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This study questions the extent to which a course in Mathematical Problem Solving with Technology was 
developing TPACK in mathematics preservice teachers. In order to measure the development of TPACK, 
both quantitative and qualitative data were collected. Preliminary findings are promising. Preservice 
teachers developed a vision of technology use in the classroom that better aligned with the vision outlined 
in the NCTM Technology Principle. Students reported they had sufficient opportunities to work with 
different technologies throughout the course. Moreover, students reported they could choose technologies 
that enhance the mathematics for a lesson. 

.eyZords� 7eacher (dXcation±Preservice� 7echnology� Problem Solving 

Introduction 

,n seminal ZorNs �1iess, 2005, 2008� Mishra 	 .oehler, 2006� that have cXlminated in the description 
of a frameZorN by Zhich to stXdy the development of 7echnology, Pedagogy And Content .noZledge 
�7PAC.�, mathematics teacher edXcators have envisioned teacher edXcation programs that integrate 
technology instrXction Zith content and pedagogy. 7hese programs ZoXld provide preservice teachers Zith 
learning opportXnities that might help them amend personal philosophies of teaching to reflect a deep 
Xnderstanding of teaching Zith technology. A pictXre of hoZ to accomplish this integration is emerging in 
the field, inclXding =bieN and +ollebrands¶ �2008� position that the Zays in Zhich technology is integrated 
into teachers¶ classrooms is inflXenced by their conceptions of technology, mathematics, learning and 
teaching. FXrthermore, =bieN and +ollebrands �2008� recommend that preservice teachers be given 
opportXnities to Xse technology as a mathematics learner and then reflect on those e[periences from a 
pedagogical perspective. 

We have begXn to develop oXr oZn vision of Zhat it means to enact these principles in the 
development of preservice secondary mathematics teachers �PSM7s� and to honor the rich connections 
betZeen technology, mathematics, and teaching. 7his paper reports on a stXdy of 39 PSM7s enrolled in 
tZo sections of a coXrse, Mathematical Problem Solving with Technology. ,n this coXrse, PSM7s are 
e[pected to revisit their oZn learning of secondary mathematics and investigate mathematical concepts by 
Zay of problem solving Zith varioXs technological tools. 7aXght Zith an eye toZard immersion learning, 
the PMS7s in oXr coXrse are engaged almost entirely in lab�based activities and discXssion of the 
mathematical, pedagogical and technological principles they encoXnter along the Zay.  

Methodology 

As a means to inform oXr oZn practice, Ze engaged in research to Xncover the e[tent to Zhich oXr 
coXrse Zas sXpporting the development of 7PAC. in oXr preservice teachers. We set aboXt to e[plore tZo 
research TXestions� �1� What is the vision of teaching mathematics Zith technology held by PSM7s prior 
to and at the conclXsion of a semester of concentrated e[periences Xtili]ing technology for mathematical 
problem solving" �2� 7o Zhat e[tent does oXr coXrse inflXence 7PAC. of oXr PSM7s"  

Participants and Setting 

7he participants of this stXdy Zere enrolled in a semester�long coXrse, Mathematical Problem Solving 
with Technology, dXring the 2010�11 academic year. PSM7s pXrsXing licensXre to teach secondary 
mathematics typically taNe this coXrse dXring their sophomore year. As oXr PSM7s enroll in the maMority 
of their edXcation coXrses in the MXnior year, those enrolled in this coXrse have not yet taNen any methods 
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coXrses or completed any field placements in a .±12 setting. 2f the 39 participants, three had gradXate 
stXdent standing bXt had not taXght secondary mathematics at the beginning this coXrse. DXring the fall 
semester, 18 participants Zere recrXited and dXring the spring semester, 21 stXdents Zere recrXited.  

