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Preface



The education of young people in science is at least as important, maybe more so, than the research 
itself. (Glenn Theodore Seaborg)

Thetrainingofresearchersisthemotivationenginetokeepgrowingscientifically.Inthisframeworkit
waswhere,throughthesupportofResearcherLinkProgramme,promotedbytheFundforInternational
CooperationinScienceandTechnology(FONCICYT)oftheNationalCouncilofScienceandTechnol-
ogy(CONACYT),incollaborationwiththeBritishCouncil,articulatedtheproject“Trainingdirectedto
ResearcherswithInterestinScienceandMathematicsEducation”(No.8/II-E/2014).Theprojectaimed
todevelopresearchskillsformathematicsandscienceeducationthroughresearchexchangebetween
participantsfromMexicoandtheUnitedKingdom.Intheconcretionoftheprogram,itfocusedonthe
trainingofdoctoralstudentsandlinkingacademiccommunitiesinMexicoandtheUnitedKingdomto
developproposalsaimedatdevelopingskillsforSTEM.

Thisbookintroducesthereadertooneofthecurrentlymostimportantareas,knownasSTEM(science,
technology,engineering,andmathematics)disciplines,linkedtothetrainingofresearchers.Through
acombinationoftheoreticalsupport,toadetaileddescriptionofresearchreports,thereadergetsan
overviewofspecificapplicationstheauthorsofeachchaptermadeontopicswithinSTEMeducation.
Inthisdocument,thereader,notonlywilldelveintospecificexamplesofproblemsencounteredinthe
classroomduringtheexerciseoftheteaching-learningcontentsuchasmathematics,biology,econom-
icsandengineering,butwillalsofindcasesrelatedtoothereducationalaspectsofsciences,suchasthe
sociologicalreviewsofcurriculumsandeducationalmeasurementandevaluation.Althougheachsection
ofthisdocumentrelatestotheSTEMarea,thereaderwillfindthatitiswritteninafriendlylanguage,
freeofcomplicatedtechnicalities;wherethetechnicaltermsarefound,theseareaddressedwithina
specificcontextthatallowsthemtobefullyunderstood.

Theauthorsaddressclearlyidentifiededucationalsituations,forexample,caseswherethehigher
educationteachersfacechallengesfromtheirdailyactivitiesasscienceteachers.Moreover,thechapters
oneducationalresearchreports,allowobservingwithsimpledescriptionshowthescientificmethodol-
ogyisapplieddirectlytoexaminesituationsthatstudentsfaceeverydayduringtheirlearningprocess.
Finally,thecontentwherecurriculumandassessmentaspectsareaddressedreflectsoncurrentareasof
improvementtoimprovethequalityofscienceeducation.Inthiscontent,forexample,thereadercan
findreflectionsonhowtheroleofthecultureandcustomsofethnicgroupscanimprovethedevelop-
mentofscienceprogramswhichincludelocalelementstobetterthelearningofthecontents.Similarly,
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therearesectionswherethedevelopmentofmeasuringinstrumentsisreportedtoassessattitudesand
motivationalaspectsthatallowstudentstoincreasetheirinterestinSTEMareas.

Thereisnodoubtthattheeconomicdevelopmentofanationgoeshandinhandwithscientificand
technological developments, to act on local or global problems (optimization of natural resources,
preservationoftheenvironment,increasethequalityoflifeandsustainableproductivedevelopment,
amongothers).Inthiscontext,itisimperativetounderstandhowtheindividualacquirestheskillsand
knowledgederivedfromtheSTEMdisciplinestopotentiatetheirpersonalandprofessionaldevelopment.
UnderthisconcernanddemandforSTEMknowledge,nationalinstitutionssuchasNationalCouncilof
ScienceandTechnology(CONACYT/Mexico),NationalScienceFoundation(NSF,USA)andUnited
NationsEducationalOrganization(UNESCO),havecreatedorpromotedprogramsthatmonitorand
evaluatetheoveralleducationalprogressintheseareas(TrendsinMathematicsandScience,TIMMS).

However,despitethesestandardizedtoolsandpolicies,itisstillnecessarytolearnfromeachparticular
environmentthefactorsthatallowthedevelopmentofskillsandscientificknowledgeonindividuals.
Thecontentsofthisbook,bypresentingeducationalappliedcases,respondtothecurrentneedtoun-
derstandandstimulatestudentsintheirlearningprocesseswithintheSTEMdisciplines.Therefore,the
aimedbookaudiencearenotonlythoseinterestedinissuesrelatedtotheappliedSTEMdisciplines;
thecontentaddressed is informationof interest toSTEM-trainedteacherswhoaredirectly involved
in teachingscience insecondaryandhighereducation levels (forexample teachersofmathematics,
engineering,biology,medicine).Also,othereducationstakeholders(programandeducationalpolicies
managers,educationalpsychologists,vocationalcounselors,educationalresearchers,etc.)canbenefit
fromthereadingscontainedinthisdocument.

