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In this paper we present some of the issues in Mexican public high-schools related to the incorporation of 
digital technologies in mathematics classrooms; noting that the inclusion of technologies is very isolated, 
and that schools still lack proper facilities. We also present some of the didactical approaches of teachers 
in using digital technologies during their lessons; we observe lack of preparation of these lessons and 
conflictive situations for the learning processes arising from difficulties in the implementation of 
technologies and generated by deficient technical content and pedagogical knowledge. 

.eyZords� 7echnology� Didactical Approaches� +igh School (dXcation� (dXcational Changes 

Introduction 

7he Xse of digital technologies �D7� in schools has become increasingly important in today¶s societies, 
dXe to its inherence in all areas of daily life. %Xt in edXcation, changes have been sloZ. ,n fact, research on 
the impact of compXters in classrooms on stXdents¶ academic performance has shoZn that the effect has 
been moderate if any at all �e.g., Papert, 1993� .ilpatricN 	 CXban, 1998� ChadZicN, 2001� %attista, 2007�. 
7he incorporation of D7 in classrooms, is a particXlar challenge for teachers. 7he importance of teachers¶ 
professional development, that strengthen their competencies and NnoZledge for helping stXdents address 
the needs of the 21st centXry, has been a theme of several international edXcational conferences �e.g., at the 
,nternational Conference on (dXcation²,C(, and the ,nternational Congress on Mathematical 
(dXcation²,CM(�, in particXlar Zith regard to the need of incorporation of digital technologies. 2ver a 
decade ago, the 1ational CoXncil of 7eachers of Mathematics �1C7M, 2000� stated that technologies had 
to be Xsed Zidely and responsibly in order to achieve a complete mathematical training, and to facilitate 
visXali]ation of mathematical ideas. +oZever, as ChadZicN �2001� caXtions, Zhen teachers Xse technology 
they shoXld ensXre that the means do not caXse straying from the edXcational aims. 7echnology can be a 
didactical tool only insofar as it helps in the constrXction of meanings of the obMects of stXdy� Ze also 
believe that a responsible Xse of D7 shoXld be sXpported in resXlts from edXcational research in order to be 
sXccessfXlly implemented. Sacristin, Sandoval and Gil �2009� conclXded, from a research condXcted on 
Me[ican primary and middle�school teachers, that if teachers are to sXccessfXlly incorporate D7 in their 
practice, they need to Xnderstand hoZ to Xse these tools in order to create meaningfXl learning in stXdents. 

Research Objectives and Theoretical Framework 

2Xr general research aims to analy]e elements of teachers¶ didactical practices in Me[ico, and their 
relationship Zith cXrricXlar contents and recommendations� one particXlar aspect that is the focXs of this 
paper, is teachers¶ didactical practices related to the Xse of digital technologies in mathematics classrooms.  

,n oXr stXdy, Ze Xse as frameZorN the categories proposed by ShXlman �2001� related to the 
NnoZledge base that teachers shoXld have in their professional development� thXs Ze consider pedagogical 
content NnoZledge �PC.�, cXrricXlar NnoZledge, technological pedagogical and content NnoZledge 
�7PAC., that provides Xnderstanding on the technological tools that the teacher Xses in her�his practice� 
�Mishra 	 .oehler, 2006�, among others. /linares �2000� recogni]es that a fXndamental part of a teacher¶s 
practice lies in the choice of the instrXments s�he Xses �spoNen langXage, modes of symbolic 
representation, didactical materials, Xse of technologies in daily practice, etc.� and he emphasi]es the 
importance of her�his Xnderstanding of Zhich and hoZ they Zill be Xsed, and for Zhich aims. 2n their 
part, Ponte and Chapman �2006� state that a teacher¶s NnoZledge and her�his didactical approach, are 
mXtXally dependent in the teacher¶s activity� this relationship is representative of the organi]ation of the 
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elements for teaching. We have Xsed the above ideas to design oXr sXrvey TXestions and to observe 
characteristics in teachers¶ development of NnoZledge, not only taNing into accoXnt Zhat they NnoZ 
�content NnoZledge�, bXt Zhat they do Zith Zhat they NnoZ �NnoZledge Xse�, in a tZofold Zay� their 
mathematical content NnoZledge �%all, 1988� and the technology Xse dXring their classroom practice. ,n 
this Zay Ze attempt to assess hoZ meaningfXl is a teacher¶s Xse of D7 in her�his classroom.  

Methodology and Data Collection 

,n stXdying teachers¶ didactical approaches, Ze also consider their NnoZledge in terms of the 
edXcational changes and cXrricXlar reforms that have occXrred in the last decades both at international and 
at national levels� in particXlar Ze consider those related to teaching methodologies �recommended 
classrooms strategies and dynamics, didactic materials, etc., often based on specific epistemological 
theories²e.g., constrXctivism� and the Xse of D7 in the classroom �compXters, videos, ,nternet, speciali]ed 
softZare for mathematics, etc.�.  

