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Abstract.  In this time of increasing presence of technologies in everyday life, questions 
about the place of these technologies in teaching and learning are crucial to prepare students 
for understanding the world and their integration as citizens aware of their possibilities and 
limitations. In the context of mathematics education, the tools proposed both from the point 
of view of communication and from that of calculation or dynamic representations of objects 
being acquired must be questioned from a perspective of benefits in terms of their 
understanding. 

Résumé. Dans ce temps de présence de plus en plus importante des technologies dans la vie 
de tous les jours, les questions de la place de ces technologies dans l'enseignement et 
l'apprentissage sont cruciales pour préparer les élèves à la compréhension du monde et à leur 
intégration comme citoyen conscient de leurs possibilités et de leurs limites. Dans le cadre de 
l'enseignement des mathématiques, les outils proposés tant du point de vue de la 
communication que de celui du calcul ou des représentations dynamiques des objets en cours 
d'acquisition doivent être interrogés dans une perspective de bénéfices quant à leur 
compréhension. 

1. Introduction of the WG4 

In this time of increasing presence of technologies in everyday life, issues about the place of these 
technologies in teaching and learning are crucial for the education of new generations. As 
technology is a tool for communication, for the conservation and sharing of diversified and always 
renewed data, for the facilitation of daily tasks, it must be studied to understand deeply its 
possibilities and limits. Hence, technology has to be present in the future citizens’ education from 
the very early age and particularly in mathematics teaching and learning. ICT makes world more 
complex but also gives opportunities to discovering mathematical concepts differently, making 
bridges between concepts, giving sense to engage students in mathematics. 
It’s a matter of tension between the increasing of complexity brought by technology and the 
facilitation in the understanding of concepts. Here we can think of the theoretical framework of 
instrumental genesis: before an artifact becomes an instrument to do something, its use modifies the 
way of doing things when it is shaped by the actors: 
According to this approach, the use of a technological tool involves a process of instrumental 
genesis, during which the object or artifact is turned into an instrument. This instrument is a 
psychological construct, which combines the artifact and the schemes (in the sense of Vergnaud, 
1996) the user develops to use it for specific types of tasks. In such instrumentation schemes, 
technical knowledge about the artifact and domain-specific knowledge (in this case, mathematical 
knowledge) are intertwined. Instrumental genesis, therefore, is essentially the co-emergence of 
schemes and techniques for using the artifact. (Drijvers & al. 2010) 
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The working group 4 addressed three main issues that can be summarized in the three questions: 
• How can ICTs contribute to learning rich in connections, in an increasingly complex world? 
• How can ICT be used in teacher training to promote understanding in mathematics? 
• How can we use ICT as teaching and learning tools, rather than instruments that replace 

students’ cognitive efforts?  

Communications 

Communications within WG4 have been diverse in term of contents, in terms of goals, countries 
and educational systems represented, but also in terms of school levels and technology. Each author 
or group of author provided a new point of view on the landscape of technology in mathematics 
education. It is interesting to review the various communications and discussions to perceive the 
variety of technology oriented research mathematics education. The discussions, following each 
communication, also clearly indicate the actual need of research in the field.  

Houssam Kasti spoke of the effect of a collaborative and iterative Geogebra module on in-service 
mathematics secondary teachers’ zones. In his communication he explained the conditions under 
which teachers can benefit from in-service training in term of teachers’ Valsiner’s zones relating to 
technology. His thesis clearly shows that training sessions are not enough to integrate technology 
into their teaching. It is necessary to add a specific intervention taking into account the teachers’ 
positioning with regard to technology in order to radically change the current  pedagogical behavior 
of teachers. 
Julia Bagdadi studied the principles used in the design of e-tasks in a context of formative 
assessment combined with rich tasks. The experiments done with students showed that the design 
principles of such tasks are more efficient when students can choose themselves some of the 
didactical variables of the exercises in order to solve problems according to their knowledge. It 
means that a very precise analysis of the variables that can be used is an important goal that 
designers must take into account.  
Marcello Bairral took profit of the manipulations on touch screen devices to explore mathematical 
properties of geometrical figures leaning students to justify the constructions, paying attention to 
gestures as moving, dragging, pulling and augmenting. These actions, essentially embodied and 
synchronous, produce meaning and augment the geometrical repertoire of students.  
Elisabete Cunha, Lina Fonseca and Isabel Cabrita raise the problems of the relationship between the 
use of technologies and computational thinking through programming in the context of teachers 
training. Through the programming of robots or drones, they show the interrelated skills in 
geometry and programming necessary to solve path problems, stressing the importance of 
collaborative work between students to manage both Artifact signs and Mathematical signs in a 
semiotic perspective.  
Audrey Cooke showed how 360.° videos can be used in the context of teachers training to observe 
children in early childhood education. In particular she showed how this observation tool allows 
discussions between teachers to recognize mathematical thinking in what children do and to 
understand the mathematical thinking they engage with. These observations strengthen new 
teachers’ efficacy in helping young children to develop and become aware of their mathematical 
skills. 

Gilles Aldon, starting by the observation that mathematics often only appears as a selection subject, 
explained the project of creating a game whose objective is to allow the students of the low 
secondary and high school to reflect on a positive orientation taking into account their tastes, their 
skills and a thorough knowledge of the trades. Technology, in this project, is a media that allows 
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students to work in and out of school through an epistemic game that takes profit of the 
technological dimension to enhance the skills, social and playful dimensions. 
Belmira Mota and Rosa Tomás Ferreira based their communication “Using WhatsApp to share 

mathematical ideas” on the premise that writing and learning influence each other. Yet, students 
reveal many difficulties in communicating mathematics in written form, which involves not only 
answering a given task but also making explicit and understandable to others the reasoning followed 
to solve that task.  Hence the authors challenged their classes to create Whatsapp groups in which 
students could share their questions, difficulties or ideas in a perspective of collaboration between 
them but also with the teacher, who, as the students gained autonomy, progressively played the role 
of moderator, letting them pose their own questions and validate their own answers. 
 
The posters’ presentation gave also the opportunity to hear from the authors about their research or 
class experiments.  Mária Čujdíková studies the relationships between games and mathematical 
thinking through observations and interviews. Uaiana Pratesand João Filipe Matos are interested in 
the e-learning platforms willing to identify possible dialogues between the Mathematics Teacher 
Programs in Distance Education (DE) and the new paradigms of communication, production and 
access to knowledge. Claire Chevrier shows how to use pattern and punches to study mathematical 
properties of plane transformations. 

Discussions 

Although the diversity of research on technology may appear to be a patchwork, the discussions in 
the group revealed the common goal of all these works:  to improve mathematics engagement but 
also mathematics competencies, knowledge, skills, emotions, attitudes, including the human ones 
and specific to mathematics. And this common goal leans to consider interactions with technology 
not in a functional sense but in a perspective of intentional interactivity, that is to say, answering 
questions of the value of technology in relation of other tools and considering goals in terms of 
knowledge construction. Technology has no goal to replace teachers but, in the contrary, it 
highlights the importance of the teacher who has to deal with the introduction of a reflection on the 
uses of technology and develop critical thinking at the same time as he/sh must take into account 
the place that technology plays in the daily lives of his/her students. The aim of the school is to 
prepare future citizens to live in the future world and technology is now present in the world. So, 
school must deal with issues and challenges that technology brings: how does it work? How to use 
it? To do what? What are the limits? What are the ethical issues? Is there a specific epistemology of 
computer science? What is changing in mathematics? In mathematics teaching?  In mathematics 
learning? We only have to look back 30 years to see how the use of technology has changed the 
perception of what mathematics can be in terms of calculation, representation, communication... Is 
it then possible to ignore it in mathematics teaching? 

However, the technology that teachers want to use is not necessarily the same than students use. 
One of the teachers’ roles is to make the link without forgetting the educational and 
teachingobjectives of the future citizen: using properties of technology to design games, but games 
with an epistemic background; using touchscreen manipulations or robots programming, but aiming 
at discovering geometrical properties of objects; using communications tools but with the will to 
make students write mathematical text and develop arguments and logical thinking. These new roles 
have to be taught and technology is in itself a tool allowing to approach  a better understanding of 
students behavior or teachers awareness of the importance of this reflection in a complex world, 
where different viewpoints are necessarily to catch the entire fact. Technology may be considered as 
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a way to show and to introduce complexity as well as to help to understand better the issues of this 
complexity. 
The following texts coming from the communications presented in the Working Group 4 of 
CIEAEM 71 reflect the need to continue working at future conferences in a specific group taking as 
an input the use of technology in teaching and learning of mathematics. 
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1. Introduction du GT4 
En cette époque de présence croissante des technologies dans la vie quotidienne, les questions 
relatives à la place de ces technologies dans l'enseignement et l'apprentissage sont cruciales pour 
l'éducation des nouvelles générations. La technologie étant un outil de communication, de 
conservation et de partage des connaissances et des données toujours renouvelées, de facilitation 
des tâches quotidiennes, elle doit être étudiée pour en comprendre profondément les possibilités et 
les limites. La technologie doit donc être présente dans l'éducation des futurs citoyens dès leur plus 
jeune âge, en particulier dans l'enseignement et l'apprentissage des mathématiques. Les TIC rendent 
le monde plus complexe, mais donnent aussi l'occasion de découvrir des concepts mathématiques 
différemment, de jeter des ponts entre les concepts, de donner un sens à la participation des élèves 
aux mathématiques. 
C'est une question de tension entre la complexité croissante apportée par la technologie et la 
facilitation dans la compréhension des concepts. On peut penser ici au cadre théorique de la genèse 
instrumentale : avant qu'un artefact ne devienne un instrument pour faire quelque chose, son 
utilisation modifie la façon de faire les choses quand il est façonné par les acteurs : 
According to this approach, the use of a technological tool involves a process of instrumental 
genesis, during which the object or artifact is turned into an instrument. This instrument is a 
psychological construct, which combines the artifact and the schemes (in the sense of Vergnaud, 
1996) the user develops to use it for specific types of tasks. In such instrumentation schemes, 
technical knowledge about the artifact and domain-specific knowledge (in this case, mathematical 
knowledge) are intertwined. Instrumental genesis, therefore, is essentially the co-emergence of 
schemes and techniques for using the artifact. (Drijvers & al. 2010) 
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Le groupe de travail 4 a abordé trois questions principales qui peuvent être résumées dans les trois 
questions : 
    - Comment les TIC peuvent-elles contribuer à un apprentissage riche en connexions, dans un 
monde de plus en plus complexe ? 
    - Comment les TIC peuvent-elles être utilisées dans la formation des enseignants pour 
promouvoir la compréhension en mathématiques ? 
    - Comment utiliser les TIC comme outils d'enseignement et d'apprentissage plutôt que comme 
instruments qui remplacent les efforts cognitifs des élèves ?  

