'~ •• K .• " n.," . 11. M. (2007). GOOlII~ Schol" Olta' ;".' .00 (jOOMI< 
" 'ebI1J RL .... ,,<><Is: A mu ll,-<l""'rh ••• 'p lo,.,,,')' ... Iy", .. /0 .. ",41 
of ,/rto Am"'-'",n Soc",!,)' for I,,/ormarro« ScifflC~ a",1 r«hJtOlOfl:o'. S8. 

10SS--- l 06S . 
I..nd.o"",. T. " .. F~ I". P. W .. & 1.0"''''. D. 11998). An ,",rodu<""o to I""nt 

""mon"c . n.ly .... Dosc""".. I'~'n. 1-1. 2S9---2S4. 
l<'l-.n •. A .. & SII,· ... C. (1009). C/oooiJ/rrg" CAQIJAS J>"dng<> A ""H"li"1t 

f!dfH!'" (6,h ed.). SUlrey: Un,,'.,.,')' o(Su"'-oy. 
Lln,c",. J. M, (201l0}, COnlpu,er-odop',," ","in¥, A mc'''''''''lu~y ,,""'" 

time b", C<t.,.,. 10 S. C ..... U. K.ng. E. i Nn. &. I. M. L,n"""IEJ •. ). 
0,.,'.1_0"' of rompu,,,i=e<i miMI. u:1tuoI ochiO\, ..... en' "," (,n 
Ko"",.). S«>uI. Sou'h Ko",", Ko"", .. P""... 

Lu",ht, R. M. (200S), Compul<r.ad.p"'·' ,e."ng. In S, S. hentl, &. 
D, H",,'ell (ful>.). E",),dop<!tli" ,<{"",un'"" In MluJl'Jorol .... ".,.,..,. 
11"""~¢n. NJ:Juhn W,I.y, 

M •• J. .It I\'I<kCT><ln. J. V. 12(06). H' ''''...,n ... mul. l«1. ,nd ~mo'" 1.00 .. _ 
ton." A coml"'''''''·. 101<''''U''' 1'<"1<"1. ACM Comfl"rrng Sun.., ... JIJ(J). 

M. n.,.. S .. &. Jr.. " oen. M. (20 Il l. I. " 0 ,,,,,I ,"Itable fo, leam 'IOg" A ontro.1 
~'I"'" of Ih. Iol<f"o,u", on Focebook .. . l«hool...,-"" oh. ""ro k.ml", 
<II' lronm.nl. ""'rnol o/C"",,,,,,,,," A ... ;,-,,,I L..,"'lnK. 19. 487-504. 

MayfIe ld. E., " Ito ... C. P. INIl). Llg hoSlUE: Opon "'""'" m""h'll< 
I .. mlnx fo, , .... I. M. D. S""nnr< &. I. Uu",'.,n lEd •. ). 1I"",sb..d'f 

"ow,"~,~J ">II'" 1!>'~I"Ui''''' C"m,PI ('l'PI!C~'J("" ".,s ........ ,si"",·I;""', 
'pp.124 IlSl. 1\' .... York. NY: 11"",1«18', 

PU~Y' MlShra Ct.1. 

Me"o,. B .. Toy.m •• Yo> MUl'l'hy. R" Ilok,,, M .. " )" ..... K. (1010). 
E"al"u",,,, ,,/ .~·i.s.""'e-ba>d """'Ur",, '" ,,,,I,,,,, l""",i"K' A "' .. ,,­
a""I",i. I1nd !"n·i .... ' of_III'" 1000"i"S ,!'U,sie. Wuhrng'on. DC: U.S . 
t><p.o"m'.' of E.J"".,,~o. om"~ ~f Plono ,"X. E"" llIl',,,., . • nd Poli.y 
(}e"<l'>P~.l 

M~bo, L. J...l Y. ns , " . (2007). Imp"'" or do" lI0II'''<> on cll.tron cQUn" 
. nd 1."~lng. of LIS f.cul,),: Wo:b ofSc,e"". H""" Soopu •• nd Google 
Schol ... )""",,,/,>/ 'M Amm"~n .<;'>eicr)' fi,.. Infi""""'''''' Sc ....... ~nJ 
T,dm.>l,'I{l·. J/J. 210S---2 11S. 