,n a first research phase, Ze carried oXt a docXmental type of research Zhere Ze revieZed the diverse 
programs of stXdy and cXrricXlar recommendations for high�school mathematics in Me[ico, in order to 
establish Zhat is considered essential for the teachers¶ practice. ,n a second research phase, Ze carried oXt 
a sXrvey of 159 high�school mathematics teachers in different regions of Me[ico� throXgh this sXrvey Ze 
had some panoramic insights of the Zays in Zhich high�school teachers have perceived the edXcational 
changes and needs in the 21st centXry Zorld.  ,n a third research phase, Ze carried in�classroom 
observations, as Zell as pre� and post� intervieZs, of a sXbset of the sXrveyed teachers� 13 teachers in 
Me[ico City, Zho claimed in the sXrvey to have changed, in the past decade, the Zay they teach and 
incorporated D7 to their practice, and 3 other teachers, not originally sXrveyed, Zho Zhere repXted in their 
schools to Xse D7 in their lessons. 7hXs, Ze observed �and intervieZed� a total of 16 teachers, in 5 
different pXblic high�schools in Me[ico City, for Xp to tZo classroom sessions of 60 to 120 minXtes, in 
Zhich they Zere meant to Xse D7. ,t is Zorth noting that the 5 schools Ze visited are considered amongst 
the best pXblic high�schools in the coXntry. 

For the analysis of the resXlts, Ze carried oXt a correlation of the resXlts, throXgh a methodological 
triangXlation to strXctXrally relate the cXalitative, TXantitative and docXmental data �Den]in, 1990� 
%ryman, 2007�. ,n this Zay Ze coXld analy]e the relationships betZeen a teacher¶s didactical beliefs 
�inclXding her�his beliefs on edXcational needs and changes, and on D7 tools as didactical  instrXments� 
teaching methodologies Xsed in her�his practice� her�his changes in the last decades�, Zhat s�he claims to 
have changed dXe to edXcational reforms in Me[ico, and her�his actXal didactical approaches in the 
classroom. 

Some Results and Sample Data  

,n this section Ze present some resXlts derived mainly from the second and third phase, related to the 
Xse that the teachers in oXr stXdy maNe of D7 in their practice. 2ther resXlts are beyond the scope of this 
paper. 

Some General Results on the Use of DT by the Study’s Teachers 

7he great maMority of the 159 teachers sXrveyed, 91�, agreed that there have been significant 
edXcational changes in the last tZo decades in the Zorld� hoZever only 38� mentioned the Xse of 
technology as one of the most significant changes. 1evertheless, the sXrveyed teachers coincided in that 
the Xse of D7 has become an essential part of stXdents¶ development and that it is important to inclXde 
them in teaching for didactic sXpport. A large maMority of them, 73.8�, claimed to Xse D7 to sXpport their 
mathematics teaching practice. And 65� said they Xsed ,nternet to search for theoretical information 
related to the topics stXdied in their classes, to search for formXlae, or to send homeZorN to their stXdents.  

,n terms of the observed and intervieZed teachers, all 16 of them mentioned that they had taNen 
professional development ZorNshops on the Xse of digital tools, mainly on the Xse of graphing tools, sXch 
as Winplot²Zhich Zas also the most common Xse mentioned� and on the Xse of information and 
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commXnication tools �i.e., ,nternet� or office sXites� and ten of them had had a short coXrse on some 
dynamic geometry softZare �i.e., Cabri, SNetchPad or Geogebra�.  

+oZever, from the intervieZs, Ze reali]ed that the Zay in Zhich these third�phase teachers Xsed D7, 
Zas mostly as checNing and comparison tools, or to save time by Xsing tools �e.g., Winplot� that ZoXld 
facilitate the constrXction of graphics. A sXrprising response Zas that of a teacher Zho said he only Xsed 
D7 becaXse it Zas a reTXirement of his school. 

FXrthermore, althoXgh, Zhen Ze intervieZed them, all 16 teachers claimed to Xse D7 for their lessons, 
at the time Ze visited them only foXr of them actXally Xsed them Zith their stXdents in oXr observation 
sessions. Some of e[planations that Zere given for the lacN of Xse of D7 Zhen Ze observed, Zere the 
folloZing�  

• they only Xsed D7 in class once per school term  �e.g., to shoZ stXdents hoZ to Xse a graphing 
softZare� and afterZards stXdents are sXpposed to Xse it for homeZorN�  

• they Xse ,nternet �e.g., email� for sending and receiving stXdents¶ homeZorN� 
• they asN stXdents to research hoZ to Xse a graphi ng softZare at hom e and tXrn in com pXter�plotted 

graphs as homeZorN� 
• the school doesn¶t have the necessary eTXipment�  
• they don¶t have access to the school¶s compXter room� 
• they only Xse D7 for class preparation.  

