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​Abstract:​​This​​paper​​presentation​​examined​​how​​preservice​​teachers’​​lesson​​plans​​aligned​​with​
​effective​ ​technology​ ​integration.​ ​Nineteen​ ​elementary​ ​preservice​ ​teachers​ ​planned​ ​two​
​mathematics​ ​lessons​ ​that​ ​integrated​ ​technology.​ ​Data​ ​analysis​ ​included​ ​coding​ ​categories​ ​for​
​technology​ ​integration​ ​and​ ​problem​ ​solving.​ ​Results​ ​indicated​ ​preservice​ ​teachers​ ​passively​
​integrated​ ​technology​ ​into​ ​their​ ​mathematics​ ​lessons.​ ​Further,​ ​results​​showed​​that​​the​​problem​
​solving​ ​tasks​ ​preservice​ ​teachers​ ​used​ ​were​ ​passive​ ​and​ ​did​ ​not​ ​support​ ​students’​ ​active​
​engagement with the mathematics concepts.​
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​B​​ACKGROUND​​AND​ ​P​​URPOSE​

​Professional​ ​organizations​ ​have​ ​recognized​ ​the​ ​value​ ​of​ ​integrating​ ​technology​ ​into​
​mathematics​ ​instruction​ ​(see​ ​AMTE,​ ​2022;​ ​NCTM,​ ​2023;​ ​NCSM,​ ​2024).​ ​Although​ ​these​
​perspectives​ ​support​ ​the​ ​integration​ ​of​ ​technology,​ ​preservice​ ​teachers​ ​(PSTs)​ ​continue​ ​to​ ​feel​
​underprepared​ ​to​ ​effectively​​integrate​​technology​​into​​their​​mathematics​​instruction​​(Meaney​​et​
​al.,​ ​2023).​ ​Thus,​ ​the​ ​purpose​ ​of​ ​this​​paper​​presentation​​was​​to​​examine​​how​​PSTs​​lesson​​plans​
​align with effective technology integration.​

​L​​ITERATURE​ ​R​​EVIEW​

​With​ ​the​ ​increased​ ​focus​ ​on​ ​technology​ ​integration​ ​in​ ​mathematics​ ​education,​ ​it​ ​is​
​important​​to​​examine​​how​​PSTs​​integrate​​technology​​in​​their​​lesson​​planning.​​The​​Technological​
​Pedagogical​ ​Content​ ​Knowledge​ ​framework​ ​(TPACK;​ ​Herring​​et​​al.,​​2016;​​Mishra​​&​​Koehler,​
​2006)​ ​describes​ ​the​ ​relationship​ ​of​ ​teachers’​ ​knowledge​ ​of​ ​technology,​ ​pedagogy,​ ​and​ ​content​
​and​​how​​it​​supports​​student​​learning.​​This​​study​​uses​​this​​framework​​as​​a​​lens​​to​​examine​​PSTs​
​integration​​of​​technology​​into​​mathematics​​lesson​​plans.​​Prior​​studies​​have​​used​​this​​framework​
​to​ ​examine​ ​PSTs​ ​mathematics​ ​lesson​ ​plans​ ​(Kartal​ ​&​ ​Çınar,​ ​2024;​ ​Meagher​ ​et​ ​al.,​ ​2011;​
​Sarlar-Aras​ ​&​​Türker-Biber,​​2024).​​For​​example,​​Meagher​​et​​al.​​(2011)​​conducted​​a​​study​​with​
​22​ ​PSTs,​ ​and​ ​found​ ​that​ ​PSTs​ ​technology​ ​integration​ ​in​ ​mathematics​ ​lesson​ ​plans​ ​were​
​ineffective​ ​and​ ​often​ ​teacher-directed.​ ​Similarly,​ ​Kartal​ ​&​ ​Çınar​ ​(2024)​ ​reported​​that​​when​​six​
​PSTs​​integrated​​technology​​into​​mathematics​​instruction,​​they​​struggled​​to​​use​​the​​technology​​to​
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​support​ ​student​ ​inquiry​ ​and​ ​would​ ​use​ ​teacher-centered​ ​strategies.​ ​The​ ​current​​study​​builds​​on​
​these findings by further examining how PSTs integrate technology into mathematics lessons.​