Communications 

Les communications au sein du GT4 ont été diverses en termes de contenu, en termes d'objectifs, de 
pays et de systèmes éducatifs représentés, mais aussi en termes de niveaux scolaires et de 
technologie. Chaque auteur ou groupe d'auteurs a présenté un nouveau point de vue sur le paysage 
de la technologie dans l'enseignement des mathématiques. Il est intéressant de passer en revue les 
diverses communications et discussions pour percevoir la variété des recherches sur l'enseignement 
des mathématiques médiées par la technologie. Les discussions, à la suite de chaque 
communication, indiquent aussi clairement le besoin réel de recherche dans ce domaine.  
Houssam Kasti a parlé de l'effet d'un module collaboratif et itératif de Geogebra sur les zones des 
enseignants de mathématiques en service dans le secondaire. Dans sa communication, il a expliqué 
les conditions dans lesquelles les enseignants peuvent bénéficier d'une formation continue en 
s’appuyant sur les zones définies par Valsiner des enseignants en matière de technologie. Sa thèse 
montre clairement que les sessions de formation ne suffisent pas pour intégrer la technologie dans 
leur enseignement. Il est nécessaire d'ajouter une intervention spécifique prenant en compte le 
positionnement des enseignants par rapport à la technologie afin de changer radicalement le 
comportement pédagogique actuel des enseignants. 
Julia Bagdadi a étudié les principes utilisés dans la conception de tâches dans un contexte 
numérique et d'évaluation formative construites sur des tâches riches. Les expériences faites avec 
les élèves ont montré que les principes de conception de ces tâches sont plus efficaces lorsque les 
élèves peuvent choisir eux-mêmes certaines des variables didactiques des exercices afin de résoudre 
des problèmes en fonction de leurs connaissances. Cela signifie qu'une analyse très précise des 
variables qui peuvent être utilisées est un objectif important que les concepteurs doivent prendre en 
compte.  

Marcello Bairral, en étudiant les manipulations sur les appareils à écran tactile, explore les 
propriétés mathématiques des figures géométriques en demandant aux élèves de justifier les 
constructions, en prêtant attention aux gestes comme bouger, traîner, tirer et augmenter. Ces actions, 
essentiellement incarnées et synchrones, produisent du sens et augmentent le répertoire géométrique 
des élèves.  
Elisabete Cunha, Lina Fonseca et Isabel Cabrita soulèvent les problèmes de la relation entre 
l'utilisation des technologies et la pensée computationnelle par la programmation dans le contexte 
de la formation des enseignants. Par la programmation de robots ou de drones, elles mettent en 
évidence les compétences interdépendantes en géométrie et en programmation nécessaires pour 
résoudre les problèmes de trajectoires, soulignant l'importance du travail collaboratif entre les 
élèves pour gérer à la fois les signes d'artefact et les signes mathématiques dans une perspective 
sémiotique.  

Audrey Cooke a montré comment les vidéos 360° peuvent être utilisées dans le cadre de la 
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formation des enseignants pour observer les enfants dans l'éducation de la petite enfance. Elle a 
notamment montré comment cet outil d'observation permet aux enseignantes et enseignants de 
reconnaître la pensée mathématique dans ce que font les enfants et de comprendre la pensée 
mathématique à laquelle ils participent. Ces observations renforcent l'efficacité des nouveaux 
enseignants pour aider les jeunes enfants à développer et à prendre conscience de leurs compétences 
en mathématiques. 
Gilles Aldon, partant du constat que les mathématiques n'apparaissent souvent que comme un sujet 
de sélection, a expliqué le projet de création d'un jeu dont l'objectif est de permettre aux élèves du 
collège et du lycée de réfléchir sur une orientation positive tenant compte de leurs goûts, de leurs 
compétences et d'une connaissance approfondie des métiers. La technologie, dans ce projet, est un 
média qui permet aux élèves de travailler à l'école et en dehors de l'école à travers un jeu 
épistémique qui tire profit de la dimension technologique pour améliorer les compétences, les 
dimensions sociales et ludiques. 

Belmira Mota et Rosa Tomás Ferreira ont basé leur communication "Using WhatsApp to share 
mathematical ideas" sur le principe que l'écriture et l'apprentissage s'influencent mutuellement. 
L’expérience montre que les élèves ont de nombreuses difficultés à communiquer les 
mathématiques sous forme écrite, non seulement pour répondre à une tâche donnée, mais aussi pour 
rendre explicite et compréhensible pour les autres le raisonnement suivi pour résoudre cette tâche. 
Les auteurs ont donc mis leurs classes au défi de créer des groupes Whatsapp au sein desquels les 
élèves pourraient partager leurs questions, difficultés ou idées dans une perspective de collaboration 
entre eux mais aussi avec l'enseignant qui, au fur et à mesure que les élèves gagnaient en 
autonomie, jouait un rôle de modérateur, leur laissant poser leurs propres questions et valider leurs 
propres réponses. 

La présentation des affiches a également donné l'occasion aux auteurs d'entendre parler de leurs 
recherches ou de leurs expériences en classe.  Mária Čujdiková étudie les relations entre les jeux et 
la pensée mathématique à travers des observations et des interviews. Uaiana Prates et João Filipe 
Matos s'intéressent aux plates-formes d'apprentissage en ligne pour identifier les dialogues possibles 
entre les programmes d'enseignement des mathématiques à distance (DE) et les nouveaux 
paradigmes de communication, de production et d'accès au savoir. Claire Chevrier montre comment 
utiliser les patrons et les poinçons pour étudier les propriétés mathématiques des transformations 
planes. 

Discussions 

Bien que la diversité de la recherche sur la technologie puisse lui donner un caractère disparate, les 
discussions au sein du groupe ont révélé l'objectif commun de tous ces travaux : améliorer 
l'engagement mathématique mais aussi les compétences en mathématiques : connaissances, 
aptitudes, émotions, attitudes, y compris celles des humains et spécifiques aux mathématiques. Et 
cet objectif commun tend à considérer les interactions avec la technologie non pas dans un sens 
fonctionnel mais dans une perspective d'interactivité intentionnelle, c'est-à-dire en répondant aux 
questions sur la valeur de la technologie par rapport aux autres outils et en considérant les objectifs 
en termes de construction du savoir. La technologie n'a pas pour objectif de remplacer les 
enseignants, mais au contraire, elle souligne l'importance de l'enseignant qui doit faire face à 
l'introduction d'une réflexion sur les usages de la technologie et développer une pensée critique tout 
en tenant compte de la place que la technologie joue dans la vie quotidienne de ses élèves. 
L'objectif de l'école est de préparer les futurs citoyens à vivre dans le monde du futur et la 
technologie est maintenant présente dans le monde. L'école doit donc faire face aux problèmes et 
aux défis que pose la technologie : comment fonctionne-t-elle ? Comment l'utiliser ? Pour faire 
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quoi ? Quelles sont les limites ? Quelles sont les questions éthiques qui se posent ? Existe-t-il une 
épistémologie spécifique de l'informatique ? Qu'est-ce qui change en mathématiques ? Dans 
l'enseignement des mathématiques ?  Dans l'apprentissage des mathématiques ? Il suffit de regarder 
30 ans en arrière pour voir comment l'utilisation de la technologie a changé la perception de ce que 
peuvent être les mathématiques en termes de calcul, de représentation, de communication… Est-il 
alors possible de l'ignorer dans l'enseignement des mathématiques ? 
Cependant, la technologie que les enseignants veulent utiliser n'est pas nécessairement la même que 
celle qu'utilisent les élèves ; l'un des rôles des enseignants est de faire le lien sans oublier les 
objectifs institutionnels et pédagogiques du futur citoyen : utiliser les propriétés de la technologie 
pour concevoir des jeux, mais des jeux avec un fond épistémique, utiliser des manipulations d'écran 
tactile ou la programmation robotique, mais viser à découvrir les propriétés géométriques des 
objets, utiliser des outils de communication mais avec la volonté de faire écrire aux élèves des 
textes mathématiques et développer l’argumentation et la pensée logique. Ce nouveau rôle doit être 
enseigné et la technologie est en soi un outil permettant d'aborder une meilleure compréhension du 
comportement des élèves ou une prise de conscience par les enseignants de l'importance de cette 
réflexion dans un monde complexe, où des points de vue différents doivent nécessairement saisir le 
fait dans son ensemble. La technologie peut être considérée comme un moyen de montrer et 
d'introduire la complexité ainsi que d'aider à mieux comprendre les enjeux de cette complexité. 
Les textes suivants, issus des communications présentées dans le Groupe de travail 4 du CIEAEM 
71, reflètent la nécessité de continuer à travailler lors de futures conférences au sein d'un groupe 
spécifique en prenant comme contribution l'utilisation de la technologie dans l'enseignement et 
l'apprentissage des mathématiques. 
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Abstract. The importance of quality early childhood education is acknowledged, particularly 
the potential impact it has on children’s later engagement with learning. Mathematics, 
specifically, has been identified as an area where experiences in early childhood have the 
capacity to echo through the child’s life – influencing their schooling, further educational 
experiences, and work opportunities. Educators in early learning centres need be able to 
notice the mathematics in what young children do as, in noticing the mathematics, they will 
create further opportunities for children to engage with mathematics. This paper outlines 
how 360-degree video has been used to design a resource to address pre-service educator 
skills in noticing mathematics in what young children do and considers the affordances 360-
degree video can offer beyond what has been previously available. 

Résumé. L'importance d'une éducation de qualité pour la petite enfance est reconnue et en 
particulier l'impact potentiel qu'elle a sur l'engagement ultérieur des enfants dans 
l'apprentissage. Les mathématiques, en particulier, ont été identifiées comme un domaine 
dans lequel les expériences de la petite enfance se répercutent sur la vie de l'enfant, en 
influençant sa scolarité, ses expériences éducatives ultérieures et ses possibilités de travail. 
Les professeurs des écoles maternelles doivent être en mesure de remarquer les 
mathématiques dans ce que font les jeunes enfants car, en pointant les mathématiques, ils 
créeront d'autres opportunités pour les enfants de s'engager dans les mathématiques. Ce 
document décrit comment la vidéo à 360 degrés a été utilisée pour produire une ressource 
permettant aux éducateurs en formation initiale d'acquérir les compétences nécessaires pour 
mettre en évidence les mathématiques dans ce que font les jeunes enfants et considère que la 
vidéo à 360 degrés offre de nombreuses opportunités qui n’étaient pas encore disponibles 
sans cette technologie. 

1. Introduction 

Children aged up to three years of age (referred to as ‘young children’) can engage in with 
mathematics in their everyday play and activities (Department of Education, Employment and 
Workplace Relations [DEEWR], 2009). Garvis and Nislev (2018) describe how young children’s 
engagement with and sense-making of their environments generates and develops early 
mathematical understandings. As a result, Garvis and Nislev state that the environment and the 
adults within that environment need to support children’s engagement. Even everyday activities 
help children develop their mathematical understandings and abilities; likewise, activities young 
children initiate themselves have the capacity to show their mathematical understandings 
(Björklund & Pramling, 2017). Franzén (2015) noted the points made by Sheridan, Pramlin, 
Samuelsson, and Johansson (2009, as cited in Franzén, p. 45) – that children between the ages of 
one and three years develop mathematical understandings and that the great variability in their 
mathematical understandings indicates that this is a period that needs to be closely considered 
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regarding later mathematical understandings. 
 