7herefore, thoXgh all these teachers claimed to Xse D7 in their practice, it Zas clearly a very limited Xse, if 
any at all.  

Sample Data from the Four Teachers Observed Using Technology  

+ere Ze sXmmari]e the Zay in Zhich the foXr teachers Xsed D7 Zhen Ze first visited them�  
7hree teachers, Zhom Ze Zill name teachers A, % and C tooN their oZn laptops and beamers to their 

respective classrooms. +oZever, teacher A coXld only connect his eTXipment to the ceiling lamp, dXe to 
the lacN of electrical oXtlets in his classroom. 

7eacher A shoZed his stXdents a video doZnloaded from the ,nternet on the theme of geometrical 
congrXence and similitXde that Zas the theme Xnder stXdy� hoZever the video had no soXnd, had 
PortXgXese sXbtitles and Zas blXrry, so that it Zas difficXlt to folloZ and see. 

7eacher % had no problems in connecting his eTXipment. +e Xsed a plotting softZare �Graphmatica� to 
shoZ his stXdents the domain and range of polynomial fXnctions. 7hoXgh he did alloZ a coXple of stXdents 
to play Zith the softZare, the D7 tool Zas Xsed only for visXali]ation and the main activity Zas carried oXt 
in paper�and�pencil. 

7eacher C also Xsed Graphmatica, bXt she faced many problems in proMecting the images �taNing over 
20 minXtes of a tZo�hoXr session�. She Zas teaching the theme of irrational fXnctions and asNed the 
stXdents to type a fXnction in Graphmatica. She began Zith y � [ typing it on the Zhiteboard �FigXre 1� 
and asNing a stXdent to do it Zith Graphmatica �FigXre 2�. 

 

 

Figure 1: Teacher C writes function on board 
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Figure 2: Graphmatica input 

 
She Zrote other fXnctions on the board, that stXdents tooN tXrns graphing in Graphmatica� 

, , 3 , 3y x y x y x y x= � = � = + = � . %Xt Zhen she moved on to more complicated 

fXnctions� 
2 2 2 2) 9 , ) 9 , ) 9 , ) 9a y x b y x c y x d y x= + = � = � + = � � , the Zay of inpXtting 

these fXnctions became more complicated� Zhereas before they had been Xsing the S457 command, they 
noZ had problems and the teacher changed to Xsing the � poZer instead. %Xt this created fXrther 
problems� sXch Zas the case of fXnction c� Zhich Zas incorrectly inpXtted �FigXre 3� and prodXced an 
incorrect graph �FigXre 4�.  

 

 

Figure 3: Input in Graphmatica for function c)  

 

 

Figure 4: Graph produced by Graphmatica to an incorrect input 

 
7he problem Zith the inpXt of this fXnction Zas that the � poZer Zas not placed betZeen parentheses. 

7herefore the plotted fXnction Zas actXally y = ��x 2 + 9�1

2
, Zhich for [ 0, gives y 9�2 4.5. +oZever, the 

teacher did not notice this� even Zhen a stXdent pointed oXt that the graph Zas Zrong, that the cXrve 
shoXld have cXt the y�a[is in 3, she replied by saying that the root of the fXnction, Zhere the graph cXt the 
[�a[is, Zas 3, so the stXdent¶s comment Zas not correctly taNen into accoXnt. All the other fXnctions Zere 
also incorrectly inpXtted and thXs incorrectly graphed� the teacher, hoZever, did not acNnoZledge that 
there Zas any problem. Another foXr stXdents also doXbted the accXracy of the graphs, bXt the teacher MXst 
said that those Zere the behaviors of the fXnctions, never correcting the sitXation. 

7eacher D tooN her stXdents to the school¶s co mpXter room, Zhere each stXdent coXld Xse 
Graphmatica. 7he topic Zas the same as 7eacher C¶s, bXt in this case there Zere no problems.  
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Discussion and Concluding Remarks 

7hoXgh cXrricXlar reforms and society¶s changes are pXshing for the inclXsion of digital technologies 
in schools, oXr resXlts shoZ that is not straightforZard. 7hoXgh the maMority of the sXrveyed teachers are 
conscioXs of the changes broXght aboXt by digital technologies in the Zorld and hoZ these have permeated 
daily life, and 73.8� claimed to Xse compXters as teaching aids, Zhen Ze Zent to visit the schools Ze 
observed a different reality. ,n oXr stXdy Ze observed that the incorporation of D7 in Me[ican pXblic high�
schools is e[tremely limited, if not nil.  

