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Foreword



Weneedtothinkharderabouthowweprepareyoungpeoplefortomorrow’sworld.Inthepast,educa-
tionwasaboutteachingstudentssomething.Now,it’saboutmakingsurethatstudentsdevelopareliable
compassandthenavigationskillstofindtheirownwaythroughanuncertain,volatile,andambiguous
world.Now,schoolsneedtopreparestudentsforaworldinwhichmostpeoplewillneedtocollaborate
withpeopleofdiverseculturaloriginsandappreciatedifferentideas,perspectivesandvalues;aworldin
whichpeopleneedtodecidehowtotrustandcollaborateacrosssuchdifferences;andaworldinwhich
theirliveswillbeaffectedbyissuesthattranscendnationalboundaries.Technologyhasbecomethekey
tobridgespaceandtimeinallofthis.

Thesedays,wenolongerknowexactlyhowthingswillunfold.Weareoftensurprisedandneed
tolearnfromtheextraordinary,andsometimeswemakemistakesalongtheway.Anditwilloftenbe
themistakesandfailures,whenproperlyunderstood,thatcreatethecontextforlearningandgrowth.A
generationago,teacherscouldexpectthatwhattheytaughtwouldlasttheirstudentsalifetime.Today,
schoolsneedtopreparestudentsformorerapideconomicandsocialchangethaneverbefore,forjobs
thathavenotyetbeencreated,tousetechnologiesthathavenotyetbeeninvented,andtosolvesocial
problemsthatwedon’tyetknowwillarise.

Howdowefostermotivated,engagedlearnerswhoarepreparedtoconquertheunforeseenchal-
lengesoftomorrow,nottomentionthoseoftoday?Thedilemmaforeducatorsisthatroutinecognitive
skills—theskillsthatareeasiesttoteachandeasiesttotest—arealsotheskillsthatareeasiesttodigitize,
automate,andoutsource.Thereisnoquestionthatstate-of-the-artknowledgeandskillsinadiscipline
willalwaysremainimportant.Innovativeorcreativepeoplegenerallyhavespecializedskillsinafield
ofknowledgeorapractice.Andasmuchas‘learningtolearn’skillsareimportant,wealwayslearnby
learningsomething.However,educationalsuccessisnolongeraboutreproducingcontentknowledge,
butaboutextrapolatingfromwhatweknowandapplyingthatknowledgeinnovelsituations.Putsim-
ply,theworldnolongerrewardspeopleforwhattheyknow—Googleknowseverything—butforwhat
theycandowithwhattheyknow.Becausethatisthemaindifferentiatortoday,educationtodayneeds
tobemuchmoreaboutwaysofthinking,involvingcreativity,criticalthinking,problem-solving,and
decision-making;aboutwaysofworking,includingcommunicationandcollaboration;abouttoolsfor
working,includingthecapacitytorecognizeandexploitthepotentialofnewtechnologies;and,lastbut
notleast,aboutthesocialandemotionalskillsthathelpusliveandworktogether.

Conventionally,ourapproachtoproblemswastobreakthemdownintomanageablebitsandpieces
andthentoteachstudentsthetechniquestosolvethem.Buttodaywecreatevaluebysynthesizingthe
disparatebits.Thisisaboutcuriosity,open-mindedness,andmakingconnectionsbetweenideasthatpre-
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viouslyseemedunrelated,whichrequiresbeingfamiliarwithandreceptivetoknowledgeinotherfields
thanourown.Ifwespendourwholelifeinasiloofasinglediscipline,wewillnotgaintheimaginative
skillstoconnectthedotswherethenextinventionwillcomefrom.

Equallyimportant,themorecontentknowledgewecansearchandaccess,themoreimportantbecomes
thecapacitytomakesenseofthiscontent—thecapacityofindividualstoquestionorseektoimprove
theacceptedknowledgeandpracticesoftheirtime.Inthepast,youcouldtellstudentstolookintoan
encyclopediawhentheyneededsomeinformation,andyoucouldtellthemthattheycouldgenerally
relyonwhattheyfoundtobetrue.Today,literacyisaboutmanagingnon-linearinformationstructures,
buildingyourownmentalrepresentationofinformationasyoufindyourownwaythroughhypertexton
theInternet,anddealingwithambiguity—interpretingandresolvingconflictingpiecesofinformation
thatwefindsomewhereontheWeb.