​This​​study​​extends​​Meagher​​et​​al.’s​​(2011)​​work​​by​​utilizing​​their​​categories​​of​​“Active,”​
​“Neutral,”​ ​and​ ​“Passive”​ ​as​ ​a​ ​lens​ ​to​ ​examine​ ​how​ ​PSTs​ ​lesson​ ​plans​ ​aligned​ ​with​ ​effective​
​technology​ ​integration.​ ​Meagher​ ​et​ ​al.’s​ ​categories​ ​operationalize​ ​the​ ​TPACK​ ​framework​ ​by​
​providing​ ​measures​ ​of​ ​how​ ​TPACK​ ​manifests​ ​in​ ​practice:​ ​“Active”​ ​integration​ ​reflects​ ​high​
​TPACK​ ​where​ ​technology​ ​is​ ​used​ ​to​ ​construct​ ​mathematical​ ​meaning;​ ​“Neutral”​ ​integration​
​indicates​ ​emergent​ ​TPACK​ ​where​ ​technology​ ​supports​ ​procedural​ ​understanding​ ​without​
​transforming​ ​the​ ​pedagogy;​ ​“Passive”​ ​integration​ ​demonstrates​ ​low​ ​TPACK​ ​through​ ​simple​
​substitution​ ​or​ ​rote​ ​memorization.​ ​These​​levels​​provide​​a​​structured​​way​​to​​examine​​how​​PSTs​
​integrate technology to support teaching and learning in mathematics.​

​Research​​has​​shown​​that​​technological​​tools,​​such​​as​​coding​​technologies​​(Kozlowski​​et​
​al.,​ ​2024;​ ​Emen-Parlatan​ ​et​ ​al.,​ ​2022)​ ​and​ ​digital​ ​math​ ​games​ ​can​ ​support​ ​students​ ​in​ ​their​
​mathematics​ ​learning​ ​(Moyer-Packenham​ ​et​ ​al.,​ ​2019;​ ​Falloon,​ ​2013).​ ​For​ ​example,​
​Emen-Parlatan​ ​and​ ​colleagues​ ​(2024)​ ​reported​ ​that​ ​when​​25​​preschool​​students​​interacted​​with​
​coding​ ​robots,​ ​they​ ​had​ ​an​ ​increase​ ​in​ ​their​ ​number​ ​relationship​ ​skills,​ ​showing​ ​that​ ​coding​
​technologies​ ​can​ ​support​ ​student​ ​learning​ ​in​ ​mathematics.​ ​In​ ​another​ ​study,​ ​over​ ​200​
​elementary-aged​​children​​interacted​​with​​12​​digital​​math​​games​​(Moyer-Packenham​​et​​al.,​​2019).​
​The​ ​digital​ ​math​ ​games​ ​had​ ​specific​ ​design​ ​features,​ ​such​ ​as​ ​linked​ ​representations​ ​(e.g.,​
​connecting​​images​​to​​symbolic​​representations)​​and​​linked​​physical​​actions​​(e.g.,​​tracing​​shapes),​
​that​​supported​​students​​in​​their​​mathematics​​understanding.​​With​​the​​potential​​for​​technology​​to​
​support​ ​student​ ​understanding​ ​of​ ​mathematics,​ ​PSTs​ ​need​ ​to​ ​be​ ​prepared​​to​​effectively​​choose​
​and​ ​integrate​ ​these​ ​technological​ ​tools​ ​into​ ​mathematics​ ​instruction.​ ​However,​ ​studies​ ​have​
​shown​ ​that​ ​PSTs​ ​are​ ​limited​ ​in​ ​their​ ​TPACK​ ​when​ ​planning​ ​mathematics​ ​lessons​ ​(Kartal​ ​&​
​Çınar,​ ​2024;​ ​Meagher​ ​et​ ​al.,​ ​2011),​ ​showing​ ​a​ ​need​ ​for​ ​further​ ​research​ ​on​ ​how​​to​​effectively​
​prepare PSTs to integrate technology.​

