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In this paper we describe parts of a (pre-pandemic) research where we investigated the access and 

use of DT for mathematics by primary school teachers in a rural region of Mexico, in order to 

design a professional development (PD) course for such teachers. The research included: First, a 

diagnostic phase to investigate teachers’ previous training in the use of DT and their access to 

these resources. Then, a design-based study where we designed, implemented and refined a PD 

course for integrating DT in the teaching of mathematics. Concurrently, we examined some of the 

participating teachers’ uses of DT. We describe here some of the results from that research, which 

show the difficulties in access that such teachers face, how they orchestrated the DT available for 

mathematics lessons, and the need for teacher training that takes into account their context, reality 

and possibilities.  
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INTRODUCTION AND THEORETICAL FRAMEWORK 

In developing countries, such as Mexico, there is a digital gap, that needs to be addressed (Sunkel et 

al., 2014), and schools are ideal spaces for this purpose (Peres & Hilbert, 2009). In fact, the 

integration of digital (DT) resources to the teaching of mathematics is a social and pedagogical 

necessity (Sunkel et al., 2014). However, deficiencies have been observed in that regard in sectors 

of the Mexican primary education system. In Mexico, and more so in rural areas, the use of digital 

technologies (DT) in schools, particularly in state primary-schools, is scarce. One problem is the 

lack of hardware and software. In fact, in 2021, it was found that less than 45% of Mexican homes 

had a computer (INEGI, 2022), with most people  relying on their mobile phones for connectivity 

(e.g., WhatsApp, which became how most teachers and students communicated during the COVID 

pandemic), and only around 50% of people used the Internet in rural areas (INEGI/SCT/IFT, 2021).  

Another problem, is that teachers lack professional development (PD) for the integration of DT to 

their teaching practice, and particularly in terms of its didactical use: in fact, as could be seen in the 

syllabus of the official teacher training programs (SEP, 2018), DTs were given very little 

importance in primary-school teacher training.  

Moreover, in the past fifteen years, there have been few succesful initiatives for DT integration in 

Mexican state schools. The last significant programmes by the Ministry of Education, were in the 

early to mid 2000s –the Enciclomedia programme for primary education, where schools were 

equipped with computers and smartboards, and interactive apps accompanied the official textbooks; 

and the EMAT (Teaching Mathematics with Technology) programme that introduced, among other 

tools, Spreadsheets, Dynamic Geometry and Logo programming for mathematics in middle-school 

education (see Sacristán & Rojano, 2009; and Trouche et al., 2012). But after 2006, DT in state 

schools, and the training of teachers on their pedagogical use (such as for the teaching of 

mathematics), became very limited or non-existent.  
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In this paper we describe parts of a (pre-pandemic) research where we investigated the access and 

use of DT for mathematics by primary school teachers in a rural region of Oaxaca, Mexico, in order 

to design a professional development (PD) course for such teachers. The research included: First, a 

diagnostic phase to investigate teachers’ previous training in the use of DT and their access to these 

resources. Then, a design-based study where we designed, implemented and refined a PD course for 

integrating DT in the teaching of mathematics. Concurrently, we examined some of the 

participating teachers’ uses of DT. For that analysis, several theoretical approaches were used: that 

of Instrumental Orchestration (IO) (Drijvers et al., 2010); Hughes’s (2005) categories on technology 

use; and, for examining the changes in teachers’ participating in the PD courses, the 

Documentational Approach to Didactics (DAD) (Gueudet & Trouche, 2012). 

The IO was used to analyze the way in which teachers organized and used digital resources in their 

mathematics classes. In particular, we examined teachers’ IOs by analyzing their didactic 

configuration of the existing artifacts and their arrangement in the teaching environment; the 

expected method of exploitation of said artifacts; and the didactic performance of the teacher in the 

class using the planned technology. For this, we relied on the six ways of orchestrating technology 

identified by Drijvers et al. (2010) –technical-demonstration, explain-the-screen, link-screen-

blackboard, discuss-the-screen, detect-and-show, and sherpa-at-work– and also identified other 

orchestrations. 

Hughes' approach (2005) identifies three types of technology use: (i) as a replacement (without 

changes in the way of teaching, promoting the same learning processes and goals) ; (ii) as an 

amplifier (class tasks are carried out more efficiently and effectively, even though they are the 

same); and (iii) as transformative (changes are made in teaching practices, in student learning 

routines, and in the roles of teacher and students). 