In an educational setting, the educator greatly influences the opportunities children have to engage 
with mathematics (Linder & Simpson, 2018) and determines the environment, including what 
children can access, how long they may be able to access it, the engagement with other children, 
and the interactions with the educator, as well as bearing the responsibility for identifying the 
mathematical ideas that children may develop or use when engaging with the environment. The 
early childhood educator needs to create a quality environment (Cohrssen & Tayler, 2016), but also 
needs to be able to identify and understand the mathematical thinking children may be using when 
engaging with the environment (Ginsburg, 2016). The early childhood educator also needs to be 
able to observe what children do and interpret what it is they see (Trawick-Smith, Swaminathan, & 
Liu, 2016). Without having the opportunity to develop the understandings and skills to notice 
mathematics, early childhood educators may not be able to identify mathematics in what young 
children do when engaged in play (Anders & Rossbach, 2015). 
 
Parks and Wager (2015) expressed concern that early childhood educators may not believe that 
young children can engage mathematically or may believe that young children are not ready. Early 
childhood educators may consider mathematics as not important for young children (Linder & 
Simpson, 2018). In addition, early childhood educators may not be able to identify mathematics 
(Garvis & Nislev, 2018). Early childhood educators’ capacity to identify mathematics may also be 
impeded if they do not develop the knowledge and skills when preservice educators. Early 
childhood educator education needs to enable preservice early childhood educators to develop the 
skills required to create quality environments that enable young children to develop mathematical 
thinking (Cohrssen & Tayler, 2016) as well as the skills to identify the mathematical thinking young 
children use within that environment (Garvis & Nislev, 2018), whether it is through educator-
initiated or child-initiated activities.  
 
Unfortunately, as Ertle, Rosenfeld, Presser, and Goldstein (2016) state, early childhood educator 
education does not place sufficient emphasis on mathematics education in early childhood. 
Ginsburg (2016) expressed concern at the lack of mathematics education within courses that 
preservice educators complete in early childhood education programs, especially, he states, with the 
fear and lack of understanding they have regarding mathematics. The lack of early childhood 
mathematics education within early childhood initial educator education programs can be 
compounded as many preservice educators (PSE) do not engage with or feel confident with 
mathematics or have anxiety about mathematics and teaching mathematics (Cohrssen & Tayler, 
2016).  

2. Pre-service educator (PSE) education 

Choi and Dobbs-Oats (2014) support claims that educator preparation needs to provide a greater 
focus on the development of PSE skills regarding young children’s mathematical understandings 
and how they develop. They emphasise the importance of early learnings of young children acting 
as the foundation of their subsequent learnings, particularly with early mathematics experiences. 
However, they expressed concern regarding the quality of the mathematical activities that young 
children may experience in early learning centres, and proposed that this may be an outcome of the 
mathematics education opportunities in PSE education. As a result, they expressed support for 
improvements in mathematics education both PSE education and professional development for in-
service educators.  
 
It is the role of educators to prepare early childhood PSEs to “recognize mathematical ideas, 
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concepts and language in what children make, say and do” (Cohrssen & Tayler, 2016, p. 25). 
Without this capacity, Cohrssen and Tayler state that PSEs may struggle in their attempts to create 
appropriate environments and experiences to develop young children’s mathematical 
understandings. Their research considered the PSEs self-efficacy and mathematical content 
knowledge at the beginning and the end of a course on mathematics education. They found that 
there were several significant increases in the areas investigated for mathematical content 
knowledge and that significance was found for all self-efficacy responses, as well as the finding that 
the PSEs self-efficacy was not related to their results regarding mathematical content knowledge. 
Cohrssen and Tayler concluded that it is possible for courses to improve PSEs engagement with 
mathematics, and that this should be investigated further to identify whether it is sustained through 
the PSEs studies and into their first years as an educator.  
 
Wager and Parks (2016) argue for early childhood educators to be able to identify the mathematics 
within play, both in what the child does when engaging in play but also in terms of the opportunities 
they create for children to engage with during play. They consider that it is of critical importance for 
PSE courses for early childhood educators to help PSEs develop understandings for recognising 
mathematics in the play of young children as well as in the use of strategies for creating play 
opportunities that support mathematical learning of young children. Wager and Parks also 
recommended a greater focus on what is required in early childhood mathematics education within 
early childhood educator courses.  
 
Early childhood educators need to know what mathematics their children know as, Trawick-Smith 
et al. (2016) explain, this forms the basis of the scaffolding they will use when creating experiences 
for the children. The educator’s knowledge of their children’s mathematical understandings can be 
used in their interactions, often occurring in play situations (Trawick-Smith et al.). In their study on 
the impact on mathematical thinking of organic educator and child interactions in play, Trawick-
Smith et al. found that the greatest impacts were the mathematical understandings children bring to 
the learning experience and the tailoring of support from the educator to reflect the mathematical 
understandings the child already has. If the educator cannot identify the mathematical 
understandings of the child, this would impact their capacity to appropriately scaffold the child in 
future learnings. 

3. Pre-verbal young children and mathematical thinking 

Franzén (2015) considered how a young child might develop and demonstrate their mathematical 
understandings. She wrote of how, as a researcher, she could help young children with limited 
language by “expressing their voices” (p. 47), noting that this would require the application of her 
understandings of how young children engage with learning environments. The observations were 
conducted within a learning environment setting and involved in a very young child interacting with 
a climb-in toy car. In her writing, Franzén shows that the consideration of the physical actions 
involved in the behavior of the young child could be linked to mathematical thinking. The 
appropriateness of this approach – “focusing on how children use their bodies when they solve 
mathematical problems” (p. 45) – was considered via the discussion of existing research, 
particularly Palmer (2011, as cited in Franzén, p. 45), who considered the child’s physicality as a 
demonstration of mathematical understandings. 
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4. Using video for observing very young children 

Video of young children can be used to identify the activities they engage in during their everyday 
activities (Lynch & Stanley, 2018). Lynch and Stanley indicated that this could enable children to 
engage in context-driven observations that could “operationalize a rights-based approach” (p. 57), 
particularly for pre-verbal children who could not communicate verbally or via writing or drawing. 
To determine whether the observed behaviours were occupational, Lynch and Stanley used the four 
core aspects from Wood, Towers, and Malchow (2000, as cited in Lynch & Stanley, p. 61) – there 
were transactions (such as looking at, touching, or grasping) with the components of the 
environment that the child was in; the child’s behavior was intentional in terms of being about 
elements of the environment; there was a purposeful aspect regarding a final result or a goal for the 
behaviour; and the child chose to persist in their actions, demonstrating agency. Lynch and Stanley 
found that using videos enabled researchers to engage in cyclical analysis, repeatedly watching the 
videos and generating detailed data. However, they also noted that if a hand-held video camera was 
used, the researcher could struggle in terms of maintaining distance whilst also becoming part of the 
environmental context. 
 
Affordances are available through videos that are not available during in-the-moment situations as 
they enable multiple viewings. Ertle et al. (2016) state “videos can be played and replayed, as well 
as argued and explored more deeply. … They can show examples of children’s behaviour, which 
teachers can analyze and use as the basis for making inferences about children’s learning and 
thinking” (p. 980). Ertle et al. further suggests that using videos can likewise help educators develop 
their skills in observation and their awareness of mathematical ideas that are evident in what the 
children do. Ginsburg (2016) also proposes that videos help educators learn to recognise 
mathematical thinking in what children do and to understand the mathematical thinking young 
children engage with.  
 
Trawick-Smith et al. (2016) reiterate the importance of early childhood educators knowing the 
needs of their children. They also identified the use of observation, particularly of children’s play, 
and identify videos as providing affordances that may not otherwise be possible: 

teachers need to learn to observe and interpret children’s play … (and) … that 
greater attention should be paid in teacher education to interpreting and 
supporting play. … Providing teachers with opportunities in self-analysis of 
video-recorded play interactions would be particularly helpful. (p. 728).  

5. Using 360-degree video in pre-service early childhood educator mathematics education 

Newer 360-degree video shows all aspects of the environment, enabling mathematics in everyday 
activities that the child may self-initiate to be observed (Björklund & Pramling, 2017). One of the 
more powerful aspects of the 360-degree video is viewer manipulation of the perspective. Viewers 
can focus on actions that show young children can engage in sophisticated mathematical thinking 
(English, 2016). In an early learning setting, this is very important, much as Wager and Parks 
(2016) state, as young children may engage with an aspect of the environment the educator has set 
up intentionally to initiate mathematical thinking but may also move away from intentional settings 
to engage in highly mathematical self-initiated play (Björklund & Pramling, 2017).  
 
This paper focuses on the capacity of 360-degree videos to generate affordances that were not 
previously possible. There are two affordances that are considered – the opportunity for the 
situating of the experience within the context of the full (360-degree) environment within which it 
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occurs and the opportunity of the viewer to share with others what they are seeing within the 360-
degree video. The first of these affordances was not previously possible, as traditional video was 
dependent on the perspective of the person holding or placing the video camera. This resulted in 
only that perspective of the environment being made visible to those who would later view the 
videos. This could limit the opportunities for identifying the mathematics that might be evident and 
the aspects of the environment or objects that the young child may have engaged with. In addition, 
if the camera was being held, it could result in a conflict if the camera-holder felt they needed to 
intervene in what the child was doing due to safety concerns (Lynch & Stanley, 2018). 
 
The second affordance enables sharing of the mathematics identified by those who are also 
watching in real time as well as discussing what was seen and the mathematics identified at a later 
point in time. This is similar to the video benefit of being able to rewind and review what has been 
seen (Ginsburg 2016), as it enables additional considerations that may not have been evident with 
one viewing opportunity to provide feedback. In each of these instances, the PSE can share the 
mathematics they link the actions of the young children to and the elements of the environment that 
the young child may have engaged with that generated the mathematical thinking, enabling the PSE 
educator and the other PSEs viewing the video to offer immediate feedback in real time or 
considered feedback at a later point in time. This enables all viewers to strengthen their observation 
skills in noticing mathematics.  
 
The platform housing the 360-degree videos was created as part of the 360 Video in Education 
Project (see https://computation.curtin.edu.au/research/groups/multimodal-analysis-
group/projects/atn-projects/). The platform is available online and enables viewers to manipulate the 
360-degree video to focus in on specific aspects. The project developed data analytics to enable 
instructors to identify what the viewer looks at and for how long (Curtin University, n.d.). This 
provides an additional affordance as it would enable PSE educators to identify aspects of the video 
held most PSEs’ attention, which could be used to identify whether the PSEs are able to notice all 
mathematics that was evident, such as those described by Bishop (1988), or focus on a narrower 
range of mathematics, such as number or geometry (Hachey, 2013). The PSE educators can then 
revisit the videos with the PSEs to: 

• Provide feedback to the PSEs on the mathematics they noticed in the areas of the 360-degree 
video that was their focus; 

• Identify additional mathematics that may be evident from the actions of the young children 
that were within the areas of the 360-degree video that were the focus of the PSEs; 

• Highlight other areas within the 360-degree video that also involved young children 
engaging in behaviours and actions that may indicate mathematical thinking, as well as the 
mathematical thinking that may have been evident in those actions; 

• Identify behaviours and actions that may not have been identified by the cohort of PSEs and 
address them more thoroughly in the structure and planning for the PSEs when using the 
360-degree videos. 