Data Collection 

Data Zere collected Zith the pXrpose of measXring the development of 7PAC. as Zell as linNing that 
development to practice. ,n order to accomplish this goal, tZo distinct perspectives Zere taNen. First, Ze 
Zanted a TXantitative tool by Zhich to captXre groZth in 7PAC. over time. We selected a sXrvey intended 
to measXre 7PAC. �=elNoZsNi et al, Xnder revieZ� and administered it as a pre�post measXre dXring the 
first and last ZeeNs of the coXrse. 7he sXrvey is divided into mXltiple sections Zith items assessing each of 
the domains Zithin the 7PAC. frameZorN, bXt Ze chose to focXs oXr analysis on si[ items shoZn to be 
reliable and valid in measXring perceptions of 7PAC. �=elNoZsNi et al, Xnder revieZ�. 

Table 1: Summary of Selected TPACK Survey Items 

,tem Prompt 
,tem 1 , can Xse strategies that combine mathematics, technologies, and teaching approaches that , learned 

aboXt in my coXrseZorN in my classroom. 
,tem 2 , can choose technologies that enhance the mathematics for a lesson. 
,tem 3 , can select technologies to Xse in my classroom that enhance Zhat , teach, hoZ , teach, and Zhat 

stXdents learn. 
,tem 4 , can teach lessons that appropriately combine mathematics, technologies, and teaching approaches. 
,tem 5 , can teach lessons that appropriately combine algebra, technologies, and teaching approaches. 
,tem 6 , can teach lessons that appropriately combine geometry, technologies, and teaching approaches. 
 
,t Zas also important for Xs to taNe a deeper looN at individXal development throXghoXt the coXrse in 

order to inde[ any global shifts in 7PAC. to specific facets of the coXrse. ,n order to e[amine the 
opportXnities Ze Zere providing oXr stXdents to develop 7PAC. and to more closely e[amine any shifts 
in 7PAC. that Zere captXred by the sXrvey, samples of stXdent reflective Zriting Zere collected of Zhich 
tZo samples Zere Xsed in the cXrrent analysis.  

Principles of Mathematical Problem Solving with Technology. Within the first month of the coXrse, 
stXdents Zere asNed to read three items and Zrite a reflection paper. 7he three items Zere selected to 
convey to oXr stXdents the Xnderlying principles of the coXrse. First, Ze selected the 1C7M 7echnology 
Principle �1C7M, 2000�. Second, Ze selected tZo chapters from Teaching Mathematics through Problem 
Solving K–12 �Schoen 	 Charles, 2003�. 7he chapter Zritten by +iebert and Wearne �2003� Zas selected 
for its overvieZ of problem solving and the vision it provided of teaching and learning. 7he chapter Zritten 
by =bieN �2003� Zas selected for its attention to the role of technology in a classroom Zhere problem 
solving is valXed. StXdents Zere asNed to respond to three prompts�  

1. How is the perspective taken in the readings similar or different from your own experiences 
learning mathematics? 

2. How does it compare to your own beliefs about teaching?  
3. What ideas did you find yourself (dis)agreeing with?  

Final Examination. A final e[amination prompt Zas provided asNing stXdents to describe their vision 
of responsible Xse of technology in the classroom.  

Many of you have reflected on the use of technology in mathematics education and used a statement 
similar to, "technology is a benefit to the mathematics classroom as long as it is used responsibly.” 
Reflect on this statement and explain to me what "responsible use of technology” looks like in the 
mathematics classroom. Do not define it in terms of what it is NOT—I am not interested in hearing 
about examples of irresponsible uses of technology and these will detract from your answer. Instead, 
use your experiences and any readings you have completed for this class to craft a reasonable 
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definition or standard by which I could determine if technology were being used to support teaching 
and learning of mathematics in your classroom. 

7his prompt Zas devised in response to themes identified in classroom discXssions throXghoXt the 
semester. ,t is not Xncommon for PSM7s to begin to categori]e their e[periences, both past and cXrrent, as 
appropriate�inappropriate. ,n both semesters, PSM7s invoNed the phrase ³responsible Xse´ to differentiate 
betZeen technology practices that they endorsed �³responsible´� and those they did not �³irresponsible´�. 
7his prompt Zas aimed at assessing PSM7s¶ oXtgoing vision of ³responsible Xse.´ 

Data Analysis 

Analysis of written reflection. 7he tZo reflections described in the previoXs section Zere chosen 
becaXse of their timing, one in the fifth ZeeN of the semester and the other at the completion of the coXrse. 
FXrthermore, the natXre of the assignments has the potential to illXstrate changes in oXr PSM7s¶ visions of 
teaching mathematics Zith technology.  