The DAD studies teachers’ practice and their professional development by looking at their 

interaction with the resources they use (select, adapt, review, reorganize) for teaching mathematics, 

which is called a documentation work (Gueudet & Trouche, 2012). This work produces documents, 

which are composed of recombined resources and the usage schemes associated with them; a 

teacher's set of documents is their documentation system (DS). Throughout a teacher's professional 

career, their DS evolves as they work and experiment with old and new resources. Thus, the 

teacher's documentation work reveals their professional development, that is, the evolution of their 

practice, knowledge and beliefs (Gueudet & Trouche, 2012). 

THE FIRST PHASE: IDENTIFYING ACCESS AND USE OF DT 

In the diagnostic phase of our study, in 2017, we explored the access and use of digital technologies 

(DT) for the teaching of mathematics by primary school teachers in the region of our research. In 10 

schools of that region, we interviewed each school principal, and 67 teachers answered a survey, in 

order to inquire on the availability and use of DT resources, as well as teachers’ perceptions of their 

potential for mathematics learning. We then observed some of the lessons of ten teachers who had 

stated in the survey that they did use DT to teach mathematics, and interviewed those teachers.  

We classified the results in terms of three categories: (i) Access to DT (both in schools and in 

teachers’ homes); (ii) Perceptions of teachers and principals on the use of DT for the teaching of 

mathematics; (iii) DT use for mathematics teaching. This information was considered, in the later 

intervention phase, for the design of the PD course aimed at promoting the integration of DT for 

mathematics teaching. 
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In terms of access, most schools lacked hardware; there was old, mostly abandoned, Enciclomedia 

hardware from 2005-06 that was present in most schools. The ratio of students per computer ranged 

from 11.5/1 at one extreme, to 170/1 at the other. Internet access was limited (of the five schools 

where Internet access existed of them it was of very poor quality and two of the other schools 

lacked the equipment to take advantage of it. Added to that, school policies limited the use of what 

little is available. Thus, DT access was limited (see Fig. 1). 

 

Figure 1. Available DT hardware  in the observed schools. 

In terms of teachers’ perceptions, DTs were seen as something positive that they would use "if they 

had them" and “had the knowledge to use them”. Most participating teachers were unaware of the 

potential of DTs for mathematics. In fact, the majority of the teachers, had little previous training in 

the use of DT for teaching mathematics: only 25% had taken courses related to the use of 

technology, although many were mostly technical and did not focus on its didactic use.  

Thus, their use of DT in their practice was scarce, and inconsistent. However, some teachers tried to 

do their best with what was available. Through the survey we found that, for mathematics, 21% (14) 

said they never used it, 24% (16) rarely, 44% (29) occasionally  and 11% (7) almost always. When 

asked in the survey about the type of resources they had used for mathematics and the activities 

carried out with them, 61% (41) of the teachers answered. Of these, 32% (13) indicated that they 

used videos to support their explanations of a topic (e.g., to explain procedures); 34% (14) used 

beamers to project images, problems or exercises; another 34% (14) used interactive apps (e.g., 

apps from Enciclomedia or others, such as for addition and substraction); 24% (10) printed 

materials for the class downloaded from the Internet (e.g., riddles, problems, geometric drawings); 

and two teachers (5%) mentioned having used the calculator. 

Class observations allowed us to examine further the ways in which these teachers used and 

orchestrated the digital resources (videos, projected information, interactive apps, printed material 

and calculators) in their mathematics classes. We present information from nine of the ten observed 

teachers, whom we called (using pseudonyms): Armando (Ar), Alicia (Al), Alfredo (Alf), Paola (P), 

Carmelo (Ca), Cecilia (Ce), Rosi (R), Alexa ( Alx), and Hortensia (H). Table 1 summarizes the type 

of orchestrations that we identified for each of the resources, as well as the types of uses based on 

Hughes’s (2005) categories. A detailed analysis of the orchestrations of two of the teachers is 

presented in Enríquez and Sacristán (2019). 
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Resource Teachers Observed IOs Types of uses 

Video Ar, Al, Ce, H Explain-the-topic;  

explain-the-screen;  

repeat-the-screen 

Replacement & Amplifier 

Projected information R, Alx, H, Ca Copy-the-screen;  

discuss-the-screen 

Replacement & Transformative  

Interactive app Alf, Ca, H Technical-demonstration; 

explain-the-screen;  

Sherpa-at-work 

Amplifier 

Calculator Ca Detect-and-show Amplifier/ Transformative  

Printed material P - - 

Table 1. Orchestration and types of use of the digital resources used by teachers. 