Perhapsmostimportantly,intoday’sschools,studentstypicallylearnindividuallyandattheendof
theschoolyear,wecertifytheirindividualachievements.Butthemoreinterdependenttheworldbe-
comes,themoreweneedgreatcollaboratorsandorchestrators.Innovationtodayisrarelytheproductof
individualsworkinginisolationbutanoutcomeofhowwemobilize,share,andlinkknowledge.Inthe
flatworld,everythingthatisourproprietaryknowledgetodaywillbeacommodityavailabletoeveryone
elsetomorrow.Expresseddifferently,schoolsneedtodriveashiftfromaworldwhereknowledgeis
stackedupsomewhere,depreciatingrapidlyinvalue,towardsaworldinwhichtheenrichingpowerof
communicationandcollaborativeflowsisincreasing.Andtheywillneedtohelpthenextgenerationto
betterreconcileresilience(managinginanimbalancedworld)withgreatersustainability(puttingthe
worldbackintobalance).

Thisisatoughagenda.Whatiscertainisthatitwillnevermaterialiseunlessweareabletoclearly
conceptualiseandmeasurethose21stcenturyknowledgeareasandskills.Withoutrigorousconcep-
tualisation,wewillnotbeabletobuildmeaningfulcurriculaandpedagogiesaroundtheseknowledge
areasandskills.And,attheendoftheday,whatisassessediswhatgetstaught.Thisvolumemakesa
majorstepinadvancingthisfrontier.Itexaminesarangeofskillsthatareimportant;itlooksatinnova-
tivemeasurementmethodstomaketheseskillsamenabletoquantitativeassessmentinwaysthatthey
becomeactivatorsofstudents’ownlearning,anditlooksathowwecanlearntodrinkfromthefirehose
ofincreasingdatastreamsthatarisefromnewassessmentmodes.

Andreas Schleicher 
Organisation for Economic Co-Operation and Development (OECD), France
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InitslandmarkreportEducation for Life and Work in the 21st Century,theNationalResearchCouncil
(2012)described“deeperlearning”asaninstructionalapproachimportantinpreparingstudentswith
sophisticatedcognitive,intrapersonal,andinterpersonalskills.Theapproachesrecommendedbyadvo-
catesofdeeperlearningarenotnew,andhistoricallytheseinstructionalstrategieshavebeendescribed
underavarietyofterms.Untilnow,however,theyhavebeenrarelypracticedwithintheschools(Dede,
2014),resultinginthesadsituationthatstudentswhoexcelinschoolmaystruggleintherealworld.
Andstudentswhostruggleinschoolarelikelytosinkintherealworld.Various“deeperlearning”ap-
proachesaredescribedbelow.

• Case-basedlearninghelpsstudentsmasterabstractprinciplesandskillsthroughtheanalysisof
real-worldsituations;

• Multiple, varied representations of concepts provide different ways of explaining complicated
things,showinghowthosedepictionsarealternativeformsofthesameunderlyingideas;

• Collaborativelearningenablesateamtocombineitsknowledgeandskillsinmakingsenseofa
complexphenomenon;

• Apprenticeshipsinvolveworkingwithamentorwhohasaspecificreal-worldroleand,overtime,
enablesmasteryoftheirknowledgeandskills;

• Self-directed,life-wide,open-endedlearningisbasedonstudents’passionsandisconnectedto
students’identitiesinwaysthatfosteracademicengagement,self-efficacy,andtenacity;

• Learning for transferemphasizes that themeasureofmastery isapplication in life rather than
simplyintheclassroom;

• Interdisciplinarystudieshelpstudentsseehowdifferingfieldscancomplementeachother,offer-
ingaricherperspectiveontheworldthananysingledisciplinecanprovide;

• Personalizedlearningensuresthatstudentsreceiveinstructionandsupportsthataretailoredto
theirneedsandresponsivetotheirinterests(U.S.DepartmentofEducation,2010;Wolf,2010;
Rose&Gravel,2010);

• Connectedlearningencouragesstudentstoconfrontchallengesandpursueopportunitiesthatexist
outsideoftheirclassroomsandcampuses(Itoetal.,2013);and

• Diagnosticassessmentsareembedded into learningandare formative for further learningand
instruction(Dede,2012).