%oth top�doZn methods �Miles 	 +Xberman, 1994� and groXnded theory �StraXss 	 Corbin, 1990� 
Zere Xsed to develop and apply a coding instrXment. Within 1C7M¶s 7echnology Principle �2000� and 
also =bieN �2003�, there are many smaller statements aboXt the envisioned role of technology in the 
mathematics classroom. From these soXrces, Ze created a frameZorN by Zhich to analy]e the vision oXr 
PSM7s held of teaching mathematics Zith technology. From each statement indicating a potential role for 
technology, a code Zas developed. For e[ample, the statement ³With calcXlators and compXters stXdents 
can e[amine more e[amples or representational forms´ �1C7M, 2000, p. 23� yielded tZo initial codes, 
³([amples´ and ³5epresentational Forms.´ While Doerr and =angor �2000� classified calcXlator Xse into 
five broad categories� CompXtational, 7ransformational �changing the natXre of the tasN�, Data Collection 
and Analysis, 9isXali]ing, and ChecNing �confirming conMectXres, Xnderstanding mXltiple symbolic 
forms�, Ze initially identified 25 specific roles technology plays in the classroom. We later refined this list 
to 17 as coding progressed, inclXding combining ³5epresentational Forms´ Zith ³9isXali]ation,´ as it Zas 
difficXlt to parse oXt differences sXch as this in oXr PSM7s¶ Zriting. 7he final list of codes is listed in 
alphabetical order in 7able 2.  

Table 2: Framework for Examining Vision of Technology for Teaching 

Perceived 5oles of 7echnology in the Mathematics Classroom 
Assessment ([ploring ConMectXres Problem posing 
CommXnication ([tends 5ange of Problems   Problem Solving�5easoning 
Differentiated /earning Mathematical Change 5eflection 
(fficiency�AccXracy Mathematical Connections SXpplementation 
(ngagement 2rgani]e�Analy]e Data 9isXali]ation�5epresentational Forms 
([amples Present�docXment  

 
TPACK surveys. Pre� and post�sXrvey data Zere collected and analy]ed to determine overall shifts in 

perceived 7PAC. amongst PSM7s taNing a semester�long coXrse in problem solving Zith technology. ,n 
order to compare the resXlts of the administrations of the 7PAC. sXrvey, individXal scores Zere tabXlated 
by sXmming the responses given by an individXal to each of the si[ items in terms of the 5�point /iNert 
scale valXes �1   Strongly Disagree, 5   Strongly Agree�. 4Xartile scores for each administration Zere 
calcXlated and compared Xsing a bo[�and�ZhisNer plot. ,n order to delve deeper and assess groZth Zith 
individXal items, a novel data visXali]ation Zas constrXcted Xtili]ing color as a means to assess the 
e[tremity of individXal responses as Zell as the overall change in PSM7 responses betZeen 
administrations. A detailed description of this data visXali]ation is provided along Zith the resXlts of the 
analysis.  
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Results 

,n response to the research TXestions oXtlined above, the resXlts Zill be organi]ed in three distinct 
sections. First, Ze Zill present the resXlts of the TXalitative analysis of the tZo collected samples of 
reflective Zriting. 7hen, Ze Zill present the resXlts of a TXantitative analysis of the 7PAC. sXrvey data.  

Incoming Vision of Teaching with Technology 

Utili]ing the frameZorN in 7able 2, Ze coded each of PSM7¶s reflections on the role of technology in 
the teaching and learning of mathematics. While Ze coXld recogni]e at least one of the roles in most of the 
reflection papers, there Zere tZo reflection papers that received ]ero codes. 7hese tZo PSM7s did not 
share a vision Zith regard to the inclXsion of technology in the classroom. 2ne stayed close to a positive, 
yet non�specific message, that technology shoXld be Xsed to enrich the stXdents¶ e[perience, Zhile the 
other challenged the essentiality of technology in the classroom altogether, stating� 

Why is it so essential, as described in the Technology Principle, that technology be used in the 
application and problem solving of math (NCTM, 2000)? My thought is that shouldn’t anything in 
math class be able to be solved without the aid of technology? 