M,"' ... P. (2006). "lfec',,'e f~k from rompu",,,.nd II<.ff.." on 1"'''" 
c .. ,..«1 .b""j' . 00 .ffeet: A "',it of the roml"'''''' • • """.1 octo, hypo,h. 
¢" .. ""'noul ofE<irJra"Q.~1 M~I"",..J'Q ~n,s "'pt:"",.J,a. 15. I 07-13 I. 

.\I,,,,,,. P .• &. Koehler. M. J. (20061. Tednologlc.1 pe<!osoi,c.1 ro ntrn' 
k""",lcJS"' A frunewM for '0"' ..... k"" .... lcJ~ •. T.·/lCIrto.. CoIl~ 
RN;ord./0IJ.l017- IQ5oI. 

Moo",. S. L.. &. EII .... orth. J. fl . POI 4). E,h,« of """".t,o .. l ,..:hool,,!!y, In 
J. M. Spector. M. D, M~mll. I. Elcn. &. M. J, fI,,,,,,,, (Ed.,).Il""dbooJ; 
,if ""ou,.... "., e<io,a""",,1 """,.wn/curi" ... , unJ I",hn.>lol:.l' H,h cJ .. 
pp. 1(3-ll~l- N .... Yurl<, NY: S"" nger. 

M"", .. b •• C (1094). i'l1<!", ....... oIOfi:ical ,.-'~.lId ",c,hixb Tbou .. 0<1 
O.ks. CA: Sag • . 

Mumby. P. J. (2002). SI,,,,.lie.II"'"·., Qf ""n-".~m<:'n< , .. t" A ~""'~ 
SUId< r"r <Ies' [!IIrn3 ... mrh os " .. t<gl" • .II""n.- 1'.1/1",,,,,, Bullnln. 14. 
SS 87. 

MutM~. L. K" & Mu,M •• D. O. 12002). 110 ... · '0 ""'. M~.t< C'~Q .<lndy 
'0 d«ld< on .<Omr l< . ,z •• "" dc,,,,,,, ,.< pow",. $1""·",,,,1 Eq"~"'''' 
M",/~/Jng.~. m-620. 

N .... c. FoU. H. J.. & Moon. V. ( 1996). C •• oonll"'k,. be "'.m .. "." 
J"",nal "11"" .... a,;",,,,1 11",",,"_0""1"'''''' SfuJ"'.'. 1 J. 1\69--1>78. 

1' .... C. Moon. Y .. & C.mcy. P. ~ 199\1). AT< propl. pol " . '" compuocn.? 
R""""n",. \0 rom""te,.b.oed ,n,,,,,'I<\\ I.~ .)".tem" )"u,n,,1 "IApplloJ 
S,"'ial I',rclwiug:.'. 19, l O<Jl---IIO<J. 

1' .... C .. Moon. Y .. " G=. N. 119'97). A", m.ch i"." ¥.nd<r .<\I, .. I? 
<lendcr.stcreo'Yl"c "''I'''n .... '0 conlpu"''' ... Llh ,·olcn. "",,",,I of 
AppliN Social I's)"Clwiog •. l7. Il64_H76. 

1'0110 ... 1 EnJo ... m<nt fo' In< ... ", (NEA I. (2007). Tn n=1 ,,.-"'-" '" "",J; A 

qu<!S'i_ of """Mal COIU"'I"""". I R .... reh «pO" "'47). \\' .. hln~'on. 
DC: NEA. 

N<wto •. J. (20 101- T/rto ",hl<~ "nJ S","""'y 'f d"",s """'I",,,n/,:. Au",". TX: 
In,cm",onal Lepl T<'Choolo¥y A .. ,,,:r.llon. 

p. lmer. C. L. &. C ... ~ 'n. M. H .1200~I. Schol.rshlp . nd dlsclph",,), prK' 
,,,"". In D. CronIn (Ed.l. Annaal "'~" .... ' ojlnfi"",a"'HI ,,,",ena "".I '«b_ 
~'(Vol. 42. 1'1', 16S---211). MeJford. NJ: lnfunn.hun T ",,"y. 

r.tton. M. Q. (2002). Qu"'''Uiil'~ ,,,-'..arch ,,",s n'al"u""n ",nha.lt (3m 
cJ.j. Thoo .. od Ooll. CA: S.g. rub" •• tron .. 