Regardingcontent,thisbookhas25chapterswrittenbyauthorswithteachingoreducationalresearch
experienceinscienceteachingandlearning.Eachchapter,inaself-containedmanner,addressesare-
flection,investigationorcasedirectlyappliedtosecondaryorhighereducation.Thereaderscanread
thisbookchapterbychapter,orfromthesectionthattheyfindmoreinterestaccordingtothefollowing
thematicdescription:

CHAPTER 1: TRAINING EDUCATIONAL RESEARCHERS 
IN SCIENCE AND MATHEMATICS – A CASE STUDY 
THROUGH A BINATIONAL WORKSHOP MEXICO-UK

Thischapterplacesthegreatcontextualframeworkinwhichthisbookwasdevelopedthroughtheproject
“TrainingdirectedtoResearcherswithInterestinScienceandMathematicsEducation.”Specifically,this
chapterpresentsthecasestudyoftheconstructionofknowledgethatwasgeneratedthroughtheproject
whereparticipatingstudentshadtheexperienceofbuildingknowledgecreatingaresearchpaper.The
casepresentstheoreticalconceptualizationsoftheconstructionofknowledgeinstudentsfromdoctoral
programs,contextualdescriptionofparticipantsandtheproject,theprocessofconstructionofknowledge
ofparticipatingstudentsthroughtheworkshopexperience,theprocessesbyparticipatingteachersand
networkingopportunitiesthatopenfromtheproject.

xxi
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CHAPTER 2: USING MODELING AND SIMULATION TO LEARN MATHEMATICS

Thischapterpresentsastudytoshowtheimportanceforfutureengineersandstudentsinaclassof
mathematicsatauniversitylevelthatexpandingtheirvisionoftheuseofmathematicalconceptsin
everydaylifesituationshas.Forseveralyears,thecommunityofMathematicsEducationhasreported
that theadvantagesoflearningmathematicsarelinkedwiththerealityofstudents; thischapterisa
contributioninthatdirectiontoemphasizetheimportanceofnotonlytomathematicallymodelasocial
realitybuttosimulateitthroughthespecificuseofcertaintechnology.Introducingamoreholisticap-
proachtolearningscienceandmathematicsisoneofthepointsofinterestinthischapter.Ahighlight
isthedynamicmodelingofsocialsystems,wherethehumanbeingisafundamentalpart,whichcan
beintroducedtofutureengineersfromaperspectivethatbringsintoplaynotonlythedevelopmentof
theirmathematicalskillsbutotherequallyimportantskills,suchassystemicthinking,communication,
teamworkandcriticalthinking.

CHAPTER 3: TEACHERS AND MATHEMATICAL 
MODELING – WHAT ARE THE CHALLENGES?

Mathematicalmodelinghadbeenan important topic inMathematicsEducation.Evidence from re-
searchallovertheworldhadshownthemathematicalmodelingbenefitsinthelearningofmathematics
applicationsindifferenteducativelevels.Studiesnowtrytounderstandhowmathematicalmodeling
canbeincorporatedintheteachers’dailypractices.Theaimofthischapteristoproposeaninnovative
methodologythathelpsteacherslearnaboutmathematicalmodelingandputit intopracticeintheir
classrooms.Thechapteranalyzestheteachers’conceptionsandtheirchangesduringacollaborative
workwiththeresearcher.

CHAPTER 4: DATA LITERACY AND CITIZENSHIP – 
UNDERSTANDING “BIG DATA” TO BOOST TEACHING 
AND LEARNING IN SCIENCE AND MATHEMATICS