2ne of the categories that Zere established in oXr stXdy, derived from the ZorN of ShXlman �2001� and 
others �as discXssed in the theoretical frameZorN section above�, is that related to cXrricXlXm NnoZledge� 
in oXr stXdy, Ze Zanted to see if and hoZ teachers tooN into accoXnt and Xsed the methodologies, 
strategies and other recommendations stated in the official programs and cXrricXla, in their practice. %Xt in 
oXr stXdy, most teachers observed and intervieZed Zere Xnable to e[plain Zhat those recommendations 
from the cXrricXlXm Zere �let alone pXt them into practice�, even thoXgh they had previoXsly claimed 
e[plicitly to be Xsing them, inclXding the Xse of technology.  

Another observation is the lacN of eTXipment and facilities for Xsing D7 that is seen even at some of 
the best pXblic high�schools in the coXntry �Zhich Zere the ones Ze visited�. Most pXblic high�schools are 
not eTXipped Zith compXter rooms, and in those that do have them, teachers tend to not Xse them �in fact, 
Ze Zere able to observe only one teacher Xsing it�, argXing problems in accessing those rooms, or lacN of 
training in their Xse.  

 When teachers do Xse D7, the Xse that is done, tends to be limited to presentation �as in the case of 
7eacher A�, visXali]ation or compXting Xses �e.g., Xsing graphing softZare�, for checNing resXlts prodXced 
in paper�and�pencil, or simply for commXnication �e.g. Xsing email or ,nternet for sending homeZorN¶s�. ,t 
is thXs more of a mechanical Xse �or, simply, for accXracy and saving time, as in the case of the Xse of 
plotters� rather than having edXcational aims, and mXch less a meaningfXl harnessing of the potential of 
D7 for enhancing learning. FXrthermore, Ze observed that teachers did not design any activities Xsing D7 
�other than plotting a graph, or checNing a resXlt Zith the Xse of D7� 

7hose feZ teachers Zho mentioned to be Xp�to�date in the Xse of D7, Xnderestimate their potential as 
edXcational aids and lacN technical pedagogical and content NnoZledge �7PAC.�. 7hey are not conscioXs 
of the difficXlties that may arise dXring the implementation of D7 in the classroom �sXch as in the cases of 
7eachers A and C�, and lacN the technical NnoZledge and mathematical content NnoZledge to deal 
responsibility Zith sitXations sXch as the one observed Zith 7eacher C. Another deficiency noted, is that 
tZo of them had not prepared their lessons, Zhich is an important aspect mentioned by /linares �2000� that 
shoXld be part of the professional teaching practice. 

,t is important to note that althoXgh some teachers have tried to adapt to the changes in edXcation, 
attempting to change their teaching methodologies and attempting to incorporate D7 into their practice, the 
lacN of training and sXpport can lead to confXsions, misinformation, or even loss of interest or 
commitment. ,n fact, dXring the intervieZs, some of the high�school teachers complained that the only type 
of training they had received Zere on the basic Xse of office softZare sXite pacNages, and not in more 
specific tools for mathematics edXcation �sXch as dynamic geometry or CAS�.  

7he above resXlts coincide Zith those reported by -Xlie et al. �2010� from a sXrvey condXcted in /atin 
America in 2006. We ZoXld have e[pected changes since 2006, bXt as Zas noted ten years ago by CXban, 
.ilpatricN, and PecN �2001� the incorporation of technology into classrooms has been a very sloZ process, 
and this seems to be particXlarly trXe in developing coXntries liNe Me[ico, Zhere the incorporation of 
technologies in teaching practices is limited. ,n Sacristin, Parada, and Miranda �2011� Ze discXssed this 
problem, observing tZo types of limitations and obstacles� one related to digital divides �illXstrated here by 
the lacN of eTXipment and facilities�� the second related to professional development of teachers and the 
edXcational system itself.  

+ennessy, 5Xthven, and %rindley �2005� point to the importance of teacher involvement �rather than a 
technologically�driven model of technology integration� in effecting classroom change� bXt they also point 
that this involvement is XndoXbtedly inflXenced by the teachers¶ ZorNing conte[ts. 7he little Xse of 
technologies Ze observed in oXr stXdy, is partly dXe to lacN of proper conditions, bXt also becaXse teachers 
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have not e[perienced other Xses. +itt �1998� pointed oXt that teachers Zill only feel the need to incorporate 
technologies to their practice Zhen they e[perience the effectiveness of a tool or resoXrce in dealing Zith a 
problem. 7hXs, rather than focXs on the delivery of technical sNills �Zhich are the type of coXrses the 
teachers in oXr stXdy had received�, it might be helpfXl if teachers can participate in professional 
development models that immerse them²and sXpport them²in the e[perience of dealing Zith 
mathematical sitXations throXgh technology. +oZever, taNing into accoXnt the reality of coXntries sXch as 
oXrs, this may not be so easy. 
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