,n the remaining 37 reflections, Ze Zere able to recogni]e anyZhere betZeen one and nine of the roles 
�and on average 3.35�, Zhether the PSM7 agreed, disagreed or simply sXmmari]ed the aXthor¶s position. 
7he most�agreed�Zith roles inclXde SXpplementation �49��, (fficiency�AccXracy �36��, Problem 
Solving�5easoning �28��, and 9isXali]ation and 5epresentational Forms �41�� �see FigXre 1 >red 
colXmns@�. 2f the 17 roles, some seemed to garner more argXment than others. (ngagement �33��, 
9isXali]ation�5epresentations Forms �41��, and Mathematical Change �13�� Zere mentioned more than 
most of the other roles both positively and negatively. While 33� of oXr stXdents agreed that technology 
engages stXdents, 10� disagreed, claiming technology Zas a distraction. Walter calls some of the 
statements made in the 7echnology Principle ³too sZeeping´ and e[plains,  

I submit that if a student is not motivated by the task at hand, then a computer provides many more 
distractions for them. This is not to suggest that one should not use a computer, only that I disagree 
with the implication that utilizing a computer task is a cure for those that are easily distracted. 

While this provides a snapshot of the specified vision oXr PSM7s had at the start of the semester, there 
Zas also an XndercXrrent of concern aboXt the Xse of technology in the classroom in general. 7he most 
common concern Zas that technology ZoXld prevent stXdents from achieving mastery of mathematics. 
More than 25� of oXr stXdents specifically mentioned their concern that stXdents Zill either miss oXt on 
learning basic sNills �generally arithmetic� or that this NnoZledge initially gained Zill atrophy once 
technology is in hand. (ven more e[pressed concern that technology ZoXld replace a stXdent¶s basic 
Xnderstandings of mathematics, Zith 49� choosing to TXote, paraphrase or reinterpret the statement, 
³technology shoXld not be Xsed as a replacement for basic Xnderstandings and intXitions� rather it shoXld 
be Xsed to foster the Xnderstanding and intXitions,´ �1C7M, 2000, p. 24�. 7his Zas, by far, the most cited 
passage in all three readings. ,n addition to these concerns, some PSM7s e[pressed a sense of nostalgia 
and favored tradition over technology. Mary says, “I got through all of those high school courses with just 
a graphing calculator and passed with flying colors, so why do we need all this technology in our 
classrooms now?” 7his narroZ vieZ of edXcation based on personal sXccess or failXre permeates the 
initial reflection papers and caXses many to TXestion 1C7M¶s assessment of technology as essential in the 
classroom. A stXdent Zho feels that they have achieved sXccess in school mathematics potentially sees 
himself or herself as a coXntere[ample to the essentiality of technology. 7here is a general relXctance to 
consider Zhat e[periences they may have missed and to MXdge their oZn stories as complete and 
representative of mainstream.  
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Figure 1: Incoming vision (red) and outgoing vision (green) of teaching with technology 

Outgoing Vision of Teaching with Technology  

,n order to gaXge the vision of teaching Zith technology that oXr PSM7s had Zhen they e[ited oXr 
coXrse, Ze condXcted a similar analysis of their responses to the Final ([amination Prompt. ,n this 
assignment, oXr PSM7s Zere e[plicitly asNed to share their vision of ³responsible Xse of technology in the 
classroom.´ ,n this sense, the assignment Zas different from the first reflection in that the PSM7s Zere not 
asNed for their reactions to an e[pressed vision, bXt rather to create their oZn.   