• Analyse the mathematics recognised by the cohort (and subsequent cohorts) of PSEs to 
identify areas of mathematics that may be frequently missed in the actions of the young 
children. 

 
The recognition of the mathematical engagement of these pre-verbal young children, in both the 
ways the child experiences the intentionally created environment as the educator intended and in the 
ways the child creates novel experiences in the intentionally created environment that the educator 
had not anticipated through child-initiated play (Björklund & Pramling, 2017), will also inform the 
PSEs’ planning. It may be in terms of identifying the children’s existing mathematical 
understandings, in distinguishing the environments, objects or situations that are linked to 
mathematical understandings, or in the creation of experiences that help the children develop further 
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mathematical understandings, all of which are important considerations for continually developing 
young children’s mathematical understandings (Björklund & Pramling, 2017). This will ensure the 
PSEs develop quality experiences for the young children they work with that will progress the 
children’s engagement with mathematics (Cohrssen & Tayler, 2016).  

6. Conclusion 

Developing PSE observations skills to enable them to notice mathematics that young children 
engage with (Wager & Parks, 2016) and to identify the environments, objects, and situations that 
enable young children to demonstrate mathematical thinking through physical actions (Franzén 
2015) are vital in PSE education. Incorporating a strong focus on this in their PSE education may 
enable the PSE to strengthen their efficacy in helping young children develop early mathematical 
skills (Cohrssen & Tayler, 2016), and potentially the perceived impact on the young children they 
work with, possibly into the children’s adulthood (Anders & Rossbach, 2015).  
 
PSE educators need to help PSEs develop the capacity to identify mathematical understandings 
evident in play (Anders & Rossbach, 2015), but the development of the PSE skills to notice 
mathematics in pre-verbal young children needs to move beyond language to consider the child’s 
physicality as a means of demonstrating mathematical understandings (Franzén 2015). This would 
provide agency for pre-verbal children who could not communicate through writing or drawings 
(Lynch & Stanley, 2018). However, PSE educators need the resources with which to help PSEs 
identify the mathematical understandings that pre-verbal young children may express with their 
physical actions, as well as the opportunity to identify the environments, objects, and situations that 
may elicit these actions.  
 
Using 360-degree videos enable PSEs and PSE educators to see young children’s mathematical 
thinking through their actions within both educator-initiated and child-initiated activities (Björklund 
& Pramling, 2017). The capacity to rewind and review what is seen within all of the environment 
(Ginsburg 2016) can enable a closer examination of what the child does – their behaviours and 
actions – and has the capacity to aid in the identification of both the actions of the pre-verbal young 
child and the environments, objects, and situations that stimulate these behaviours and actions. 
Combining these two together could lead to the PSE selecting objects and creating environments 
and situations that further stimulate young children’s mathematical understandings (Garvis & 
Nislev, 2017).  
 
The generation of both real-time sharing and sharing at a later time will enable greater reflection on 
the mathematics that may be evident in the young child’s actions and on the young child’s 
engagement with their environment, objects, and situations. Reflection with PSE educators and 
peers may help solidify links between what they have learned and what they actually see in the 
videos (Cohrssen & Tayler, 2016). Providing both real-time sharing and sharing at a later time also 
enables a greater opportunity for a wider range of PSEs to engage with the videos (Lynch & 
Stanley, 2018) – to share the mathematics they identified, and to consider the young child’s 
interactions with their environment, objects, and situations – extending the opportunities to give and 
receive feedback.  
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Abstract. In this paper, we share the results of an ongoing research in which we seek to 
understand how the digital tool WhatsApp may support students’ communication of their 
mathematical questions, difficulties and ideas, and how it helps in overcoming those 
questions and difficulties. We focus on two research questions: 1) How do students express 
their difficulties within their WhatsApp group? and 2) How do the interactions within the 
group support students’ learning? This exploratory study follows directly from the first 
author’s practice and involved three secondary level classes, each one with its own 
WhatsApp group. The analysis of the postings in all groups indicates that students used their 
WhatsApp group to post their questions and doubts, and share ideas and solutions, going 
beyond curricular topics and including mathematical curiosities. The digital tool fostered the 
development of students’ communication skills and became an environment in which they 
progressively gained collaborative autonomy, communicating mathematics with each other 
and reaching solutions, which they also validated. The teacher also gained more information 
about her students’ mathematical thinking, becoming better equipped to adjust instruction 
according to their difficulties. Some reflections on the practicalities of implementing similar 
initiatives are made. 

Résumé. Dans cet article, nous partageons les résultats d’une recherche en cours dans 
laquelle nous cherchons à comprendre comment la technologie numérique WhatsApp peut 
aider les étudiants à communiquer leurs questions mathématiques, leurs difficultés et leurs 
idées, et comment il peut aider les étudiants à surmonter leurs questions et difficultés. Nous 
nous concentrons sur deux questions de recherche: 1) Comment les étudiants expriment-ils 
leurs difficultés au sein de leur groupe WhatsApp? et 2) Comment les interactions au sein du 
groupe favorisent-elles l’apprentissage des élèves? Cette étude exploratoire découle 
directement de la pratique du premier auteur et a impliqué trois classes de niveau secondaire, 
chacune avec son propre groupe WhatsApp. L'analyse des publications dans tous les groupes 
indique que les étudiants ont utilisé leur groupe WhatsApp pour poser leurs questions et 
leurs doutes, et partager des idées et des solutions, allant au-delà des matières du programme 
scolaire et intégrant des curiosités mathématiques. La technologie numérique a favorisé le 
développement des compétences en communication des étudiants et est devenu un 
environnement dans lequel ils ont progressivement acquis une autonomie collaborative, 
communiquant les mathématiques les uns avec les autres et proposant des solutions qu’ils 
ont également validées. L’enseignante a également obtenu plus d’informations sur la pensée 
mathématique de ses élèves, devenant ainsi mieux équipée pour ajuster l’enseignement en 
fonction de leurs difficultés. Quelques réflexions sur les aspects pratiques de la mise en 
œuvre d'initiatives similaires sont faites. 

MSC: 97D40 



“Quaderni	di	Ricerca	in	Didattica	(Mathematics)”,	Numero speciale n. 7, 2020	
G.R.I.M.	(Departimento	di	Matematica	e	Informatica,	University	of	Palermo,	Italy)	

	

 384 

1. Writing to communicate mathematics and the role of digital technologies 

“Writing has always connected people through space, time, and culture” (Haas, 2013; cited in 
Freeman, Higgins, & Horney, 2016, p. 287). In particular, writing is a means of communication, of 
learning, and of discovery (Sabrio, Sabrio, & Tintera, 1993). Moreover, it plays a fundamental role 
in learning (Ponte, Serrazina, Guimarães et al., 2007), supported on a set of representations that 
facilitate the communication processes (Boavida, Paiva, Cebola, Vale, & Pimentel, 2008).  
In fact, writing and learning influence each other – when they write, students focus on what they are 
learning, and develop their thinking, as well as the various representations which support that same 
thinking (such as diagrams, drawings, symbols, etc.) (NCTM, 2000, 2014). At the same time, 
whenever they need to communicate mathematical ideas in written form, students have to reflect on 
their knowledge, while also identifying aspects in which difficulties persist; thus, writing 
mathematics helps in learning mathematics (Burns, 2008; Pimm, 1996; Yackel, 1995).  
However, students reveal quite a lot of difficulties in writing mathematics throughout their school 
path (Carvalho, 2011), not so much due to weaknesses in their mathematical knowledge, but mainly 
due to the difficulties they feel when they verbalize that same knowledge. Yet, and even taking into 
account that external assessment is heavily dependent on writing, students’ ability to write 
mathematically is rarely explicitly focused in the mathematics classroom (Martinho, 2017).  
Communicating, in written form, in mathematics involves not only answering to a given task 
(which may be posed in various ways and may have distinct levels of cognitive demand), but also 
making explicit the reasoning followed in order to solve it, in a way that is clear and understandable 
by others. Different channels may be used to achieve such written communication, among which we 
can find the digital technologies. 
“The writing that is produced using these [digital technologies] is easily sharable, updatable, and 
portable, as well as collaborative and social in nature” (Freeman et al., 2016, p. 283). Furthermore, 
when students write in tools like blogs or various applets for exchanging messages, they expect to 
“receive comments and immediate feedback from their teachers and possibly their peers” (Freeman 
et al., p. 284). 
Writing mathematics resorting to digital technologies frees the very act of writing from space 
limitation, but changes the ways in which the written words and other representations to 
communicate mathematical ideas are recorded. Students are prompted to be a part of an 
interconnected community, where sharing and discussing knowledge is a constant feature. However, 
research on how digital technologies favor the development of written communication abilities in 
mathematics is still scarce. 

1.1 Context and goals of the study 

As such, we have challenged three secondary level classes to create a group, one per each class, on 
WhatsApp. Each group was constituted by the whole set of students in their class and their 
respective mathematics teacher. The goal of such groups was to create an environment in which 
students could share their questions, difficulties or ideas, about any mathematical topic or aspect, 
and look for mutual help. The mathematics teacher would work as a supervisor of the group, 
intervening whenever she would find necessary or whenever her help would be requested. 
In our research, which is still ongoing, we seek to understand how the digital tool WhatsApp 
supports students’ interactions, mainly regarding the communication of their mathematical 
questions, difficulties and ideas, and how it helps in overcoming those questions and difficulties. 
We also search to characterize the communication in mathematics that is established through this 
digital tool.  
However, in this paper, we focus on the following research questions only: 1) How do students 
express their difficulties within their WhatsApp group? and 2) How do the interactions within the 
group support students’ learning? 
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2. Methodological procedures 

This study has a clear exploratory character, and it follows directly from the teaching practice of the 
first author, with three secondary level classes (two of 10th grade – 15 years-old – and one of 11th 
grade – 16 years-old), in a private school in northern Portugal. The students frequently interacted 
through smartphones apps, in particular, WhatsApp. Thus, the teacher decided to use that same app 
as a true resource for the mathematics teaching and learning process (Adler, 2000).  
As such, she proposed the constitution of three WhatsApp groups, one per each class, being her the 
sole common element to those groups. The administrator of each group was the respective class 
delegate. Data have been collected since September 2018. In this paper, we focus on the records of 
students’ communications, within their WhatsApp group, amongst them and with the teacher. Next, 
we present a preliminary global analysis of the data gathered so far. 