STEMeducationcannotbedetachedfromthesetofbroaderdevelopmentsoccurringincontemporary
society.Withthispremiseinmind,thischapterexploresthewaysinwhicheducatorscanembracea
sociologicalapproachtoBigDatatocomplementtheirteachingmethodsindisciplinessuchasScience
andMathematics.BigDataisdeemedtobearatherabstractandcomplexconcept,butdespitethis,it
appearstobesolidlyingrainedinpractices,logics,cultures,andinstitutionsrelatedtobusiness,finance,
information, government, or health. Within these spheres, computational data becomes essential to
generatingtheinsightthatsubsequentlyinformsdecision-makingatdifferentlevelsofsociety.Asmod-
erneducationseekstoempowerpupilsthroughinsightthatcanbeturnedintoactionableknowledge,
dataliteracyishighlyvaluedbyemployersinvarioussectors.Itappears,therefore,thattoimprovethe
currentratesofdataliteracyamongstScienceandMathematicsstudents,educatorsshoulduseablend
ofinstrumentalapproachesandcriticalthinkingwhenteachingtheirsubjects.Thischapterintendsto
providesomeguidelinesandhighlightsaseriesofchallengesthatemergefromanarrowunderstanding
oftheprinciplesunderpinningBigDataintheteachingofSTEMdisciplines.
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CHAPTER 5: FINANCIAL LITERACY – GAPS FOUND BETWEEN MEXICAN 
PUBLIC AND PRIVATE, MIDDLE, AND HIGH-SCHOOL STUDENTS

Thischapteraddressestheuseofmathematicsinreal-worldcontexts;specifically,inthesolutionof
financialproblems.Thelackoffinancialliteracyisamatterofconcernsinceithasbeenidentifiedas
oneofthemainreasonsbehinddebtaccumulation,savingandinvestmentshortages,aswellasother
financialpitfalls.ThestudyissetinMexico;however,alackoffinancialliteracyisnotanissueonly
inemergingeconomies;consumersindevelopedeconomiesalsofailtodemonstrateastrongfinancial
competence.Financialliteracyistheconfluenceoffinancialknowledge,attitudes,andbehaviorsrequired
tomakefinanciallyresponsibledecisionsandtosolvefinancialproblems;ithasanimpactonthedaily
decisionsofanindividual,frombalancingabudgettosavingforretirementand,inconsequence,affects
theindividual’sfinancialwell-being.Resultsfromtheresearchstudypresentedinthischapterdescribe
thefinancialliteracyfoundonagroupofMexicanstudentsfromtwoeducationallevels(middleschool
andhighschool)andtwoeducationalsystems(publicandprivate).Resultsofferadescriptionandanalysis
oftheneedsandgapsfoundonparticipants’financialliteracy.

CHAPTER 6: A PROJECT-BASED LEARNING APPROACH – DEVELOPING 
MATHEMATICAL COMPETENCES IN ENGINEERING STUDENTS

Thescopeandstyleofteachingmathematicschangeasthetechnologychanges.Themultiplicityof
teachingstrategies,beyondtheclassroomandawayfromtheteacher,opensupnewterritoriesforeduca-
tion.Thetrendtowardincreasingthetechnologycomponentinengineeringcurriculaispartofaneffort
tobetterpreparegraduatesforengineeringpractice.Project-basedlearning(PBL)isaninstructional
methodinwhichstudentslearnarangeofskillsandsubjectmatterintheprocessofcreatingtheirown
projects.Sometimes, theseprojectsaresolutionstoreal-worldproblems.Studentscanaccomplisha
hands-onprojectinasingleenvironment,andtheycanusetheseskillswhentheymovetotheindustry.
Itisfalsethattechnologyhaschangedhumanbeings’fundamentalcapacitiestolearniflearningisun-
derstoodinpurelycognitivistterms.Buttherehasbeenaprofoundchangeonhowideasandpractices
arecommunicated,andwhatitmeanstobeaknowledgeableorcapableperson.Inthisway,theuse
ofteaching-learningstrategiesusingtechnologiestoolsissupportforstudentswhentheyareraisedto
generatetheirknowledgeanddevelopindependentlearningstrategies.

CHAPTER 7: DIDACTIC SEQUENCES TEACHING MATHEMATICS 
FOR ENGINEERS WITH FOCUS ON DIFFERENTIAL EQUATIONS

Inthischapter,theauthorsdesignadidacticalactivitythathelpstoanswersomequestionsthatengi-
neeringstudentsask:howcanweusemathematicsinourengineeringtraining?,wherecanweapply
them?Thedidacticalactivityisbasedonmathematicalmodeling,analyzingspecialtytrainingcourses
focusingoncircuitsanddifferentialequations.ConsideringtheAnthropologicalTheoryofDidactics
(ATD)andimplementingamethodologywithinit,theauthorsanalyzedthemathematicalmodelsofan
RCcircuitmergedinthesubjectofdifferentialequations.Thus,alinkwiththecourseofcircuitswas
formed,showingtotheengineeringtraineesthatmathematicscansolveproblemsinanon-mathematical
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context,thusansweringtheinitialquestionsthestudentshaveontheapplicationofmathematicsinen-
gineering.Theseactivitieshelpthestudentstounderstandthatmathematicsisatoolthattheycanwield
tosolvedifferenttypesofengineeringapplications.Inthismanner,whentheyreachtheindustrythey
canidentifymathematicsintheirworkspace,providingabetterunderstandingofengineeringproblems
andbeingabletoproposeinnovativesolutionsusingmathematics.