​M​​ETHODS​

​This​ ​study​ ​employed​ ​a​ ​multi-case​ ​study​ ​design​ ​(Halkias,​ ​et​ ​al.,​ ​2022;​ ​Yin,​ ​2018)​ ​to​
​examine​ ​how​ ​PSTs​ ​lesson​ ​plans​ ​aligned​ ​with​ ​effective​ ​technology​ ​integration.​ ​A​ ​multi-case​
​study​ ​design​ ​is​ ​characterized​ ​by​ ​having​ ​two​ ​or​ ​more​ ​cases​ ​within​ ​the​​same​​study​​to​​provide​​a​
​comprehensive​ ​understanding​ ​of​​how​​a​​phenomenon​​manifests​​across​​cases​​(Yin,​​2018).​​While​
​19​​cases​​exceed​​the​​typical​​sample​​size​​for​​a​​single-subject​​case​​study,​​this​​design​​is​​appropriate​
​because​​each​​instructional​​artifact​​is​​treated​​as​​a​​distinct​​unit​​of​​analysis,​​allowing​​for​​an​​in-depth​
​investigation​ ​(Lichtman,​ ​2023)​ ​into​ ​how​ ​PSTs​ ​TPACK​ ​manifests​ ​in​ ​their​​lesson​​planning.​​By​
​utilizing​ ​a​ ​multi-case​ ​framework,​ ​this​ ​study​ ​captures​ ​the​ ​complexities​ ​of​ ​individual​ ​PST​
​decision-making​​while​​allowing​​for​​a​​cross-case​​synthesis​​to​​identify​​broader​​patterns​​of​​TPACK​
​development​ ​across​ ​the​ ​cases.​ ​This​ ​study​ ​was​​guided​​by​​the​​following​​research​​question:​​How​
​do PSTs lesson plans align with effective technology integration?​

​P​​ARTICIPANTS​ ​AND​ ​P​​ROCEDURES​
​Nineteen​ ​elementary​ ​PSTs​ ​were​ ​recruited​ ​from​ ​two​ ​different​ ​semesters​ ​in​ ​an​

​asynchronous​ ​math​ ​methods​ ​course​ ​from​ ​a​ ​university​ ​in​ ​the​ ​Western​ ​United​ ​States.​ ​While​
​participant​ ​demographics​ ​were​ ​not​ ​collected,​ ​university​ ​demographics​ ​reflect​ ​majority​ ​white​
​students​ ​(72%)​ ​who​ ​identify​ ​as​ ​female​ ​(57%).​ ​PSTs​ ​in​ ​this​ ​study​ ​first​ ​completed​ ​a​ ​learning​
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​module​​about​​coding​​technologies​​and​​created​​a​​lesson​​plan​​that​​integrated​​a​​coding​​technology​
​into​ ​a​ ​mathematics​ ​lesson.​ ​Then,​ ​PSTs​ ​completed​ ​a​ ​learning​ ​module​​about​​digital​​math​​games​
​and​​created​​a​​lesson​​plan​​that​​integrated​​a​​digital​​math​​game​​into​​a​​mathematics​​lesson.​​Learning​
​modules were one to two weeks long and were part of PSTs regular coursework requirements.​

​D​​ATA​​S​​OURCES​ ​AND​​A​​NALYSIS​​ ​
​Data​​sources​​for​​this​​study​​included​​two​​lesson​​plans​​from​​each​​PST,​​one​​for​​integrating​

​coding​ ​technologies​ ​and​ ​one​ ​for​ ​integrating​ ​digital​ ​math​ ​games.​ ​A​ ​within-case​ ​analysis​ ​(Yin,​
​2018)​ ​was​ ​conducted​ ​by​ ​evaluating​ ​each​ ​of​ ​the​ ​lesson​ ​plans​ ​individually​ ​using​ ​Meagher​ ​and​
​colleagues’​ ​(2011)​ ​“Implementation​ ​of​ ​Technology”​ ​and​ ​Quality​ ​of​ ​Problem-Solving”​ ​rubrics.​
​These​​rubrics​​categorized​​PST​​performance​​into​​levels​​to​​operationalize​​the​​TPACK​​framework:​
​“Active”​ ​(i.e.​ ​high​ ​TPACK;​ ​tools​ ​used​ ​to​ ​construct​ ​mathematical​ ​meaning),​ ​“Neutral”​ ​(i.e.​
​emergent​ ​TPACK;​ ​technology​ ​used​ ​for​ ​procedural​ ​practice),​ ​and​ ​“Passive”​ ​(i.e.,​ ​low​ ​TPACK;​
​technology​ ​used​ ​for​ ​rote​ ​memorization).​ ​Additionally,​ ​a​ ​“None”​ ​category​ ​was​ ​added​ ​for​​cases​
​that​ ​did​ ​not​​connect​​the​​technology​​to​​mathematics​​content​​or​​did​​not​​integrate​​technology​​into​
​the​ ​lesson,​ ​representing​ ​a​ ​significant​ ​gap​ ​in​ ​PSTs​ ​Technological​ ​Pedagogical​ ​Knowledge.​ ​To​
​identify​ ​overarching​ ​themes,​ ​a​ ​cross-cases​ ​analysis​ ​(Halkais,​ ​et​ ​al.,​ ​2022;​ ​Yin,​ ​2018)​ ​was​
​conducted​ ​by​ ​“quantitizing”​ ​qualitative​ ​categories​ ​(Saldaña,​ ​2021)​ ​and​ ​calculating​ ​frequencies​
​across​ ​all​ ​cases.​ ​These​ ​frequencies​ ​were​ ​then​ ​visualized​ ​in​ ​a​ ​bar​ ​graph​ ​to​ ​provide​ ​a​ ​clear,​
​synthesized summary of PSTs’ technological and pedagogical decision-making.​