3. Analysis of some preliminary results 

At first, students’ postings on WhatsApp, in their respective groups, aimed, mainly, at 
communicating the teacher their difficulties. For example, as shown in figure 1, a student 
photographed a textbook exercise in which he was having trouble and asked the teacher directly: 
“Teacher, how are we supposed to solve [exercise] 43.1 without seeing [i.e., having available] the 
line equation?” 
 

 
Figure 1. Example of students’ initial questions posted on WhatsApp. 

 
In her interventions on WhatsApp, the teacher always pushed students to mobilize their 
mathematical knowledge, without answering their questions directly. In this particular case (see 
figure 2), the teacher answered by posing two questions, striving to guide the student’s attention 
towards important mathematical aspects of the situation, which would be instrumental for solving 
the task: “What points lay on the blue part? What do they have in common?” Almost immediately, 
the student realized that those points “were closer to point A”, an assertion the teacher quickly 
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validated: “Exactly”.  
 

 
 

Figure 2. The teacher’s response, scaffolding student thinking. 
 
As shown in figure 2, the student found a way to solve the task: “Ok, I got it. We have to use the 
formula for distances. Thank you, teacher”. In general, students were actually capable of 
overcoming their difficulties, reaching answers to their own questions and doubts.  
Progressively, students posed fewer questions to the teacher and placed her fewer doubts directly. 
For example, figure 3 depicts a situation in which student H posed a question directly to the teacher. 
Yet, in replying to him, student F shared her solution with the whole group: “I solved this way”.   

 

 
Figure 3. Students’ interactions on WhatsApp. 

 
The teacher’s post drew on F’s solution (see figure 4) to ensure H had understood F’s solution and 
explanation: “H, did you understand F’s solution? Remember what I have said many times [in 
class]: when a result is given (in this case, a volume), the exercise usually involves solving an 
equation”. H quickly replied by saying: “[Yes,] I understood. I was trying to solve as if QV were the 
hypotenuse and the height of the pyramid and 2/[2] (square root of two) the [right triangle] sides; do 
you see?”. And the teacher wrapped up: “I see. But, that way wouldn’t work because you would 
have to know the coordinates for V, which is what you are looking for…” 
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Figure 4. Teacher and student’s interactions to ensure understanding. 

 
Figure 5 illustrates an instance in which the student’s doubt is posed to the whole group, rather than 
directly to the teacher. In fact, over time, students began clarifying doubts to each other, relying 
fewer and fewer on the teacher. 

 
Figure 5. A student question posed to the whole WhatsApp group. 

 

Sometimes, the students used text to indicate the task in which they were having trouble. Other 
times, they resorted to the affordances of the tool in order to indicate to others what their question 
or doubt was. In figure 6, the student started by photographing the textbook page where the exercise 
which he was having trouble with was posed. But then, not only did he type text upon the 
photograph, but he also used the drawing tool to signal the corresponding exercise number in the 
textbook. 
 

 
Figure 6. Use of different affordances of WhatsApp. 
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The fact that the students progressively directed their posts to all elements in the group fostered 
their interactions. When sharing their own solutions to tasks or answers to classmates’ questions or 
doubts, the students felt the need to be clear in communicating their ideas and to overcome the 
typing limitations of WhatsApp in terms of writing mathematical symbols. Indeed, such limitations 
were not very hard to overcome, and the students did that in a quite simple and intuitive way – for 
example, they wrote “ – 3 + [square] root of 5” to represent −3+ 5.  
 

 
Figure 7. Students’ interactions around a question raised by one of them. 

 
Figure 7 depicts a dialogue among three students (each different colored band identifies a different 
student) about an exercise which one of them was having trouble with. The students ended up 
clarifying their own questions and the teacher had no need to intervene.  
However, the students resorted to their WhatsApp groups to do more than place their questions or 
doubts to each other. The group also worked as a place to share presentations made during class 
sessions (figure 8) or curiosities related to mathematics (figure 9). Many of such curiosities are 
easily found in social networks, but the students considered their WhatsApp group as another 
appropriate place to share them. 
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Figure 8. Example of a class presentation shared via WhatsApp 

 

 
Figure 9. Examples of mathematical curiosities shared via WhatsApp. 

4. Final remarks 

In our perspective, all participants have benefitted from this experience. It has improved students’ 
written communication skills because, even without realizing it, they were able to present clearly 
their reasoning and difficulties. In fact, students were frequently eager to receive quick feedback 
from their peers after sending a message do the group, meeting the findings of Freeman et al. 
(2016).  
The digital tool has promoted interaction opportunities that have helped students in overcoming 
their learning difficulties, and the students’ initial dependence on the teacher (reflected, for instance, 
when students directly questioned the teacher whenever they resorted to WhatsApp to try to 
overcome a difficulty) progressively decreased as they were able to help each other. In addition, 
WhatsApp has given students a comfortable environment to share mathematical ideas/curiosities 
beyond curricular mathematics, which was quite surprising to the teacher. The teacher has gained a 
better knowledge about how her students think mathematically, what major difficulties they face, 
and how she can adjust her teaching in order to meet her students’ needs.  
Although we believe that this whole experience was quite positive (for all the reasons pointed 
above), we acknowledge that it might bring an added load to teachers’ already overwhelmed 
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working loads. However, the time that was necessary to devote to this initiative with WhatsApp was 
not substantial, and it did diminish over time, as students progressively gained autonomy and 
perceived WhatsApp as a virtual meeting point where they could share and discuss their doubts and 
questions. As such, over time, the teacher acted as a group moderator, intervening only when 
needed. 
Implementing this experience demanded that the teacher shared her cell phone number with her 
students, and many teachers may not be comfortable in doing so. However, our experience involved 
a significant number of students and all of them used the teacher’s cell phone number to deal with 
issues related only to mathematics. Nevertheless, we believe that it is wise to analyze the 
characteristics of the classes before implementing a similar experience. If the teacher is not 
comfortable in sharing his personal contacts, then other available apps might support the creation of 
groups. In this case, it is important that the selected app be familiar to students. We chose to work 
with WhatsApp precisely because the students used this app very frequently, and we assumed that 
their familiarity with the tool would increase the likelihood of participating in the groups.   
This experience has suggested that creating a virtual group for sharing mathematics fosters students’ 
collaborative autonomy, in the sense that they are able to explore situations, place questions and 
doubts, and solve tasks without the teacher’s intervention, through peer dialogue. Such resources 
allow students to communicate their reasoning and mathematical ideas, as well as their weaknesses 
and difficulties, and, through that communication, they are able to reach and validate conclusions, 
and to identify and overcome mistakes or misconceptions. 
WhatsApp, which so often works as a distractive device, may actually be used to develop students’ 
learning of mathematics. We have been looking at one way of having WhatsApp as an ally of the 
mathematics teaching and learning process, but further research is needed to explore other usages of 
this (and other) digital tool(s) to support that same process. 
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Abstract. Computational thinking, critical thinking, problem solving, creativity and 
collaboration are just a few examples of a broad range of 21st century skills which are key to 
the education of students and active citizens of the future. Enhancing its development while 
mobilizing content, pedagogical and technological knowledge, is one of the main challenges 
of 21st century teacher practice. Having as background a pilot implementation of a study, 
centred on Mathematics, which aims to investigate the influence of collaborative 
programming activities on the development of the abilities to solve and formulate geometric 
problems, critical thinking, creativity and collaboration, in this article we intend to 
characterize the signs produced during the resolution of collaborative problems through 
graphic programming artefacts. The research methodology is qualitative with case study 
design. The data collection techniques are: participant observation, supported by field notes / 
logbook; questionnaire survey; documentary collection (audio-visual and photographic 
records and written documents produced by the students). The preliminary results point to 
the existence in the programming activity of a dependence between the signs of graphic 
programming artefact and the mathematical signs. When mathematical knowledge is not 
properly mobilized, programming projects them. Then, the opportunity arises to think 
critically, and other signs can emerge, such as the pivot signs in the 
mobilization/construction of knowledge. 

Résumé. La pensée informatique, la pensée critique, la résolution de problèmes, la créativité 
et la collaboration ne sont que quelques exemples d’un large éventail de compétences du 
XXIe siècle, essentielles à l’éducation des étudiants et des citoyens actifs de demain. 
Améliorer son développement tout en mobilisant contenu, connaissances pédagogiques et 
technologiques, est l’un des principaux défis de la pratique pédagogique du XXIe siècle. 
Ayant pour toile de fond une implémentation pilote d’une étude centrée sur les 
mathématiques, qui a pour objectif d’examiner l’influence des activités de programmation 
collaborative sur le développement des capacités de résolution et de formulation de 
problèmes géométriques, de pensée critique, de créativité et de collaboration, nous nous 
proposons dans cet article: caractériser les signes produits lors de la résolution de problèmes 
de collaboration par des artefacts de programmation graphique. La méthodologie de 
recherche est qualitative avec un plan d’étude de cas. Les techniques de collecte de données 
sont les suivantes: observation participante, appuyée par des notes de terrain / journal de 
bord; questionnaire d'enquête; fonds documentaire (enregistrements audiovisuels et 
photographiques et documents écrits produits par les étudiants). Les résultats préliminaires 
mettent en évidence l'existence d'une dépendance dans l'activité de programmation entre les 
signes d'artefact de programmation graphique et les signes mathématiques. Lorsque les 
connaissances mathématiques ne sont pas correctement mobilisées, la programmation les 
projette. L'opportunité de penser de manière critique se présente alors et d'autres signes 
peuvent émerger, tels que les signes pivots de la mobilisation / construction du savoir. 
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1. Introduction 

Technologies are present in our day to day, but how can ICT be used in teacher training to promote 
mathematics comprehension? The challenge is to guide future teachers and educators towards an 
appropriate use of ICT (concerning teaching/learning contexts). 
In its position about “Strategic Use of Technology in Teaching and Learning Mathematics”, NCTM 
(2015) defends the need to carefully consider and design ways for students and teachers to use both 
digital and physical tools so that the full potential of technology is employed on enhancing “how 
students and educators learn, experience, communicate, and do mathematics” (p. 1), promoting a 
math learning experience which involves students in meaningful practices, engaging the 
development of skills such as critical thinking, collaboration, problem solving or creativity, in line 
with 21st century skills (WEF, 2015).  
The TPACK theorical referential (Mishra & Koehler, 2006), which has its genesis on Shulman’s 
ideas, also states that teachers are expected to mobilize technological, pedagogical and content 
knowledge when developing a carefully defined curriculum. 
Nowadays, we can purchase a set of programable devices (such as lego wedo 2.0; the Parrot 
minidrone; Sphero 2.0; a robot mouse; and the robot Doc) which can be connected to tablets, 
mobile phones and computers. Their programming may support the formulation and/or resolution of 
creative and challenging tasks (which can also be collaborative), combining fun with learning.  
In this article, we focused on the analysis of the results of one of the tasks implemented in a pilot 
study, which intends to analyse the influence of programming activities in collaborative, 
challenging and fun contexts, in the development of the skills required to create and solve 
geometrical problems, critical thinking, creativity and collaboration by future teachers and 
educators. So, with The Postman's Task, which uses  Sphero 2.0, the mini drone and graphic 
programming software (Scratch and Tynker), we tried to understand, under the Semiotic Mediation 
Theory (TMS), which signs are produced in the various phases of the resolution of the task and the 
difficulties that arise during it. 