UnliNe their initial reflections, every PSM7 identified at least one specific role that technology plays in 
the mathematics classroom. 2n average, stXdents identified three roles Zith the ma[imXm being eight. 
FigXre 1 �green colXmns� is a depiction of the overall vision. Again, if Ze taNe a looN at the most identified 
roles, Ze get an indication of the vision of the groXp. Almost 70� of oXr PSM7s made mention of the role 
technology plays in problem solving and reasoning in the classroom. (ngagement, 9isXali]ation and 
5epresentational Forms, (fficiency� AccXracy and SXpplementation are still among the most cited. 
+oZever almost three times as many PSM7s as did initially indicated technology e[tends the range of 
problems that can be Xsed in the classroom and aided in CommXnication, and five times as many noted  
technology coXld be Xsed to ([plore ConMectXres. 7he nXmber of stXdents Zho indicated technology 
shoXld be Xsed to sXpplement pencil�and�paper instrXction dropped by a factor of three. 

TPACK Survey Data 

,n order to compare the resXlts of the administrations of the 7PAC. sXrvey, individXal scores Zere 
tabXlated by sXmming the responses given by an individXal to each of the si[ items  
in terms of the 5�point /iNert scale valXes �1   Strongly Disagree, 5   Strongly Agree�.  
 

 

Figure 2: Box plot with whiskers comparing TPACK scores for two administrations 
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7hese ordinal data are displayed in a bo[ and ZhisNers plot in FigXre 2. 7he median score increased 
from 20 on the pre�sXrvey to a 24 on the post�sXrvey. FXrthermore, the first TXartile of the post�sXrvey and 
third TXartile of the pre�sXrvey are eTXal, implying that 75� of the post�sXrvey scores Zere higher than 
75� of the pre�sXrvey scores. 

7o get a deeper sense of these shifts, Ze composed a color�coordinated image of the data set. 7he 
individXal responses to each item given on the pre� and post�sXrvey are shoZn in 7able 3. (ach roZ 
pertains to an individXal PSM7 and the roZs have been sorted in decreasing valXe according to the sXm of 
the Pre�test scores. 7he left table contains data collected by the pre�sXrvey. 7he middle table contains data 
collected by the post�sXrvey, and the right table contains calcXlated differences indicating shifts in 
responses. 7hese Zere calcXlated by sXbtracting pre�sXrvey responses from post�sXrvey responses. DXe to 
page limitations, Ze have provided only a portion of the table to give the reader a sense of the trends in the 
data. 

Table 3: Color-Coded TPACK Survey Where Individual Responses Have Been Highlighted  

 

,n each table, color has been Xsed to visXally differentiate the responses Zith the more satXrated colors 
indicating more e[treme vieZs. ,n the first tZo tables, green �responses 4 	 5� indicates that the stXdent 
has agreed Zith the prompt and red �responses 1 	 2� indicates that the stXdent has disagreed Zith the 
prompt. White �response 3� ZoXld indicate a 1eXtral response. ,n the final table, green �positive integers� 
indicates a positive shift Zhile red �negative integers� indicates a negative shift. 

,nterpreting the tables means looNing at hoZ the color patterns change. ,f Ze compare the pre�sXrvey 
and post�sXrvey scores from all 29 participants, Ze find dramatic color shifts. 7he cloXd of red at the 
bottom of the pre�sXrvey data disappears in the post�sXrvey data and is replaced by light green and even 
some darN green cells. At the top of the tables, Ze see a darN green cloXd emerge in the post�sXrvey data 
replacing the light green and Zhite that Zas present in the pre�sXrvey data. 5ed and pinN have virtXally 
disappeared from the post�sXrvey data, demonstrating that PSM7s disagreed Zith very feZ prompts after 
the coXrse had completed.  

7his is also reflected in the overall color tone of the difference table, Zhich is almost entirely 
composed of Zhite and shades of green. 9ery feZ items shoZed a negative shift from pre�sXrvey to post�
sXrvey, and these are indicated by the pinN cells. 