​RESULTS​

​W​​ITHIN​​-C​​ASE​ ​A​​NALYSIS​​: C​​ASE​​-L​​EVEL​ ​F​​INDINGS​
​In​​cases​​coded​​as​​“Active,”​​high​​levels​​of​​TPACK​​were​​demonstrated​​through​​integrating​

​technology​ ​that​ ​supported​ ​a​ ​deep​ ​understanding​ ​of​ ​mathematics​ ​content.​ ​For​ ​example,​ ​in​ ​a​
​coding​​lesson​​case,​​students​​were​​tasked​​with​​“programming​​a​​sprite​​to​​reflect​​over​​a​​vertical​​or​
​horizontal​​line,”​​requiring​​them​​to​​apply​​geometric​​transformations​​within​​in​​the​​code.​​Similarly,​
​in​​an​​“Active”​​digital​​math​​game​​lesson​​case,​​students​​were​​required​​to​​“explain​​the​​concepts​​or​
​compare​ ​mathematics​​across​​different​​games,”​​shifting​​the​​focus​​from​​simply​​playing​​the​​game​
​to reasoning and explaining mathematical concepts.​

​Cases​​identified​​as​​“Neutral”​​showed​​an​​emergent​​level​​of​​TPACK​​where​​technology​​was​
​integrated​ ​to​ ​support​ ​procedural​ ​understanding.​ ​In​ ​a​ ​coding​ ​lesson​ ​case,​ ​an​ ​element​ ​of​
​problem-solving​ ​was​ ​added​ ​when​ ​students​ ​were​ ​asked​ ​to​ ​“predict​ ​outputs​ ​before​ ​running​ ​a​
​program,”​ ​but​ ​the​ ​core​ ​task​ ​remained​ ​a​ ​step-by-step​ ​procedure.​ ​In​ ​a​ ​digital​ ​math​ ​game​ ​lesson​
​case,​ ​students​ ​were​ ​asked​ ​to​ ​complete​ ​“partner​ ​work​ ​to​ ​practice​ ​skills,”​ ​but​ ​the​ ​game​ ​itself​
​functioned as an engagement tool rather than a space for new conceptual understanding.​

​“Passive”​ ​cases​ ​reflected​ ​low​ ​TPACK,​ ​characterized​​by​​teacher-centered​​strategies,​​that​
​limited​​students​​to​​a​​passive​​role​​in​​their​​learning.​​For​​example,​​a​​digital​​math​​game​​lesson​​case​
​demonstrated​ ​“Passive”​ ​problem​​solving​​when​​a​​digital​​math​​game​​was​​displayed​​on​​the​​board​
​and​ ​students​ ​had​ ​to​ ​quickly​ ​name​ ​shapes​ ​as​ ​images​ ​appeared.​ ​This​ ​supported​ ​procedural​
​understanding​​because​​students​​had​​to​​quickly​​recall​​names​​of​​shapes​​and​​did​​not​​engage​​with​​or​
​create​​any​​of​​the​​shapes.​​A​​coding​​lesson​​case​​demonstrated​​“Passive”​​technology​​integration​​by​
​prioritizing​ ​procedural​ ​understanding,​ ​as​ ​shown​ ​by​ ​the​ ​following​ ​statement:​ ​“Students​ ​will​ ​be​
​instructed​​to​​follow​​along​​the​​different​​levels​​and​​challenges.​​They​​will​​ajust​​[​​sic​​]​​angles​​and​​use​
​loops to repeat patterns.”​
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​The​​cases​​coded​​as​​“None,”​​represented​​a​​significant​​gap​​in​​TPACK​​understanding​​where​
​the​ ​technology​ ​was​ ​disconnected​ ​from​ ​the​ ​mathematical​ ​learning​ ​goals.​​These​​lessons​​focused​
​on​ ​technical​ ​literacy,​ ​such​ ​as,​ ​“practicing​ ​hand-eye​ ​coordination,​ ​clicking,​ ​and​ ​drag-and-drop​
​skills.”​ ​In​ ​these​ ​instances,​ ​the​ ​instructional​ ​goal​ ​was​ ​to​ ​teach​ ​the​ ​program​ ​or​ ​practice​ ​using​
​devices, with no specific mathematical concept addressed in the integration.​