Five teachers ( Ar, Al, Alf, Ca, Ce) used a laptop and a beamer; three (R, Alx, H) took their students 

to a computer room (with one or two children per computer); and one (Ca) provided calculators to 

each student. We observed the use of videos in four cases: three of them (Ar, Ce and H) 

orchestrated it in the Explain-the-topic mode, using it to provide an explanation of the topic, either 

to remind students of a concept already seen (e.g., angles –H’s case ); present a new one (e.g., 

mean, median and mode –Ar’s case); to identify procedures (obtaining mean, median and mode –
Ar’s case; conversions from fraction to percentages –Ce’s case). Other ways of orchestrating the 

video were Explain-the-screen and Repeat-the-screen: for example, teacher Al would stop the video 

to explain a part of it again, and then carry out with the children an activity suggested in the video 

(make the largest or smallest amount possible given four figures on cards). These orchestrations 

show a use of technology as a replacement and amplifier, since it was used to replace and/or expand 

the teacher's explanation, with illustrations and animations to optimize the activity. 

In the survey, 34% of teachers used beamers to project information (eg, a document or a web page). 

Four of observed teachers used this in class: in three cases (R, Alx and Ar), the orchestration was 

Copy-the-screen, carried out in a computer lab: the children copied the information shown on the 

computer screen (e.g., representations of fractions, angles) into their notebooks –we considered this 

use of DT as a replacement. Four other teachers used the projection to pose a problem (with 

response options); in the case of Ca, children, with the help of the calculator, found and discussed 

the solutions. We considered this mode of orchestration as Discuss-the-screen: using DT to validate, 

compare and experiment, activities that could be considered as transformative (Sandoval, 2017). 

The use of interactive apps was pointed out by 34% of the teachers. In two of the observed cases 

(Alf & Ca) these resources were orchestrated as: Technical-demonstration, where students were 

given guidance on the use of the equipment; as Explain-the-screen where how the app worked was 

shown; and in Sherpa-at-work mode, where some kids led their teams and used the apps. In Alf and 

Ca’s orchestrations, there was also an amplifying use of technology: in both cases, mental 

calculation exercises were encouraged together with the interactive apps use in order to promote  

the attention and participation of the children. 

The calculator was another resource pointed to, in the survey, by 5% of the teachers. It was used by 

one of the observed teachers (Ca), where the orchestration was Detect-and-show, since he asked 

some children to present their solutions to multiplication tasks and contrast them with those of 
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others (i.e., promoting activities of comparing, experimenting, and validating), although without 

discussing the reasoning involved. This DT use approached a transformative use of DT. 

Finally, another resource was printed material downloaded from the Internet. We observed P doing 

this for the topic of addition and subtraction. For 24% of teachers this was a use of DT, but strictly 

speaking, DT is not used in the class.  

In summary, the way that the participant teachers used DT was mainly as a replacement and 

amplifier, rather than as transformative; this has been noted by others (Santiago, et al., 2013; 

Trigueros et al., 2014). But we consider that DT resources that teachers used have limited 

possibilities for enhancing mathematics learning. The videos and the projected information were 

used, in general, to make the students listen, watch and transcribe explanations and information of 

some topic, without providing possibilities to experiment to do mathematics (a replacement type 

use). On the other hand, the interactive apps had an amplifying use, since they were used to practice 

skills (mental calculation), but they did not promote the exploration and understanding of concepts. 

Regarding the use of the calculator, since it only allows operations with quantities, its didactic use 

depends on the design of the activities that the teacher does (in Ca’s case, it approached a more 

transformative use). In any case, it was necessary to promote teacher training and access to DT. 