Theseentailverydifferentteachingstrategiesthanthefamiliar,lecture-basedformsofinstruction
characteristicofindustrial-eraschooling,withitsone-size-fits-allprocessingofstudents.Ratherthan
requiringrotememorizationandindividualmasteryofprescribedmaterial,theyinvolvein-depth,dif-
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ferentiatedcontent;authenticdiagnosticassessmentembeddedininstruction;activeformsoflearning,
often collaborative; and learning about academic subjects linked to personal passions and infused
throughoutlife.

Thechaptersinthisbookdemonstratethatnewtoolsandmediacanbeveryhelpfultomanyteachers
whowouldotherwisestruggletoprovidethesekindsofinstructionfordeeperlearning(Dede,2014).By
analogy,imaginethatyouwishtovisitafriend20milesaway.Youcouldwalk(andsomepeoplewould
prefertodoso),butitwouldbemucheasiertouseabicycle,anditwouldbefareasierstilltouseacar.
Inshort,teacherswhowishtopreparetheirstudentsfortherealworld,aswellasforfurtheracademics,
don’thavetouseeducationaltechnology;theymayprefertowalk.Realistically,however,many,ifnot
most,teacherswillbehard-pressedtogetfromindustrial-styleinstructiontodeeperlearningwithout
thevehiclesofdigitaltools,media,andexperiences.

InanextensivereviewoftheliteratureontechnologyandteachingfortheforthcomingAmerican
EducationalResearchAssociation(AERA)HandbookofResearchonTeaching(5thEdition),Barry
FishmanandI(inpress)notetheimportantdistinctionbetweenusingtechnologytodoconventional
thingsbetter andusing technology todobetter things (Roschelleet al.,2000).While theremaybe
valueindoingsometypesofconventionalinstructionbetter(i.e.,moreefficientlyandeffectively),the
realvalueintechnologyforteachingliesinrethinkingtheenterpriseofschoolinginwaysthatunlock
powerfullearningopportunitiesandmakebetteruseoftheresourcespresentinthe21st-centuryworld.

Inourreview,weconsiderhowandunderwhatconditionstechnologycanbeproductivelyemployed
byteacherstomoreeffectivelypreparestudentsforthechallengespresentedbyarapidlyevolvingworld.
Wearguethattechnologyasacatalystiseffectiveonlywhenusedtoenablelearningwithrichercontent,
morepowerfulpedagogy,morevalidassessments,andlinksbetweenin-andout-of-classroomlearning.
Theexaminedthefollowingtechnologiesindepth:

• Collaborationtools,includingWeb2.0technologiesandtoolsthatsupportknowledgebuilding;
• Onlineandhybrideducationalenvironments,whichareincreasinglybeingusedtobroadenaccess

toeducationbutalsohavethepotentialtoshiftthewayweconceiveofteachingandlearning;
• Toolsthatsupportlearnersasmakersandcreators,whichhavetheirdeeprootsinhelpingstudents

learntobecomeprogrammersofcomputers(andnotjustusersofthem);
• Immersivemediathatcreatevirtualworldstosituatelearningoraugmenttherealworldwithan

overlayofcomputationalinformation;and
• Gamesandsimulationsthataredesignedtoenhancestudentmotivationandlearning.

Thisbookprovidesexamplesoftheseandotherpowerfultechnologiestoaidthistypeofinstruction.
Ifusedinconcert,thesedeeper-learningtechnologiescanhelppreparestudentsforlifeandworkinthe
21stcentury,mirroringintheclassroomsomepowerfulmethodsofknowinganddoingthatpervade
therestofsociety.Further,theycanbeusedtocreateapractical,cost-effectivedivisionoflabor,one
thatempowersteacherstoperformcomplexinstructionaltasks.Inaddition,thesemediacanaddressthe
learningstrengthsandpreferencesofstudentsgrowingupinthisdigitalage,includingbridgingformal
instructionandinformallearning.And,finally,thesetechnologiescanprovidepowerfulmechanismsfor
teacherlearning;bywhicheducatorsdeepentheirprofessionalknowledgeandskillsinwaysthatmirror
thetypesoflearningenvironmentsthroughwhichtheywillguidetheirstudents.
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Atatimeinhistorywhencivilizationfacescrisesthatweneedthefullcapacityofpeopleacrossthe
worldtoresolve,thisvolumeprovidesanexemplarysuiteofpracticalwaystomoveforwardwithcur-
ricula,instruction,andassessmentsthataretrulyorientedto21st-centurylifeandwork.