CHAPTER 8: MAKING LINKS BETWEEN SOLUTIONS TO AN UNSTRUCTURED 
PROBLEM – THE ROLE OF PRE-WRITTEN, DESIGNED STUDENT RESPONSES

Developingstudents’metacognitivestrategiesandunderstandingsofconceptsunderlyingproblemsis
keytostudents’successinsolvingunstructuredproblems.Studiessuggestthatencouragingstudentsto
makejudgmentsaboutvarioussolutionstrategiescanimprovetheircapacitytomonitorandregulate
theirsolution.Moreover,bymakingconnectionsbetweendistinctlydifferentapproaches,studentsmay
deepentheirunderstandingofunderlyingconcepts.However,studiesalsoindicatethatwithinoneclass,
therangeofmethodsproducedbystudentsmaybenarrowandnotincludemoresophisticatedapproaches.
Inevitablythiswill restrictboththeextentof theirevaluationofstrategiesandalsoopportunities to
noticehowdistinctstrategiesmaybelinkedbyinvariantpropertiesasonemoves,forexample,between
agraph,atable,andanalgebraicexpression.Thematerialsinthisstudyattempttomitigatethisissue.

CHAPTER 9: ASSESSING AUTHENTIC INTELLECTUAL 
WORK IN MATHEMATICS TASKS

Thischapterdealswithoneofthemostimportanttoolsforteaching:textbooks.Itanalysestheauthen-
ticintellectualworkthattasksrepresent:theconstructionofknowledge,disciplinedinquiry,andvalue
beyondschoolpromotedbythem.Thesixth-gradeMexicanmathematicstextbookwasanalyzed,which
isafreeandwidelydistributedbookinMexico.Findingsrevealchallengesinthewayinwhichtasks
areconnectedtostudents’livesaccordingtothecontexttheycomefrom.Thiscouldnurtureteachers’
decisionsinselectingandadaptingtextbooks’tasks,andthedevelopmentoffuturematerials.

CHAPTER 10: THE IMPORTANCE OF THE DISCIPLINARY 
PERSPECTIVE IN EDUCATIONAL RESEARCH

Inthischapter,theauthorsexploresomeaspectsofeducationasinfluencedbyparticulardisciplinary
perspectives.Inthefirstpart,theviewpointofPhysicstoexaminethelinkagebetweengeneraleduca-
tionalresearchanddiscipline-basededucationalresearchisused.Theauthorsinvestigatehowfindings
canbetranslatedbetweenthetwospheres,whysometransfersaresuccessful,andothersarenot,and
highlighttheimportanceofthedisciplinarycontext.Inthesecondpart,theauthorscontinuetousea
disciplinarycontext,thistimeinthefieldofMathematics,toexaminetheroleplayedbymathematical
modelingwithinthegeneralpedagogyofthediscipline.Theauthorsfindthatinbothcases,thewider
themesoftransfer,context,anddisciplinaryidentityhaveapowerfulinfluenceonthesuccess,oroth-
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erwise,ofeducationalinnovation.Theauthorsgivesomerecommendationsforhowsuchinnovations
canbeeffectivelydeveloped.

CHAPTER 11: LEARNING BIOLOGY WITH SITUATED LEARNING 
IN MEXICAN ZAPOTECA TELE-SECONDARY SCHOOLS

Inthischapter,theauthorexploresanalternativetotraditionalscienceeducationforindigenouscom-
munities.Situatedlearningisarecentpedagogicalalternativethataffordsthepossibilityofintegrating
thepupils’cultureandwaysofinterpretingtheworldwithinthecurricularaims.Thechapterexemplifies
howsituatedlearningcanbeappliedinMexicanindigenousclassroomsandanalyseshowithelpsstudents
learn,bemotivatedwhiletheylearn,andseetheimportanceofwhattheyarelearning.Thechaptercan
serveasaguideforadaptingcurricularcontentsindifferentcontextstomakethemculturallyresponsive
andtohelpindigenousstudentsunderstandtheimportanceoftheobtainedlearning.