2. Artefacts and their Semiotic Potential 

The construction and use of artefacts are intrinsically linked to human activity. In addition to 
contributions to a more practical level, they can intervene at a cognitive level, challenging new 
ways of thinking and acting (Norman, 1993). 
According to Bussi and Mariotti "any representation is supported by an artifact" (2008, p. 748). It is 
thus fundamental to understand the role of artefacts in the creation of representations and how they 
act on cognition in the emergence of new abstractions. 
According to the same authors (2008), a double semiotic link is established when we analyse the 
semiotic potential of an artefact: 

on the one hand, personal meanings are related to the use of the artifact, in particular in 
relation to the aim of accomplishing the task; on the other hand, mathematical meanings 
may be related to the artifact and its use. (Bussi & Mariotti, 2008, p. 754) 

The TMS (Bussi & Mariotti, 2008) identifies 3 main categories of signs: artefact signs, pivot signs 
and mathematical signs (figure 1). 
The artefact signs (Bussi & Mariotti, 2008) are those that emerge from the use of the artefact to 
carry out the task, those that trigger the construction of mathematical knowledge. Although the 
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meanings of the artefact signs are personal, the task may lead to the need for negotiation of shared 
meanings. 
The mathematical signs refer to the mathematical context, “these signs are part of the cultural 
heritage and constitute the goal of the semiotic mediation process orchestrated by the teacher” 
(Bussi & Mariotti, 2008, p. 757). 
The pivot signs (Bussi & Mariotti, 2008) are a symbolical representation of the hinge which 
potency the first detachment of the artefact, promoting the passage from the context of the artefact 
to the mathematical context, but maintaining the connection to the artefact. 

 

 
Figure 1: Artefacts and signs, adapted from Bussi and Mariotti (2008, p. 757) 

3. Methodology 

The research methodology is of a qualitative nature with a case study design, involving two 3rd year 
classes of the Basic Education course at Viana do Castelo Higher Education School. 
The Postman Task, presented in Figure 2, was solved by 36 of the 40 students, organized in 13 
groups (eight groups of three students, four groups of two students and a group of four students). 

 
Figure 2: The Postman Task 

Each student was asked to solve the problem individually. After finding the solution they should 
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discuss with their group which strategy should they use to program the mini drone Parrot or Sphero 
2.0. They began by using Scratch to model the way to go (since we don’t have drones/Spheros for 
all groups). When their commands were inserted in Scratch, they submitted them in the Moodle 
platform and only then they could test them. After the test, they corrected the errors and adapted the 
programming to the Tynker software to activate the drone or Sphero (these artefacts are 
programmed by time, whereas in Scratch the actors are programmed in steps). 
This task is one of four tasks implemented. Students, using graphical or tangible programming of 
2.0 devices, such as robots and drones, mediated by tablets and computers, recorded the strategies 
used during the resolution through video and photography, supporting a collaborative reflection of 
the resolution of each problem. The final work is a report which contains the reflections of the 
solved problems and a didactic sequence. 
The data collection techniques were: participant observation, supported by field notes / logbook; 
questionnaire survey; documentary collection - audio-visual and photographic records and written 
or digital documents produced by students. 
The analysis focused on the resolution of the postman’s task and part of the results of the 
questionnaire, contemplating the following categories of analysis: difficulties and type of signs 
produced. 

4. Results 

All students were able to identify a path that respected the conditions of the problem. 
Most groups elaborated initial schemes such as those presented on figure 3, which show no 
mathematical signs like the Pythagorean Theorem or a relationship between angles. 

 

 
Figure 3: Examples of solutions presented by some groups 

 
However, other groups elaborated schemes which show the emergence of other pivot and 
mathematical signs. In figure 4, we can see that the group indicated the amplitude and the direction 
in which the angles should rotate, as well as the number of steps required to go through each street. 
In addition, it included the calculation of the Pythagorean Theorem.    
In figure 5, the group used drawings to relate the amplitude between the angles. In the upper right 
corner of this figure we can observe the enlargement of only part of the map, in which the group 
shows they recognize the relations between complementary angles. Still in this figure and focusing 
on the map, the group showed they knew the concept of supplementary angles. 
Figure 6 has the schematic with the most information. We can see that they calculated the 
hypotenuse and indicated the amplitude of all angles presenting, as on the previous example, the 
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drawing of lines which show the relation of supplementary angles. 
 

 
Figure 4: Example of a scheme that indicates the amplitude and the direction in which the angles 

should rotate and the hypotenuse calculation 
 

 
Figure 5: Example of a scheme with evidence of relations between angles 
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Figure 6: Example of a scheme with evidence of relations between angles and hypotenuse 

calculation 
 
 When students collaboratively programmed the path in Scratch, the results were not expected for 
11 of the 13 groups, as shown on Figure 7 (Group G5 did not submit the files but, in the reflection, 
they admitted they didn’t achieve it). The length of streets 7 and 8 had to be calculated using the 
Pythagorean Theorem, but only six of the groups realized they had to mobilize this knowledge (G2, 
G5, G7, G9, G10 and G11). Another common mistake concerned the triangle formed using streets 
1, 2 and 3. This is an equilateral triangle, but 4 groups considered that the angle formed by streets 2 
and 3 was rectangle (G1, G8, G10 and G13), as shown on the dialogue with group G8: 
 

Teacher: Does this triangle have a 90º angle? 
G8: No, supposedly it has 60º. 
Teacher: Why? 
G8: Because all sides are the same. 
Teacher: But you said it was 90º.  
G8: Yeah… 
Teacher: Did you forget? Didn’t you read the statement carefully? 
G8: We didn’t think about it. We only worried about rotating an angle.   
 

In addition, as shown on figure 7, most groups miscalculated some angles. 
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Figure 7: Results of the students first attempt to graphically program the postman’s path 

However, after testing their programming, the groups worked collaboratively to correct the mistakes 
made. The majority showed autonomy, although some of the groups requested help from the 
teacher. 
As they finished, they adapted the programming to the Tynker software installed on the tablet. For 
this, they began by testing the time in seconds that each of the artefacts took to travel a certain 
distance, as can be observed in the Figure 8. 
 

 
Figure 8: simulation of the postman’s path which was to be replicated using the Sphero 2.0 and the 

mini drone 

5. Final reflection 

The observed interactions led to the coexistence of artefact signs and mathematical signs mediated 
by pivot signs. The artefact signs are those that arise from the use of the artefact and in the case of 
Scratch or Tynker are associated with the construction of the puzzle of commands that originates the 



“Quaderni	di	Ricerca	in	Didattica	(Mathematics)”,	Numero speciale n. 7, 2020	
G.R.I.M.	(Departimento	di	Matematica	e	Informatica,	University	of	Palermo,	Italy)	

	

 400 

graphic programming, but the graphic programming requires the mobilization of mathematical 
signs. As noted above, most students made a few mistakes when they made the first attempt, but 
this allowed them to use the image produced by the software to understand the mistakes they had 
made. Some resorted to pivot signs and went from the map artefact to the digital artefact, as well as 
other which went the other way around going from the digital artefact to the map artefact. For 
instance, some used hand gestures both on the map and on the computer/tablet screen, stating the 
angle on which to turn; others pretended to be the postman and simulated his trajectories on the map 
drawn on the classroom floor. In any case, they correctly mobilized the fundamental mathematical 
signs to solve the problem. 
In this sense, the scheme proposed by Bussi and Mariotti (2008, p. 757) requires an adaptation. This 
scheme suggests that we move from artifact signs to mathematical signs through pivot signs. 
However, in this study, it is observed that the relationship between signs is more dynamic, not just 
unilateral. Since artifact signs emerge implying the immediate mobilization of mathematical signs, 
that is, the programming of the path involves using mathematical signs, as we have seen, mediated 
by pivot signs (gestures, drawings, dramatizations). After the programming was tested, we can see 
that the concepts may not have been correctly mobilized or not mobilized at all (for example, the 
Pythagorean Theorem). Based on the produced graphical result, we once again resort to pivot signs 
reflecting on the mistakes made, and thus new mathematical signs emerge. We can move from 
artifact signs to mathematical signs and vice versa until we solve the problem, hence in Figure 9 the 
scheme was adapted by placing the arrows in both directions. 

 
Figure 9: Artifacts and signs in programming tasks 

This experience mobilized geometric knowledge in a way that had meaning for the students, 
promoting the development of their critical thinking and collaborative work. This meets Lopes, 
Silva, Dominguez and Nascimento (2019) when they defend that it is imperative to develop these 
skills, contributing to the students technical and professional development. For instance, in the final 
questionnaire most students agreed or completely agreed with the statement "I was wondering about 
the path I was using (knowledge and strategies).", suggesting they mobilized critical thinking during 
task resolution. In addition, they stressed the importance of collaborative work, emphasizing 
"sharing of ideas", "overcoming obstacles", "sharing strategies", "learning with colleagues", 
"fostering persistence", "working in a relaxed way". 
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Abstract.  The goal of the project presented in this paper is to create a digital and tangible 
game that allows players to build a positive orientation. This game is digital and aims to take 
advantage of the potential offered by augmented reality and documentation offered by 
digital. It is also a facilitating entry for teenagers who will be able to find familiar 
environments. This game is intended to be digital and tangible to allow an anchoring in 
reality and the concrete to play on the complementarity of digital and real environments. The 
game must be able to return to reality by articulating the computerized and real worlds.  

Résumé. Le but du projet présenté dans cette communication est de réaliser un jeu 
numérique et tangible permettant aux joueurs de construire une orientation positive. Ce jeu 
est numérique et entend profiter des potentialités offertes de réalité augmentée et de 
documentation offertes par le numérique. C’est aussi une entrée facilitante pour les 
adolescents qui pourront retrouver des environnements familiers. Ce jeu se veut numérique 
et tangible pour permettre un ancrage dans la réalité et le concret permettant de jouer sur la 
complémentarité des environnements numériques et réels. Le jeu doit pouvoir permettre de 
revenir au réel en articulant les univers informatisés et réels. 