Chris Dede 
Harvard University, USA
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Changesintheworldeconomy,specificallytowardinformationindustries,havechangedtheskillset
demandofmanyjobs(OrganizationforEconomicDevelopment[OECD],2012a).Informationiscre-
ated,acquired,transmitted,andused—ratherthansimplylearned—byindividuals,enterprises,organi-
zations,andcommunitiestopromoteeconomicandsocialdevelopment.Majoremployersandpolicy
makersare increasinglyasking teachersandeducators tohelpstudentsdevelopso-calledreal-world
skills(Gallup,2013).Whilelearningbasicnumeracyandliteracyskillsstilliscrucialtosuccessinthe
jobmarket,developingreal-worldskillsalsoisessentialtosuccessinthejobmarketandworldwide
economicdevelopment.

Real-world skills, or “21st century skills,” include critical thinking, collaborative problem solv-
ing,creativity,andglobalcompetency.Theseskillsthatfacilitatemasteryandapplicationofscience,
mathematics,languagearts,andotherschoolsubjectswillgrowinimportanceoverthecomingdecade
(NationalResearchCouncil,2012;OECD,2012a,2012b).Awiderangeofinitiativesandprogramsin
educationpromotelearningandassessmentofreal-worldskills.Theseinclude,forexample,theCom-
monCoreStateStandards(NationalGovernorsAssociationCenterforBestPracticesandCouncilof
ChiefStateSchoolOfficers,2010a,2010b),NextGenerationScienceStandards(NationalResearch
Council,2013),CommonEuropeanFrameworkofReference(CouncilofEurope,2011),Partnershipfor
21stCenturySkills(Partnershipfor21stCenturySkills,2009),EducationforLifeandWork(National
ResearchCouncil,2012),andassessmentframeworksintheProgrammeforInternationalStudentAs-
sessment(PISA)(OECD,2013).

Becauseoftheimportanceofpromotingtheseskills,wehaveembarkedonajourneytocreatea
Handbook of Research on Technology Tools for Real-World Skill Development.Becauseconceptions
andeducationalapplicationsofreal-worldskillsareevolvingrapidly,wehavewelcomedawiderange
ofskillsintheHandbook.Thefollowingfourstrandsofskillsarerepresentedinthechapters:Think-
ing skillsrefertohigher-ordercognitionanddispositionssuchascriticalthinking,complexproblem
solving,metacognition,andlearningtolearn.Social skillsrefertoattitudesandbehaviorsthatenable
successfulcommunicationandcollaboration.Global skillsrefertoattitudesandbehaviorsthatempha-
sizetheindividual’srolein,andawarenessof,thelocalaswellastheglobalandmulticulturalenviron-
ment.Digital skillsemphasizeinformationanddigitalliteraciesneededinthetechnology-richworldin
whichwelive.Similarly,thechaptersinthisHandbookdescribearangeoftechnologytoolstosupport
teaching,learning,assessmentforlearning(e.g.,Stiggins,2005;Wiliam,2011),feedbackforlearning
(e.g.,Hattie,&Timperley,2007;Shute,2008),andscoringofstudentresponses.Forexample,section
1includeschaptersoncurriculaandframeworksforteachingreal-worldskills;thechaptersinsection2
describespecifictechnologytoolsforteaching,learning,andassessingreal-worldskills;thechaptersin
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section3describeautomatedscoringtoolsforassessmentandlearning;andsection4containschapters
ontechniquesforanalyzingdatafromtechnology-basedperformanceassessments.Helpingstudents
learnreal-worldskills—thatis,tointernalizethemandusethemflexiblyacrossarangeofchallenges
andcontextsintheireverydayandworklives—isasignificanteducationalchallenge.Real-worldskills
cannotbetaughtinasinglecourseorinasingleyearofschooling.Andassessingreal-worldskillsto
providefeedbacktoguidedevelopmentofthoseskillscannotbeaccomplishedusingconventional,large-
scaleassessmentandscorereportingmethodsalone.Thetechnologytoolsdescribedhererepresentthe
rangeofcurrentanddevelopingcapabilitiesoftechnologytoolstosupportteaching,learning,assess-
ment,andfeedbackforlearning.