CHAPTER 12: TRANSFORMATIONS OF THE CONCEPT OF 
LINEAR FUNCTION IN TECHNOLOGICAL HIGH SCHOOLS

Recentcurriculumstudiesintheeducationalmathematicsareahaveevolvedandbroadenedthescope
ofaction.Thischapterexploresthechangesbroughtaboutbytheimplementationofteachinglinear
functionsintheFunctionsandAlgebraicThinkingcourse;participantswerethreemathematicsteachers
whoworkinMexicanTechnologicalHighSchools,aneducationalmodalitythataffordsthestudents
abivalenttraining.Themainreasonsthatledtothedevelopmentofthisresearchare:1)thefactthat
mostofthecurriculumstudiesarenotusuallyfocusedononeobjectofknowledge;2)thefactthatthe
theoretical reviewshowedfewstudiescomingfromthismodality;and,3) thatmostof theresearch
developedonlinearfunctionareofcognitiveorhistoricaltype.Thischapterpresentstheresultsfound
intheresearch,aswellasposingthepossibilityofstrengtheningitwithfurtherresearchaboutthecur-
riculumintheeducationalmathematicsarea.

CHAPTER 13: MEASUREMENT INSTRUMENTS TO MOTIVATE 
SCIENTIFIC LEARNING BY CONCEPTUAL CHANGE

Thechapterisconcernedwithhowtomeasurescientificreasoning,motivation,andinterestofstudents
towardlearningscience,averyimportantsubjectinSTEMeducation.Teachersneedtoknowhowmo-
tivationaffectstheachievementoftheirstudents,andifthismotivationhasaninfluenceonscientific
reasoning,toimproveandprovidenewscienceteachingtechniques.Thisinvestigationattemptstofind
outifstudentscandiscerniftheyhavemisconceptionsornon-scientificideasaboutsciencetopicsto
makeaconceptualchangeofthoseideas,howmotivationinfluencesthischange,andifthestudentcan
makethischangewhenpresentedwithhighscientificreasoning.
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CHAPTER 14: TEST DESIGN TO ASSESS THE QUALITIES 
OF SCIENCE STUDENTS’ PRIOR KNOWLEDGE

STEMEducationinvolvesprocesseslikelearning,whichincludesacomplexmultifactorialrelationamong
variables,whichcanbesocial,culturalandindividual.Thepriorknowledgethatastudenthasbeforea
learningtaskisoneofthemostimportantindividualvariablesrecognizedinmanystudies.Thischapter
presentsthedesignofaninstrumentthatmeasurestheinherentqualitiesofdeclarativepriorknowledge:
correct,incompleteandincorrectknowledge.Thisinstrumentwouldhelptoevaluatetheseparateeffect
oftheinherentqualitiesofthelearningprocess.Thecontentsofknowledgetobeevaluatedarerelated
tothesubjectofelectricityandmagnetismforthedomainsofelectrostaticstocoverpartofthesyllabi
forengineeringstudents.

CHAPTER 15: ARGUMENTATION SCHEMA TO ANALYZE 
HIGH SCHOOL STUDENTS’ SCIENTIFIC REASONING

Akeyobjectiveofthescienceteacheristocontributetothetaskofmotivatingstudentstodeveloptheir
scientificthinkingtounderstandandinterpretdifferentnaturalphenomenawiththeintentionofsolving
specificproblems.Thischapterintroducesthereadertothestudyofdevelopingargumentationschemas
inaclassroomsituation,contributing to thegenerationofstudent´sscientific reasoning. Itprovides
teachersintheareaofphysicalsciences,andresearchersintheareaofteachingphysicswithatheoretical
frameworktheycanusetodescribe,analyzeandmodelstudent´sreasoninginaspecificclassenviron-
ment.Thedisciplinarycontextinwhichthisresearchisdoneisthekinematictheory.

CHAPTER 16: ACCURATE ITEMS FOR INACCURATE 
CONCEPTIONS IN UNDERGRADUATE PHYSICS STUDENTS

Thepsychometricanalysisofconceptualtests,surveys,andinventoriesprovidesrelevantinformation
abouttheirstructureandusefulness.Nevertheless,itisalsonecessarytobearinmindthatthestudent
samplewhichistakingthesetestsmightnotalwaysbeinthesameacademicsituations,nottomention
socialorculturalenvironmentsaswell.Therefore,itisreasonabletoconsiderthatapsychometricanalysis
isneededdependingonthestudentpopulationinwhichacertainsetofitemsisapplied.Inthischapter,
theauthorsstudythestatisticalcharacteristicsof14questionsoftheConceptualSurveyofElectricity
andMagnetism(CSEM),basedontheadministrationsthathavebeendoneduringthepastyearsto5397
studentsattheendoftheirsemestertakingtheundergraduatecourseofElectricityandMagnetismat
aprivateuniversityinthenorthofMexico.Thisallowstheauthorstoproposemodificationstocertain
items,ifnecessary,toensurethattheyfittheacademicrequirementsforthetypeofcoursethetestwas
designedforandhaveaninventoryasindependentofthesampleaspossible.
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CHAPTER 17: A LOOK INTO STUDENTS’ 
INTERPRETATION OF ELECTRIC FIELD LINES