Findings and Implications 

7his stXdy seeNs to fXrther the research in the field of 7PAC. by testing the hypothesis set forZard by 
=bieN and +ollebrands �2008� that a Ney e[perience for PSM7 shoXld be to Xse technology as a 
mathematics learner and then reflect on those e[periences from a pedagogical perspective. 2Xr resXlts 
shoZ that a coXrse in Problem Solving Zith 7echnology that provides opportXnities for PSM7s to 
reengage Zith school mathematics Xsing a problem�based cXrricXlXm in a technology�rich environment has 
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a positive impact on PSM7 7PAC. development as Zell as on PSM7s vision of teaching Zith technology. 
7his vision Zas commXnicated in part by e[amining specific e[periences and readings encoXntered dXring 
the coXrse and presenting them as illXstrating e[amples of Zhat the µresponsible Xse¶ of technology looNs 
liNe in the classroom. We find that Ze can draZ tZo conclXsions. 

Finding 1: Our students developed a vision of technology use in the classroom that better aligned 
with the vision outlined in the NCTM Technology Principle. ,f Ze taNe a closer looN at the natXre of the 
roles that Ze Zere able to identify in the incoming visions of PSM7s, SXpplementation �49��, 
(fficiency�AccXracy �36��, and ([amples �23�� are roles that sXggest oXr PSM7s are envisioning 
technology as ³compXtational´ tools rather than ³transformational´ or ³visXali]ing´ tools �Doerr 	 
=angor, 2000�. ,n contrast, Ze find the roles of 9isXali]ation and 5epresentational Forms �41�� as Zell as 
Problem Solving�5easoning �28��. 7his may be dXe to the brief e[posXre oXr PSM7s had to problem 
solving Xsing dynamic geometry softZare in the five ZeeNs prior to the sXbmission of this reflection. ,t 
Zas clear that many Zere enamored Zith the ability to generate dynamic geometric obMects for stXdy and 
had begXn to envision their personal independence in mathematical problem solving. ,t is liNely that even 
this brief e[posXre had an impact on the PSM7s¶ vision. ,t is Xnclear Zhether that vision Zas trXly aligned 
Zith that of 1C7M, bXt many referenced these roles positively. Whereas their initial vision favored Xsing 
technology to ³do mathematics´, the oXtgoing vision seems to favor technology for learning mathematics. 
PSM7s more readily identified roles that Zere ³transformational´ or ³visXali]ing´ �Doerr 	 =angor, 
2000�. FXrthermore, PSM7s readily accepted the role technology plays in generating and sXstatining 
classroom discXssion of mathematics and collaborative ZorN habits, something that Zas missing from their 
initial vision. 

Finding 2: A course in problem solving with technology can have an impact on the TPACK 
development of PSMTs. 7he resXlts of oXr analysis of pre� and post�sXrvey data shoZ a clear increase in 
the 7PAC. of oXr PSM7s. 7he items that saZ the greatest gains Zere, ³I can choose technologies that 
enhance the mathematics for a lesson,” “I can select technologies to use in my classroom that enhance 
what I teach, how I teach, and what students learn,” and, “I can teach lessons that appropriately combine 
geometry, technologies, and teaching approaches.” Comments made in their final e[am reflections ZoXld 
sXpport this finding as Zell. ,t is clear that PSM7s are thinNing more aboXt Zhat it ZoXld taNe to enact 
their vision of teaching Zith technology and the comple[ity of that practice.  

Conclusion 
Many factors affect the development of PSM7s
 Xse of appropriate technology tools. 2live and 

/eatham �2000� have docXmented that Xsing technology as a tool for learning mathematics is not enoXgh 
to ensXre PSM7s Zill Xse technology as a teaching and learning tool in their oZn classrooms. Many 
PSM7s need sXstained interactions Zith technology throXghoXt their teacher edXcation programs, 
especially in the conte[t of content and pedagogy coXrses, combined Zith positive e[periences that ZoXld 
challenge their deeply rooted beliefs. +oZever, Xnless stXdents are given opportXnities to reflect on their 
beliefs and come face�to�face Zith them, it Zill be difficXlt for them to relinTXish their fears and mistrXst 
�Fleener, 1995�.  
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