THE PROFESSIONAL DEVELOPMENT PROGRAMME  

After the diagnostic phase, we designed and implemented a PD programme seeking to address some 

of the challenges identified in that study for DT integration. As a design-based research, the PD 

course was refined through two cycles; that is, we implemented two versions of the PD course with 

different cohorts over a two-year period. The 67 teachers who participated in the first study were 

invited to participate in that PD course and associated study; 15 of them accepted for the first cycle. 

Each PD course lasted 5 months (6 hours per week).  

For the design of our PD programme, we took into account the schools’ and teachers’ context in this 

rural area of Mexico. We designed a course that would have official validity, in a venue close to the 

teachers’ schools and/or homes. We chose a few offline (i.e., not requiring an Internet connection) 

digital resources, that could run on the old hardware available in the region’s schools. These had to 

be easy for teachers to use, allowing for a significant and constructionist implementation in class, 

for “doing mathematics” rather than learning about mathematics (Papert, 1971).  

The PD course consisted of three modules, each focused on studying a certain DT resource –
respectively, diverse interactive apps for specific topics (including the Enciclomedia apps); dynamic 

geometry (GeoGebra); and Logo. The interactive applets in the first module deal with specific 

curricular contents and are easy to manipulate. GeoGebra helps address many geometry activities of 

primary-school. Finally, Logo also helps address the compulsory curricular contents of primary-

school mathematics, through programming –allowing children to express themselves (construct), be 

creative, and develop computational thinking (an important skill in today’s world). As explained in 

Sacristán & Enríquez (2020), we chose Logo over the nowadays popular Scratch, because it has less 

technical requirements, allows a more straightforward access to Turtle Geometry (allowing students 

to engage more directly in math-related tasks), and could be run offline on the available computers. 

We didn’t just introduce teachers to digital resources; rather, we aimed to promote a use that was 

transformative (Hughes, 2005), changing teachers’ pedagogical practices and students’ learning-

processes and roles in the classroom. Thus, the work with teachers during the PD programme 

attempted to follow constructionism principles (Papert, 1991; Kynigos, 2015): e.g., by having tasks 

that would promote active, collaborative and autonomous exploration and expressivity of the 
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learners. The tasks of each module were presented in four stages: (i) The study of the resource; (ii) 

the design of mathematics lesson plans integrating the digital resources studied in the course; (iii) 

the implementation of the designed classes; and, (iv) group reflections on the implementation 

experiences. Thus, teachers and trainers engaged in discussions of strategies for using the DT 

resources, taking into account the material limitations (e.g. of hardware), in terms of group 

organization, didactical interventions, etc.  

For data collection, we used: (i) initial interviews of the teachers, and subsequent ones after each 

implementation of their lessons using DT; (ii) the lesson plans designed by the teachers during the 

course; (iii) in-class observations of the implementations of the designed lessons; (iv) the teachers’ 
presentations of their class experiences, which they shared, during the PD course, with their 

colleagues. We then used the DAD approach (Gueudet & Trouche, 2012) to to study the changes in 

the participants’ documentation systems (DS). Details of this are beyond the scope of this paper, but 

a comparison of one teacher’s DS (see Table 2), before and after the PD course, is presented in 

Enríquez and Sacristán (2020).  

 

Table 2. Changes in the documentation systems (DS) of one teacher (Enríquez & Sacristán, 2020) 

As explained in Enríquez & Sacristán (2020), we observed that the integration of digital resources, 

as well as the training (the PD course), generated modifications to teachers’ DS, with resources 

being substituted, or used in combination with previous ones. Each digital resource presented new 

possibilities (of implementation, knowledge and even motivation), as well as some limitations: The 

interactive app was easy to use and was adapted to the curricular content, although the learning 

tasks were restricted; GeoGebra was difficult to use, but allowed the teachers to design materials; 
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and Logo brought about more drastic changes, because it modified how the curricular content was 

approached, which was also difficult for teachers (see also Sacristán & Enríquez, 2020). 

FINAL REMARKS 

Our study showed, first, some of the difficulties in access and training that many teachers in rural 

areas of developing countries face. The design-based study of a DP course, then showed how the 

integration of digital resources into the DS of teachers is a complex but necessary task. In order to 

have meaningful DT integration, it requires the collaboration of teachers, trainers, researchers and 

authorities, as well as access to hardware, with a development of teachers’ pedagogical technology 

knowledge (PTK) (Thomas & Palmer, 2014). 
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