Inthischapter,theauthorsaimtoidentifyhowstudentsinterpretelectricfieldlinediagramsandtheef-
fecttheirinterpretationsmayhaveontheconceptualunderstandingoftheelectricfield.Thisisessential
inteachingsciencesincemanystudentswhopursueundergraduatedegreesinSTEMtakeacourseof
electricityandmagnetismintheirsecondyearofuniversity.Inthiscourse,studentsfacethechallenge
ofunderstandingsomeabstractconcepts,includingtheelectricfield,oneofthemostfundamentalcon-
ceptsinthestudyofelectrodynamicsattheundergraduatelevel.Byidentifyinghowstudentsinterpret
thedifferentrepresentationsoftheelectricfield,instructorscanmakeinformeddecisionsabouthowto
teachthecontentofthistopicandhowtoaddressstudents’difficultiesinlearningtheconcept.

CHAPTER 18: RESEARCH-BASED STRATEGIES IN AN ELECTRIC 
CIRCUITS LAB – TUTORIALS AND REALTIME PHYSICS APPROACHES

Theimportanceoftheuseoftechnologyineducationhasbeenincreasingexponentiallyinthelastde-
cades.LiteraturerelatedtothestudyofSTEMeducationconcludesthattheintegrationoftechnology
ineducationonaneverydaybasishelpsstudentsstayengaged,givesstudentstheopportunitytointeract
withtheirclassmatesbyencouragingcollaboration,andisagreatwaytoreachanadequateunderstanding
oftheconcepts.Theengineeringstudentswholearnhowtomanipulatetechnologyandworkinteams
aremorepreparedforthechallengesintheirprofessionalpractice.Technologyhelpsstudentstakemore
controlovertheirlearning,tolearntomaketheirdecisionsandtobemorereflectiveoftheirpractice.
Incorporatingtechnologyinaphysicslaboratoryforengineeringstudentsisbeneficialinseveralways:
toimproveconceptuallearning,todeveloptechnologyskillsand,todevelopcollaborativeskills.This
researchpresentsevidencethatwhenstudents,guidedbyresearch-basedstrategies,usedifferenttypes
oftechnologysuchascomputersandcalculatorswithprobestocollectdataofdifferentphenomenain
thephysicslaboratory,theyachievebetterconceptuallearning,technology,andcollaborationskills.

CHAPTER 19: INTEGRATION OF DIGITAL TECHNOLOGIES – 
COLLABORATIVE PRACTICES IN TEACHING MATHEMATICS

Promotingcollaborativepracticesamongelementaryschool teachersbycultivatingacommunityof
practiceintheareaofteacherprofessionaldevelopmentandfromclassroomcontexts,affectstheirthink-
ingonhowtointegratedigitaltechnologies(DT)totheirpracticeofteachingmathematics.Thechapter
explainshowacommunityofpracticeimprovesinstitutionalpracticesandinfluencesthelearningprocess
ofstudentsandhowtheteachermodifiesandadaptsexistingdigitalresourcestocontextualizetheneeds
oftheirstudents.ItalsoshowsthewaystheteacherusesDTasareplacementfornon-digitaltechnolo-
giesandsometimesamplifiestheirpotentialwithoutasubstantialmodificationofteachingresources
andteachingpractices,andhowtheteachercaresaboutacquiringspecializedknowledgetounderstand
andconstructmathematicalknowledgeforteaching.Theauthorarguesthatitisnecessaryforteachers
toknowthecriteriatoselectrelevantdigitallearningresourcesandmakeadjustmentsdependingonthe
constraintsinthreedimensions:technological,pedagogicalandcontent.Thereisscarceresearchtofol-

xxvii



Preface

lowuptheelementaryschoolteacherinacycleofimprovingtheirteachingpracticefromdesign-based
research,fromafoundationwithprimarysourcesconstructedfromagroupframewithteachersand
throughadevicethatnourishestheconceptualizationwhiletechnologicalinnovationoccurs.