1. Introduction 

Mathematics is often considered as a selection subject. Is it possible to think about students’ 
academic direction taken in secondary school in a more positive way, by making sure that choices 
are made on a self-knowledge of one's abilities and tastes and of one's knowledge of the trade 
concerned. These questions are crucial for French students from the grade 9 (the last year of lower 
secondary school in France) but also for the pursuit of higher education (grades 10, 11 and 12, the 
high school grades until the baccalaureate). The idea of this project is to encourage students to 
reflect on their orientation in a fun way through a serious game, or epistemic game (Sanchez, 2014). 
A team of teachers, guidance counselors, psychologists and researchers has been working since the 
beginning of 2019 on a project whose objective is to enable students to enter a positive orientation, 
by improving their knowledge of their competencies and tastes but also by providing an objective 
understanding of the knowledge and skills required in the targeted professions. To do this, the 
project team is working on the development and implementation of a digital epistemic game that 
will help students to discover themselves while they discover the reality of training and professions. 
The research questions focus on two distinct aspects that are common to the project: on the one 
hand, to what extent will a tangible and digital epistemic game promote positive students’ academic 
guidance? And on the other hand, how can self-knowledge make it possible to consciously choose 
one's academic choice? 
To test these questions, we work in a design-based research paradigm (Swan, 2014). In this 
communication, we introduce the relationships between mathematics and school guidance, then we 
present the theoretical frameworks on which our work is based and the methodology of the research 
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to finally conclude with the first results and the next direction of work. 

Mathematics and school guidance 

In France, the choice of courses was (is?) strongly prioritized, in secondary school, in recent years 
(Science and Mathematics > Economics > Literature > Industrial Techniques > Commercial 
Techniques) according to the level of academic performance of students (Duru, Jarousse & Solaux, 
1997; Jarousse & Labopin, 1999). The consequence is that successful students choose the scientific 
path taking into account that all university courses are thus open, even if they do not want to study 
sciences or mathematics. This fact has at least two consequences, one on mathematics teaching and 
the other on academic guidance. 
Regarding mathematics teaching, mathematics become a selective subject with the consequences of 
performance quantification that tends to assess technical skills that are easier to quantify rather than 
assess creative ideas or problem-solving competencies. As assessment is very often a pedagogical 
tool that leads teaching methods and contents, the subject “mathematics” tends to become a 
technical subject where repetitive exercises become more important than a comprehensible 
approach to concepts or an exploration of small areas of mathematics through problem solving. And 
finally students have a poor level in mathematics as the different international tests show (OCDE, 
2016, 2017). Success in mathematics therefore consists in knowing the types of exercises that will 
be placed in the exams and not taking the time to explore a field of mathematics and discover 
mathematical objects in different facets, using multi-representations, and making connections 
between these objects. The new high school reform that is being implemented from this school year 
onward is based on an identical observation, by specializing the courses of study in such a way as to 
offer pupils a more rational choice of their courses of study. The question of educational and 
vocational guidance is then very topical. 
Indeed, instead of developing a better understanding of professional competencies needed for trades 
that can match with abilities and self-knowledge, students develop competencies in order to pass 
examinations and delay a real reflection about professional guidance that can lean to a professional 
choice far from the actual tastes and abilities that would have been better developed. Even for 
scientific careers, students suffer from a bad vision of what are exactly mathematics and give up 
scientific studies because of the poor image of science and mathematics transmitted by the 
elementary and secondary school. We can imagine that this reform should change this state of 
affairs and we are positioning ourselves in this direction. 
Based on these observations, we thought that a reflection on the career orientation of students was 
important and that this orientation should be based on the students' tastes and competencies, their 
knowledge of the trades and academic fields that can lead to it. According to Shertzer (1976), 
school guidance can be define as: 
”[…] the  process  of  helping  an  individual  to  understand  himself and his world. Conceptually, 
guidance involves the utilization  of  a  point  of  view  to  help  an  individual  as  an  educational   
construct.” (p. 172) 

A consequence of this definition and of the previous reflections consists to consider school 
guidance as an equilibrium between three poles: self-knowledge, training knowledge and job 
knowledge as represented in figure 1. 
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Fig. 1 Guidance as the result of a tension between three poles. 

Theoretical frameworks 

In order to work with students about their own school guidance, we hypotheses that a game should 
offer a proper context. We rely in particular on the work carried out in our laboratory (Sanchez, 
2011, Jouneau-Sion, 2015, Vincent & Sanchez, 2016, Sanchez & al., 2017): 
“In a context marked by a widening gap between the digital culture of young people and school and 
university cultures, the introduction of games into educational practices is supported by 
enthusiastic discourse and high institutional expectations. This includes exploring new approaches 
to science teaching/learning, in a context marked by a crisis in science education, high institutional 
expectations (interdisciplinarity, integrated teaching, investigation approaches) and the emergence 
of new forms of problem solving (serious games).”1  
As Henriot (1989) has shown, no structure of game is in itself or by itself playful; it is the 
individual who, depending on the attitude he/she adopts, can make this experience playful or not. It 
is therefore essential to distinguish between the game, which is the structure designed to be playful, 
and the playing, which is the situation in which players are placed (analogous to the situation in the 
theory of didactic situations (Brousseau, 1989)) and game-playing, which is the very activity of the 
game (which we can associate to an a-didactical situation (Ibid.)). This theoretical distinction 
proposes a practical work plan: to think of a serious game that will have in itself a playful potential, 
to think and implement game situations that allow students to confront an environment that allows 
them to acquire knowledge and to observe the players' activity in order to refine the a priori 
analyses that can be made. 

The game is also intended to be epistemic, allowing the development of expertise in a field: 

                                                
1  http://eductice.ens-lyon.fr/EducTice/recherche/jeux translated by us. 
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"This choice is inspired by the "epistemic frames" developed by Shaffer & al. which are: "knowledge 
and concepts, but also the ability to speak, think, see, work as an expert" (2009 p. 4) A digital 
epistemic game helps players to develop expertise in the field by leading them to reason, 
communicate, act with authentic constraints. “The epistemic dimension is therefore considered here 
from the perspective of the development of a culture, beyond factual knowledge and contextual 
skills." (Benech & al. 2017, page 21). 
The game is digital and aims to take advantage of the potential offered by augmented reality and 
digital technology. It is also a facilitating entry for teenagers who will be able to find familiar 
environments. Finally, the game is intended to be digital and tangible to allow it to be anchored in 
reality and the concrete, allowing the complementary of digital and real environments to be played 
on. The game must be able to return to reality by articulating digital and real worlds. (Soury-
Lavergne 2017). We develop below this particular aspect of the game and the reasons that lead us to 
choose this kind of game.  

But before entering in the description of the game and the design choices, we need to speak of 
theoretical framework of school and vocational guidance. 

Vocational guidance has gone through three phases in the last century: an instrument of economic 
policy based on the rationalization of the workforce, an instrument militating for the 
democratization of the school, and an educational work seeking to make young people autonomous 
with regard to their professional choices. The sociology of education has focused much attention on 
guidance and in particular on the behavior of guidance actors. Four analyses were proposed. The 
first type of analysis is based on the role of structures (Bourdieu and Passeron 1970) leading to a 
vision of academic counseling influenced or guided by social position; the school provides to the 
society the workforce that it needs, by reproducing social inequalities from generation to 
generation; hence school guidance is a mean to reproduce these inequalities. The second type of 
analysis, represented for example by Cherkaoui (1982), proposes the rational actor model for which 
the orientation choices are the result of an estimation of the costs and benefits that the actors can 
make of the envisaged training. In this case, it appears that the family's demand is predominant. The 
third type of analysis borrows from psychology the concepts of motivation, mobilization and 
project (Wolters et al. 1996). These three types of analysis infer the actual knowledge of the actors 
in a global analysis of the functioning of the school system and institutions. The fourth type of 
analysis, on the contrary, "considers the guidance process as a collective action involving different 
categories of actors. This research, which is more focused on the ordinary functioning of schools or 
some of their entities (the classroom, for example), is based on a variety of inspirations and 
examines how interactions between the institution's agents contribute to the determination of school 
careers" (Masson, 1997). 

More recently, Loisy and Carosin (2017) propose a framework for designing and accompanying 
adolescents in the long-term construction of a professional project:  

"To help the young subject to situate himself or herself in this changing environment, it is necessary 
to enable him to develop his/her ability to build projects that include intentionalities, directions, 
objectives located in time and space, and actions.” (ibid., p. 64). 
It is in an articulation of knowledge of trades and training and self-knowledge in the students' 
project that the game's construction scenarios must find their origin. The development of skills 
related to the construction of the professional project and skills related to a better self-knowledge 
must be articulated with the aim of developing autonomy in terms of guidance (Loisy et al. 2010).  
 

Methodology 

As announced in the introduction, the methodology of this project is built on the design-based 
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research paradigm. By these words we mean research developed to answer teaching or learning 
questions that arise in the field and for which there is a need for reflection combining theoretical 
frameworks and the necessity to build answers in the real world.  
Malcolm Swan gave a definition (2014) of Design based Research: 

“Design-based research is a formative approach to research, in which a product or process 
(or “tool”) is envisaged, designed, developed, and refined through cycles of enactment, 
observation, analysis, and redesign, with systematic feedback from end users. In education, 
such tools might, for example, include innovative teaching methods, materials, professional 
development programs, and/or assessment tasks. Educational theory is used to inform the 
design and refinement of the tools and is itself refined during the research process. Its goals 
are to create innovative tools for others to use, describe and explain how these tools function, 
account for the range of implementations that occur, and develop principles and theories that 
may guide future designs. Ultimately, the goal is transformative; we seek to create new 
teaching and learning possibilities and study their impact on teachers, children, and other 
end users.” (page 148) 

 
Thus the team working on this project has been built, including researchers, teachers, guidance 
counselors, computer scientific, IT experts, as the projected work aims at the realization of a digital 
game. The second important point of this project is the willingness to involve end users, that is to 
say young people aged 14 to 17 years, in a UX Design perspective. The challenge was therefore to 
allow to work together, to take into account the different points of view, the actual technological 
feasibility, and the playful of the game in order to engage and retain end-users. 
 
So the methodology is built on a cycle of discussion, design, experiments, analysis and re-design. 
The discussion, where all the actors are present, are built on the idea of hackathon, that is to say, a 
full day organized around a particular issue, where all the partners can explain their viewpoints and 
discuss the positive and negative points of answers. For example, the first hackathon focused on the 
general characteristics of the game, a precise definition of the end-users, and a general game’s 
progress. The second hackathon was dedicated to the writing of the scenario, the definition of the 
environment of the game. The design in itself is under the responsibility of IT specialists that 
transform the discussion into a tangible realization of the game (see for example fig. 2). But also the 
results of the discussions are put to the test of the users: experiments with students have been 
conducted to adapt the wishes of the creative team with the end users and lead to new proposals or 
modifications. 
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Fig. 2 Implementation on mobile of the Game’s environment 

During the first six months of the project, two cycles were completed that lean to the writing of a 
complete scenario taking into account the player as narrator of the story that the game tells. The 
scenario is built on the idea of building games where players have to build and make evolve a city. 
The goal of the game is for the player to target jobs that are consistent with the tastes, desires, 
abilities of the avatar that the player has created for himself. The bet is that, gradually, the avatar 
will be more and more representative of the real player who created it. During the experiments a 
student explained her vision of her avatar: 

When you have filled your avatar, the avatar has qualities, defects. But in fact, by 
playing this game she will make other acquaintances who will also develop her qualities 
or she will be able to acquire qualities that she did not have. She will be able to acquire 
diplomas that allow her to earn jobs for example. So her avatar, she's not frozen either, 
she's going to evolve. 