​C​​ROSS​​-C​​ASE​​A​​NALYSIS​
​The​ ​cross-case​ ​analysis​ ​shows​ ​that​ ​PSTs​ ​passively​ ​integrated​ ​technology​ ​into​

​mathematics​​lessons,​​as​​shown​​by​​the​​orange​​bars​​for​​Coding​​Integration​​and​​Digital​​Math​​Game​
​Integration​ ​in​ ​Figure​ ​1.​ ​Results​ ​also​ ​showed​ ​that​ ​the​ ​problem-solving​ ​tasks​ ​PSTs​ ​used​ ​were​
​“Passive”​ ​and​ ​did​ ​not​ ​support​ ​students’​ ​active​ ​engagement​ ​with​ ​the​ ​mathematics​ ​concepts,​ ​as​
​shown​​by​​the​​orange​​bars​​for​​Coding​​Problem​​Solving​​and​​Digital​​Math​​Game​​Problem​​Solving.​
​This​ ​“Passive”​ ​characterization​ ​in​ ​PSTs​ ​lesson​ ​planning​ ​suggests​ ​a​ ​low​ ​TPACK,​ ​as​ ​the​
​technology​ ​was​ ​used​ ​for​ ​procedural​ ​understanding​ ​and​ ​rote​ ​memorization​ ​rather​ ​than​ ​being​
​meaningful integrated to support a deep understanding of the mathematics concepts.​

​Figure 1​
​PSTs lesson plan frequencies for rubric categories​

​D​​ISCUSSION​ ​AND​ ​C​​ONCLUSION​

​Results​​from​​this​​study​​show​​PSTs​​passively​​integrated​​technology,​​where​​students​​would​
​engage​ ​with​ ​the​ ​tool​ ​procedurally,​ ​instead​ ​of​ ​supporting​ ​conceptual​ ​understanding.​ ​These​
​findings​ ​align​​with​​previous​​studies​​that​​show​​PSTs​​were​​limited​​in​​their​​abilities​​to​​effectively​
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​integrate​​technology​​into​​mathematics​​lessons​​(Meagher​​et​​al.,​​2011;​​Meaney​​et​​al.,​​2023).​​These​
​results​ ​show​ ​the​ ​continued​ ​need​ ​for​ ​preparation​ ​programs​ ​to​ ​provide​ ​intentional​ ​technology​
​integration​​in​​methods​​courses.​​PSTs​​lesson​​plans​​integrated​​technology​​as​​a​​way​​to​​supplement​
​for​ ​practice,​ ​and​ ​not​ ​as​ ​a​ ​tool​ ​for​​instruction,​​suggesting​​preparation​​programs​​need​​to​​provide​
​meaningful​ ​experiences​ ​for​ ​PSTs​ ​to​ ​see​ ​technology​ ​used​ ​as​ ​a​ ​tool​ ​for​ ​instruction,​ ​and​ ​not​ ​a​
​supplemental resource. ​

​Although​ ​these​ ​results​ ​provide​ ​insights​ ​into​ ​how​ ​PSTs​ ​integrate​ ​technology​ ​into​
​mathematics​​lessons,​​there​​are​​limitations​​in​​the​​generalizability​​across​​populations​​and​​contexts,​
​such​​as​​the​​small​​sample​​size​​and​​short​​duration.​​Further​​research​​is​​needed​​with​​a​​larger​​sample​
​size​ ​across​ ​multiple​ ​institutions.​ ​Future​ ​studies​ ​should​ ​also​ ​include​ ​classroom​ ​observations​ ​to​
​examine how PSTs implement these lessons in a classroom setting.​
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