CHAPTER 20: THE EFFECTIVENESS OF COMPUTER-AIDED ASSESSMENT 
FOR THE PURPOSES OF A MATHEMATICAL SCIENCES LECTURER

Judgingwhetheranassessmenttooliseffectiveornotisadifficulttask.Whiletheliteratureoffersex-
amplesofassessmentsthatareformative,forexample,theoutcomesarepresentedasabsolute.Thatis,
suchstudiesimplythatanassessmenttoolisformativeornotformative.Inpractice,whetheranassess-
mentiseffectiveornotdependsonthecontextinwhichitisused,howitisused,andwhattheteacher
wishestoachieve.Theeffectivenessofcomputer-aidedassessmentforthepurposesofamathematical
scienceslecturerdetailstheprocessbywhichamodelforeffectiveassessmentwasusedtodetermine
howeffectiveanassessmenttoolhadbeenforsixlecturerstestingtheirmathematicsandengineering
students.Itexemplifiestheneedtoconsidercontextandaimswhenjudgingtheextenttowhichanas-
sessmenttoolhasbeeneffective.Bypresentingthemodelforeffectiveassessmentandexamplesfrom
thecomputer-aidedassessmentstudy,thechapterprovidesablueprintforpractitionerstoreflectupon
anddeveloptheirassessmentpracticesandneeds.

CHAPTER 21: CONSTRUCTION OF THE DEFINITE INTEGRAL 
CONCEPT USING OPEN SOURCE SOFTWARE

Thischapterprovidesalearningactivityfortheconstructionofthedefiniteintegralconcept.Theproblem
tobesolvedisaneverydaysituationthatinvolvesthreedifferentmomentsofacyclistwhotravelsina
mountainousarea.TheGeogebrasoftwareisusedtoprovidegraphicalvisualization,fastcalculations
andstudentinteractionwiththelearningactivity.TheGeoGebrafileisdesignedwithbuttonstotrigger
actionsandmovebetweenviews.Theimmediatedisplayofactionsimplementedinthesoftwareallows
thestudentsfocusontheassimilationofconcepts.

CHAPTER 22: CONTEXT AS ACTION IN THE TEACHING OF 
STATISTICAL CONCEPTS – AN ACTIVITY THEORY PERSPECTIVE

Thischapterconsiderstheconceptof‘context’inthecaseofteachingstatisticsatuniversitylevel.The
studyusesobservationsoflecturesandtakesaCultural-HistoricalActivityTheory(CHAT)perspective
tosituatetheteachingofstatisticswithintheactivityoflearning.‘Context’intheeducationalliterature
mayrefertothebackgroundorsituationthatisrepresentedinanexampleortaskandalsototheedu-
cationalsetting,pedagogicalorlearningenvironment(e.g.curriculum).Further,instatistics,thepur-
poseofinvestigationsistolearnmoreaboutarealsituationorcontext.Finally,‘context’hasalsobeen
conceptualizedmorebroadlyasacollectionoffactorsthatframethestructureandmeaningofhuman
actions.Thischapter,therefore,usesCHATtocharacterizethe‘context’ofstatisticslecturers’teaching
practices,e.g.inlecturetheaters,institutionalpractices,andsocietyaswellastheroleof‘context’inthe
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teachingofstatisticsatuniversity.Thischapterseekstoshowhow‘context’intheselecturesincluded
individual,socialexperiences,historicalconceptions,artifactsandhumaninteractionstosupportlearn-
ingthroughactualizingstatisticalconcepts,achievedthroughcontextualizedrepresentationsandalso
abstractgeneralizations.

CHAPTER 23: STATISTICS IN JOURNALISM 
PRACTICE AND HIGHER EDUCATION

Sciencecommunicationisnowadaysatthecenterofscienceandtechnologyresearch.Itnolongercan
beconsidered,asitwasinthepast,anauxiliaryelementoftheprocessofinvestigationandresearch.
Thecomplexityoftheemergingnewmediaecologyandtheembeddednessofscienceintothepublic
spherewhereisnowconstantlybeingscrutinizedbythemedia,politiciansandthepublicatlarge,pres-
entsseriouschallengesforScience,Technology,EngineeringandMathematicsasknowledgeareas.In
thiscontext,statisticsareprominentlyfeaturedinmostnewsstoriesaboutSTEM,yetmostcitizensand
manynewsreportersdonothavetheknowledgerequiredtoreadthemcriticallyoranalyzeandusethem
inameaningfulmannerintheirworkortheirlives.Theresultisthatthepublicisoftenill-informed
aboutthestatisticsthatunderpinscientificandtechnologicalnarrativesasitisthecaseofGMfood
andglobalwarming.Thechapterexploresthereasonsforthesegapsanddiscussespedagogicaland
strategicapproachestofillthosegaps.Insodoing,itlooksattheroleofthenewsmediaingeneraland
inparticularthatofjournalismeducationinaddressingtheseissuestobuildbridgesbetweenSTEM
andthepublicatlarge.