P'«I' ''''. A. c, .. & S""m. n. 1.'2009~ 1i- ll'Hlt."" 1",,'''inX __ A 2IIOXfi"­
I,,,. ,.up If'l./- , un',:>, .f u.s. ,~""'~ ,si,,,,,, "J/ni"l<l"''' .... ,,<w YQ'k. 
NY: Tb. S!oan Con"'''lUm. 

RANU I«ad'''-M S1OO)" Uroop. (2002), ll00J,"/,:fi"" yn.s.. .... "'",s'''It-' T" ... ",.,s 
an R.fl) progr"m i~ ,,'IJJ'"K"'''''~M,",u''', S •• " Moo 'o'. CA: IIAI\'I). 

IUni.n. M .• . 1,1.", •. S .. &. fin,. A. (2Q I2). Why (.0<1 ""w) 010 t<o<,",'" 
en~"g. ,n "", •• 1 "",worh? An "pl.,..,o')' """y of prof.",on.al uo< of 
Focebook . nd 'I< Imp l,oaoron, fo, l,f.looK I .. mln,- B,.;,,, • .I<""nal of 

E,s"~"",,,,,,1 r .... ~"''','I{l'. /J. 754---76'1. 

S. I ..... K .• &. Z,mm<nll •• • E. (200-11, R"I", '{pl"y G"",,, """I(" fo<tll"'"'""­
,ub., C.mbnd~< • • \IA: Th. MIT P", ... 

S.lomoo. <l" &. Al""'1\. T. (1998), Ed",.tronal p.ycbo"'llY .00 technol· 
o~y: A mo't<1 "f """rroul .. 10"'"'' T,,<><'Io..,.. C,>lI,'K'" R",-,""", /fK~ )), 
122-2~ 1. 

Sc.I,><:. ,, __ &. GIlford. fl. (2006). COO1""tcr.b, oed .. "" .. mcnt '" ... Ie.rnlng : 
A f.-.....,wo,k fOI """""",tloS "InlelmcJ .. ,. coo" .. ,Ol'" 'IU<:;IIOO, . OO 
u.k. fo, technoloJ!Y platform,,- J"""n,,1 ,>/Tednol.'/'J'. &<.,.mnK. ".J 
A"=,,,.nl. 4(6). 1-30, 

Sh<f1ll ... M. D., " Bu,,'.,n. I. C. lEd •. ) 12003). AUIOtnale<i <'Hay "",,"lnlt­
A c"",,-<lI$(JP/I","Y f'N'fI'OC'il"'. M.hwah, NJ: L.w""",", ErlNum 
A,,,,,,,,,es . 

ShemllO, M. D" & Bu",""n, J. I Ed •. ) \20 I J}. 1I,,"dbooi< of ""'"",areJ emr)' 
,~'"Iu"'",,,' Cu,"", appllc,,""n, and " ..... ,s"''''"" .... New York. NY : 

R""d«l~<. 
Shulm.n. L. S. 11986). TbO>< ... bo .ode" .. oo: " "'''''I«IlIc Sru,,·,h In leach· 

,nl. E,/ucal.--al 1I1!><"IlI"<"1u!r. 15( 2). 4-1 4. 
Sr<men,. G .. &: I.MK. P. (201 I ). P.o." .. , o~ !IIe fQ~: "'n. lj,tr'" '" I."o,n¥ 

.od """,,,bon. E,suca",~ R",'.",,·, ~6(S). JO.-J2. 
S,m •• V. K... &. M' j=. R. E. (2002). Dom .. o ",,,.,,f,,,"y of '1'",,1 «.r· 

1:1 .. : The c . .. of .,dro ga"", ploy ..... APP/ie<i C"""lrll'e I"FCIwiug:.'. 
16.97-I IS. 