Astechnology-richenvironmentsforteaching,learning,assessment,andfeedbackarebeingintegrated
intoeducationalprocesses,thereismuchtobelearnedabouthowtoleverageadvancesintechnology,
learningsciences,andassessmenttodevelopreal-worldskillsforthe21stcentury.Researchfindingson
whatworksbestarejustemerging,possiblyduetothestrongmulti-disciplinaryapproachesrequiredto
extractthegreatestvalue.ThisHandbookisintendedtoserveasafirstbodyofresearchintheexpand-
ingareaoftechnologytoolsforteaching,learning,assessment,andfeedbackonreal-worldskillsthat
educatorscanturntointhecomingyearsasareference.Ouraimistobringtogethertopresearchers
tosummarizeconceptsandfindings.TheHandbookcontainscontributionsofleadingresearchersin
learningscience,educationalpsychology,psychometrics,andeducationaltechnology.Assumingthat
manyreaderswillhavelittlegroundinginthosetopics,eachchapteroutlinestheoryandbasicconcepts
andconnectsthemtotechnologytoolsforreal-worldskilldevelopment.Weseethisasoneofthemost
crucialcontributionsoftheHandbook,seekingtoestablishstrongtheoreticalprinciplesthatcaninform
educationalresearchandpracticeandfutureresearchanddevelopment.TheHandbookalsoprovides
briefoverviewsineachtopicsectionformoreknowledgeablereaders.TheHandbookisorganizedinto
foursections.

SECTION 1: DEFINING REAL-WORLD SKILLS IN 
TECHNOLOGY-RICH ENVIRONMENTS

ThesevenchaptersinSection1exploreconceptualizationofreal-worldskillsandtheroleoftechnol-
ogy.Thesectionincludeschaptersoncurriculaandframeworksforteachingreal-worldskills.Toaid
readersinselectingspecificchapterstostudy,welistthetechnologytoolsdescribedinthesechapters.

Chapter 1:Aprincipledapproachfordevelopingdigitalcompetency.
Chapter 2:Amodelforteachingdigitalcompetency.
Chapter 3:Amodel formeasuringproblemsolvingskills inscience, technology,engineering,and

mathematics(STEM).
Chapter 4:AmodelforteachingInternetresearchskills.
Chapter 5:AnothermodelforteachingInternetresearchskills.
Chapter 6:AmatrixforevaluatingtechnologyintegrationinK-12instructionalsettings,andteacher-

relatedprofessionaldevelopment.
Chapter 7:Anonlineteam-basedlearningmodelinnursingeducation.
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SECTION 2: TECHNOLOGY TOOLS FOR LEARNING 
AND ASSESSING REAL-WORLD SKILLS

Chapters8through21dealwiththecoretopicoftechnologytoolsandawiderangeofapplications
aimedatlearningandassessingofreal-worldskills.Thetechnologytoolsdescribedinthesechapters
includethefollowing.

Chapter 8:Technology-richsimulationsforlearningandassessingscienceskills.
Chapter 9:TheCollegiateLearningAssessment,atest toevaluatethecriticalthinkingandwritten

communicationskillsofcollegestudents.
Chapter 10:Guidance,basedonlessonslearnedfromdevelopingrich-mediasimulations,forassess-

mentfororganizationstaffpromotionanddevelopment.
Chapter 11:Apersonalizedlearningplatformfordevelopingearlyreading.
Chapter 12:Computeragenttechnologyforassessingcollaborativeproblemsolvingskills.
Chapter 13:Amodelforassessingcognitiveandsocialskillsthroughonlinecollaboration.
Chapter 14:Anapproachfortechnology-richlearningandformativeassessmentofcollaborativeprob-

lemsolvingskills.
Chapter 15:Aframeworkforprincipledthinkingaboutaconstructmapassessmentofahigher-order

thinkingskills.
Chapter 16:Computer-basedandcomputer-assistedapproachesforassessmentofknowledgeandskills.
Chapter 17:Technology toolsfor learningforstudentswithmoderateandseveredevelopmentand

intellectualdisabilities.
Chapter 18:Strategiesformitigatingbiasforacomputer-administeredperformance-basedassessment

ofhigher-orderskills.
Chapter 19:Anevidence-centeredconceptmapforacriticalthinkingassessment.
Chapter 20:Facebookasasocialnetworkforlearning.
Chapter 21:Aframeworkforteachers’professionaldevelopmentinthedigitalage.