CHAPTER 24: UNDERSTANDING QUALITY OF STATISTICS IN NEWS STORIES 
– A THEORETICAL APPROACH FROM THE AUDIENCE’S PERSPECTIVE

Thischapterprovidestheoreticalinsightabouttheimportanceofimprovingaudienceresearchinthe
understandingofstatisticsasvehiculatedinthemedia.Thereisalackofresearchonhownumbers,
quantifiedinformation,andstatisticsareunderstoodbyawideaudience.Suchurgencyisnotonlyrel-
evantforMediaandCommunicationscholars,butalsoforthoseinvolvedinEducationwithaparticular
focusonmathematicsandtechnology.Thechapteralsoaddressesthenotionof“quality”andreviews
themostupdatedliteratureinthefield,withparticularemphasisonhowtheconceptof“quality”canbe
successfullyappliedtostatistics.“Quality”ishistoricallyconsideredakeyconceptbothforthewell-
functioningofsocietyandintheinformationexchangebetweenreadersandinformationproducers,such
asthejournalistsor,asinthecaseofthisbook,teachers,andeducators.Thechapterraisesawareness
onthetopicandprovidesacriticalanalysiswiththeaimofhelpingresearcherstofostertheiranalytical
skillsintheareaofmathematicsandscienceseducation.
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CHAPTER 25: THE USES OF SCIENCE STATISTICS 
IN THE NEWS MEDIA AND ON DAILY LIFE

In2009anExpertGrouponScienceandtheMediawascreatedaspartoftheUK’sScienceandSociety
Strategy.Oneofthemajorfindingsoftheirreportwasthatscientistshouldbettercommunicatetheir
researchandscienceamongcitizens.Inthisresearch,theauthorreflectsononekeyfactorwithinthe
processofsciencecommunication:data.Itquestionstheuseofstatisticaldataasanobjectifyingtool
whilewritingaboutscience.Theunderstandingofscience,statistics,andmediainterplayiscrucialto
makerationaldecisions,togainawarenessofthesignificanceofspreadingscientificknowledgeandin-
formationastoensurethatscienceadequatelyinfluenceondailylife.Withinthisframework,thischapter
provestheimportancetocommunicatesciencestatisticsasitisessentialtothepublicunderstanding
ofscienceandthereforetothedecision-makingprocesses.Sciencehasasignificantimpactonsociety
anddailylifeandthereforeitisimperativetounderstanditsfundamentalsandhowitsinformationis
mediated.Undeniably,scientificknowledgeisvaluabletohumanity.Therefore,whencommunicating
anddisseminatingscienceinformation,journalistsarecontributingtothescientificliteracyofcitizens.
Thischapterquestionsthiscontributioninthenewsmediaandondailylife.

CONCLUSION

Thediversityofthemes(research,essays,learningmodels)inbothcontentanddisciplines(mathemat-
ics,scienceeducation,educationalassessment,etc.)addressedinthisbookallowthereadertohavea
bodyofknowledgeandapplicabletoolsforeverydayteaching.Thesecontributions,rangingfromthe
developmentofeducationalprojectsintheclassroomapplicabletoindustrytotheexemplificationof
howtointegrateeducationalresearchtospecificproblems,makethisdocumentanenrichingreadingfor
referenceofalleducationalstakeholders.Thecontentsofthisbooknotonlyhelptodisseminatepractical
workintheeducationalareaoftheSTEMdisciplinesbuttheirapproachfromadifferentperspective
-offeringspecificcontenttoeachschoolcasebutgeneraltotheareaofteachingandlearning-allowsan
overviewthatbringsthereader,evenifnotspecializedoneinaparticulardiscipline,closertoadeeper
understandingoftheimportanceofthepreparationofhumanresourcesintheSTEMdisciplines.This
book,becauseofitsfriendlylanguage,isaneasytransitchannelforeffectivecommunicationbetween
teacherspractitioners,educationalresearchersandhighlyskilledprofessionalsinterestedinworkingin
STEMeducation.

InaccordancewiththewordsofGlennTheodoreSeaborg:“Theeducationofyoungpeopleinscience
isatleastasimportant,maybemoreso,thantheresearchitself”(http://www2.lbl.gov/Science-Articles/
Archive/seaborg-quotes-own.html), it is with this book we leave an invitation to continue growing
scientificallyinpromotingskillsinresearcherswithcriticalanalysis,proactiveandwithinternational
visionandsupportingresearchandinnovationnetworkstoworktogetheronintellectualgrowthandto
seekopportunitiesinanintegratedresearchandpublications.

María-Soledad Ramírez-Montoya 
Tecnologico de Monterrey, Mexico
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