Sp, ..... I, ... . (2004\. T«h "P" U"O¥ "1<1<0 mon.g<m<:n(, ... I)·". tech­
""i"I!y ,n qu. I,,,,,,·e I."".",b. I"'~ari""al .l.J<Jrnal of Qoal",,"'-~ 
,\/rrh,J,. J{ I). S7~ I. 

SqulI'. K. 42(06). From co.t<., 'u "".1<>" vid<oJ!'~' ' .' Lk";x.eJ",1'<'­
nc"" • . EduNlIIOfla/ k.,rorch .... HIS). 11)-.29. 

S1Io(f. M. &: W,I"",.y. U. \200l). Cono",,1«1 c""ml"I)" 1"""'I">n."ng 
,n,'IX''''' ., .. ul.,IO., ,oto tho cbe .. "tl}' <I"",,-.,.,m. )""",al .fSejetlN! 
E,llffa,i,,,, on.1 r«hffOil'/fo', I]. 28S---302. 

S,.-.U"'. A .. " Corn,n, J. ( 1<;90). 8",,," 'f ~o"iJM"'~ ru""l'<"b GrouJlJctj 
'~' IH"OC~Ju''''' un,s ,,'('hniqlJD. 'I.wb~!}' P"k. CA: S.ge . 

T <"«I.h, S .. & C.I"n$"'" C. 120(9). lokn"'y. 1 ... ,mi"1: an.1 'UPI_' in "i,.· 
,ual "'"''''HI,,,""tJ. lIo,,,,rdom. N<t""rl.oJ" S.n.., rubhoho.-.. 

lb,...,n. D .. .It Mul.,'y. R. J, (1000). Te.,,"~ algonlhm .. I. II. 1I'" .. r. 
N. J. DoJ,..o'. I). lr~""r. II. F1au~h",. B. f. G",<n. R, I. M"I."y. L, 
S'.'Obot-s. & D. Th, ... n (Ed .. ), C_fI""",,-,~d ail"pI"'~ ",,,ng' A p""''''' 
(200 I'd .. pp. 10 I 114). M.hw.b. NI, lo ... f<OOCC Erl b •• m A.....,IO'n. 

T"",,,, S .• "k'cbe,. J. 1>-. &0 II'lnd. A. p, (201 4 ). (i l me-bued I."n,ng. In 
I. M. Srec,or . .\1 . D. McmU. I. Eko. &. M. I. II"""" (Ed .. ). lIandbook 

'f r-ae"rch "" .,suc" .. "",,1 rom"'a""·"" .... , "n,s "dnolOfl:o' (4,h «I .. 
pp. -IllS_SOl). New Yort. NY: Spnog"'. 

Wol,h..-. I. fl. (2009), Theones. """00 ....... nd .11 of 'h< • ..,,' • . .m..m,,1 ,{ 
C""'fI",...--.lf..Ji,,'..J Com",ank"rI ..... H. H8-7~2. 

Wllen"'y. U. (2003). S" """cal mech.nlcs for oocood'ry ,,110<>1: Tho 

G"Lah model 'oM ,,",I~'l. I",~",ali,,"ol J''''''al 'f Co""/"""'" fi,.­
.llolh .. ","",,", L",,"'lnX, &. 1--41 _ 

1I',I<n"'y. U .• &. II .. "", .. K. 0(06). Thlo klng I,k •• ,,"olf •• >h<:cp or. 
(o",ny: J."m,ng b,oIoM)" 'hn,uG" C<to"""''' ''>I . o<I """n~ computalWn.o1 
lbe< ........... n <",00<11«1 ",.,.J"lrox . pprwch. C""",,,,,,,, of I"",,,,,ri,, .. , 
2~. 171-209, 

lI'i"on. C .. S.I ..... .. f"ult.' .... my. " . P. N .. &. Zhao. Y. Y. 00 12). fI.yond 
"""IO! g"ph" U"" lOIer»<Mn, In onhne _101 ne/wo,k< . nd tl><" 
,mpl,ca tron,. AC'.II T""'t"",rlom "" 1M W.-b. !l{41. A",eI. 17. 