SECTION 3: AUTOMATED ITEM GENERATION AND AUTOMATED 
SCORING TECHNIQUES FOR ASSESSMENT AND FEEDBACK

ThefivechaptersinSection3addressarangeoftechnologiesforautomatedscoring,automateditem
generation,andlearnerfeedback.Thetechnologytoolsdescribedinthesechaptersincludethefollowing.

Chapter 22:Proceduresforautomatedgenerationofscienceitems.
Chapter 23:Automatedscoringapproachesfordevelopmentofwritingproficiency.
Chapter 24:Aprincipledframeworkfordesigningautomatedscoringofmulticomponentassessment

tasks.
Chapter 25:Automatedscoringasthebasisforfeedbacktosupportimprovementofwritingskills.
Chapter 26:Automatedfeedbacktoimprovewritingquality.
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SECTION 4: ANALYSES OF PROCESS DATA IN 
TECHNOLOGY-RICH PERFORMANCE TASKS

Chapters27through31dealwithanalysis,interpretation,anduseoflearningandassessmentdatain
technologyenvironments.Thetechnologytoolsdescribedinthesechaptersincludethefollowing.

Chapter 27:Analysisofsolutionpathsinatechnology-richproblemsolvingassessment.
Chapter 28:Analysisofsolutionpathsintechnology-richcriticalthinkingassessment.
Chapter 29:Useofachi-squarefeaturesselectionalgorithm(i.e.,sequentialpatternmining)andN-

gramsrepresentationmodeltoanalyzeprocessdataintechnology-richproblemsolvingtasks.
Chapter 30:Analyticmethodstoinduceapersistencemeasurefromgameplayclickstreamdataanda

designpatterntoguidefuturedevelopmentofpersistencemeasuresindigitalenvironments.
Chapter 31:AnItemEngagementIndex(IEI)andStudentEngagementIndex(SEI)forassessingen-

gagementduringtheonlineassessmentofreal-worldskills.

Ourgoalincollectingandorganizingtheseexcellentchaptersistobeginaprocessofcrystalizing
whatourfieldhasaccomplishedtodateandwhatitknows,collectively,abouttechnologytoolsand
howthosetoolscanbeusedtosupportandenhanceteachingandlearningofreal-worldskills.Knowing
whatweknowshouldhelpusidentifywhatweneedtoknow.Anditshouldguidefurtherdevelopment
ofpracticalapplicationsandempiricalresearchontheefficacyofusingtechnologytoolsforteaching,
learning,assessing,andprovidingfeedbackaslearnersworktodeveloptheskillstheyneedfortoday’s
high-tech,higher-orderknowledgeandskillsworld.WehopethisHandbookwillserveasatooltoen-
couragecollaborationsamongresearchers,educators,policymakers,employers,andthegeneralpublic
topromotelearning,assessment,andpersonalizedfeedbacktechnologies.Bycompilingtherichresearch
andknowledgeinthisHandbook,wehopetosparkinnovationineducation.

TheHandbookisarecommendedreadingsourcetothefollowingaudiences:
Educators:Thisbookwillshareessentialinsightsforpolicymakers,principals,curriculumexperts,

andteacherswhoareinterestedinbetterunderstandingthepracticalchallengesandopportunitiesin
introducingnewtechnology-richprogramsaimedtopromote learning,assessment,andfeedbackon
real-worldskills.

Researchers:Thisbookwillprovideavaluablespringboardtoresearchersinpsychology,educa-
tion,assessment,andcomputersciencetoengagewiththeconceptoftechnology-richassessmentand
learningofhigher-orderthinkingskillsandworkonnewresearchdirections.Thiswillbeaidedbythe
emphasisofkeygapsinexistingresearchandprovidingdetailsonwhatareasneedmorecarefulresearch
andempiricalvalidation.

General audienceswithinterestinupcomingtrendsinlearning,assessment,andfeedback:Thisbook
willcoverarangeoftopicsrelatedtoreal-worldskillsandvalueofreal-worldskillsinnext-generation
education.
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