Her reflection, and others of the same type from other students, leaned us to consider more closely 
the possible evolution of the players’ avatar that will play an important role in the scenario of the 
game, because the avatar is the direct link between our objectives and the player. And particularly, 
this student’s game culture leads her to consider the avatar as her character that she adapts to her 
own personality while giving her revered or expected powers. And it is exactly this path that we 
consider to be a way of making student think about his or her own choice. 
The narrator of the story, a bird, will accompany the player in the story when he’ll build an 
environment that makes sense to him, questioning him in different ways at different times. The 
construction of this environment in an area of this archipelago, involves the integration of buildings 
representative of a professional field of activity, which the player can integrate with the help of 
points that he wins. A building is a place to exercise one or more trades all in the same field but also 
to think about the training that leads to this job. Students during the experiments were also very 
aware of the need for realism in the game, as can be seen in this excerpt: 

Teacher: that being said, we can imagine winning a doctor's job description for 
example, but if we don't have the rigour skills, the scientific skills to be so, how does it 
feel to have the description of the profession? 
Student 2: You have to work on it. 
Student 3: Well, yes, you can't have a job without the skills. 
Student 1: You can't become a surgeon without the agility of your hands. For example, 
there are people who tremble, they can't become surgeons. 

From the discussions with students confronted with the willingness of reaching our goals, the game 
is gradually being built up. When the player arrives on the game, he develops his avatar, then he 
chooses in the archipelago a first zone (sea, mountain, cultivable land, city field) in which he would 
like to build a city. The construction of the city involves the integration of buildings (such as a 
hospital, a hairdresser's salon, a power plant, etc.). One student suggested that we link the rewards 
of the game with knowledge:  

Oh yes, also, uh, when we unlock new trades, we could put, uh, you have a new trade 
and underneath we mark the training that is needed to reach this new trade. Basically so 
that we don't think so, yeah, I want to do this job but I don't know what studies to get it. 

It is then within these buildings that the player's activity allows him to discover professional fields, 
trades and training leading to them, based on what the player knows about himself or what he shows 
about himself in the game. At the end of his exploration, or if his choice no longer suits him, the 
player can choose another profession and/or building. Thus, player and city evolve as the game 
progresses. The game also has a social dimension in the sense that the city can be visited by other 
players who can find in the city buildings documentation and information that, in turn, can help 
them develop their own city. 
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The next steps will consist on linking the game play with the scenario and to develop the 
relationships of the player with the real world. The goal of the game is for players to integrate into 
their own reflections the path that the character follows in the game.   
Before carrying out this step in the academic year 2019-2020, I come back to the results and 
reflections of the research conducted in this project. 

Discussions 

In this section I would like to link the research questions of the project with one of the questions 
worked in the working group: How can we use ICT as teaching-learning tools, rather than 
instruments that replace students’ cognitive efforts? Indeed, digital epistemic games can be seen as 
an artifact unessential to achieve the  assigned educative role, but it can also be seen as a media that 
allows users to reflect in a  familiar environment. In our case, the main issues of school guidance 
are always at stake and technology is used to stimulate students’ curiosity, to enter the world of 
young people and to take advantage of the potential of databases which can link the three poles 
presented above.  
In this project, students are invited to play a game and teachers and guidance counselors aim at 
allowing students to reflect about their academic and professional future. So, the epistemic game 
can be analyzed through the four dimensions (Serna & al. 2015) of competence, technology, 
playfulness and social relations. The first dimension (competence) aims at developing specific 
competences, taking into account what players are learning and how the game achieves these 
learning objectives. But also, how can students get out of the game to take profit in their lives of the 
gains they obtain in the imaginary world of the game. The tangible part of the game takes into 
account this relationships with the tangible world: when the player explores a particular jobs’ 
domain (health, trade, education, etc.), the game will invite him or her to actually explore the reality 
of the jobs by encountering professionals of he domain (doctor, nurse, nursing assistant, stretcher 
bearer,... for example in the field of health) as well as the game will direct the player towards the 
studies necessary to achieve these positions. The first experiments with students show that they 
quickly identify themselves with the character of the game by putting their own wishes into play. 
Thus, a 14-year-old student decided to build a music school first when he was confronted with the 
reconstruction of a city destroyed by an external event, when one of his classmate decided to build a 
sports hall. Indeed, and to the extent that the game allows, students engage in it by putting their own 
tastes into their game strategies.  

The second dimension corresponds to what technology can bring to the game itself and to the 
underlying objectives of the epistemic dimension of the game. How are the links between game and 
reality thought? And which gains brings technology use? The answers to these questions must be 
present both in the design of the game and in the game; during the design phases, the question of the 
need to use technology is always present and the comparison with a scenario without technology 
has been continually addressed. For example will the game board be materialized or digitized? The 
answer came from the desire to leave students free to play the game under the supervision of an 
adult or alone. In this example, technology has provided a portability property that favors students’ 
independence from play which is a fundamental basis of our work. The third dimension (playful) 
corresponds to the ease and the interest that the game can bring to young people; the questions of 
the play springs that are used (randomness, avatar, role play,…) as well as the scenario are 
addressed in order to keep to the game a playful character. Here, the involvement of end-users is 
very important because teachers, guidance counselors and more generally all adults very often lose 
the playfulness of the game to choose game directions that better match the learning objectives but 
at the same time lose the spirit of the game. Fortunately, experiences with young students are 



“Quaderni	di	Ricerca	in	Didattica	(Mathematics)”,	Numero speciale n. 7, 2020	
G.R.I.M.	(Departimento	di	Matematica	e	Informatica,	University	of	Palermo,	Italy)	

	

 410 

helping to counter this trend. And finally the fourth dimension questions the relationships and the 
articulations between individual and collective dimensions. How do players communicate and what 
are the added value of social communications in the game, first but also in the learning dimension? 
it was a prerequisite that the students of the different classes asked from the beginning of the 
experiments: "a game must be able to allow us to communicate with each other". It is thus, starting 
from these reflections that we have made available to the players interactions that are both 
interesting for the gain of the game and for the targeted learning. 

These four dimensions have not to be considered alone but in a whole, not as successive layers but 
better as four sets whose intersection is the target (Fig. 3). In our case, our digital epistemic game 
takes profit of the technological dimension to enhanced the three other dimensions (competencies, 
social  relations and playfulness).  

 
 
 
 
 
 
 
 

 
 

 
 

Fig. 3 The target of the four dimensions 

Conclusion 

An important development work is now necessary to realize a playable prototype so that we can 
experiment again with the students in ecological conditions close to those of the final game. In 
terms of methodology, we are thus approaching a third cycle of design, experiments and analyses 
that should make it possible to produce a playable prototype. However, although the project is only 
in its very beginning, first conclusions can be drawn about the questions written in the introduction; 
first, the experiments showed clearly that students as players make links with their reality of school 
guidance and build their character in the game in their own image, which confirms our choice to 
leave the character of the game to the discretion of the player.  In order to answer completely to the 
questions (to what extent will a tangible and digital epistemic game promote positive students’ 
academic guidance? How can self-knowledge make it possible to consciously choose one's 
academic choice?), we still need more observations and interviews with students to better 
understand their evolution regarding school guidance whether they use or not the game. In this 
conditions, and as far as a playable prototype can be tested, we will use a comparative methodology 
leaning on interviews including also self-knowledge competencies before and after the experiments 
of two groups of students using or not the game. 

At this stage, and even if we cannot fully answer the questions asked, we are still able to positively 
evaluate the methodology that allowed us to take into account the various opinions of professionals 
involved in different positions in the project. But it also made it possible to take into account the 
end users without distorting the cognitive objectives that the project carries. 

   Playfulness  
 
 
 
 

 
 
 
Social 
relations 

         Competences Technology 
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Abstract. This article addresses one of three parts of a PhD thesis conducted between 2012 
and 2018. One main purpose was to determine the impact of the GeoGebra intervention on 
teachers’ Valsiner’s zones relating to technology integration, namely: the zone of free 
movement (ZFM), the zone of promoted action (ZPA), and the zone of proximal 
development (ZPD). A qualitative multiple case study design was conducted with four in-
service secondary mathematics teachers (three females and one male) with different 
backgrounds and GeoGebra practice levels. A design-based research (DBR) methodology 
was used which involved two phases: a pre-intervention phase (one iteration) and an 
intervention phase (two iterations). Before the intervention, teachers went through an 
introductory workshop and were asked to complete questionnaires about their practices, and 
the barriers they faced. Then, they conducted GeoGebra lessons in collaboration with the 
researcher over two iterations. Overall, the results indicated an improvement for the four 
participants in their zones with collaboration and iterations. Specifically, the effect of the 
hindering factors of the ZFM and ZPA decreased as the intervention progressed and some 
assisting factors like ZPD improved.  
              
 
Résumé. Cet article traite de l'une des trois parties d'une thèse de doctorat menée entre 2012 
et 2018. L'un des principaux objectifs était de déterminer l'impact de l'intervention de 
GeoGebra sur les zones d'intégration technologique de Valsiner des enseignants, à savoir : la 
zone de libre circulation (ZFM), la zone d'action promue (ZPA) et la zone de développement 
proximal (ZPD). Une étude de cas qualitative a été menée auprès de quatre enseignants de 
mathématiques du secondaire (trois femmes et un homme) ayant des expériences variées de 
GeoGebra. Nous avons utilisé une méthodologie de recherche orientée par la conception 
(ROC) qui comportait deux phases : une phase pré-intervention (une itération) et une phase 
intervention (deux itérations). Avant l'intervention, les enseignants ont participé à un atelier 
d'introduction et nous leur avons demandé de remplir des questionnaires sur leurs pratiques 
et les obstacles auxquels ils étaient confrontés. Ensuite, ils ont mené les leçons de GeoGebra 
en collaboration avec le chercheur sur deux itérations. Dans l'ensemble, les résultats ont 
indiqué une amélioration pour les quatre participants dans leurs zones avec la collaboration 
et les itérations. Plus précisément, l'effet des facteurs gênants de la ZFM et de la ZPA a 
diminué à mesure que l'intervention progressait et que certains facteurs favorables comme la 
ZPD s'amélioraient. 
 
Keywords: GeoGebra, DBR, Zone theory, PD, 97A70, 97D20 
 

1. Introduction 

This study particularly uses Zone Theory since it was found to be the most comprehensive, 
encompassing individual, social, cognitive and contextual factors. This theory was developed by 
Valsiner (1997) within the context of child development who extended Vygotsky’s (1978) Zone of 
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Proximal Development (ZPD). Applying Zone Theory to the context of technology, there are three 
categories of factors affecting technology integration by teachers: zone of proximal development 
(ZPD), zone of free movement (ZFM) and zone of promoted action (ZPA; Goos et al., 2010). ZPD 
is defined as the potential technology ability that teachers can reach with the support of more 
experienced individuals. ZFM refers to contextual, environmental or systemic constraints that limit 
teachers’ technology integration. ZPA refers to the training experiences that teachers received as 
part of their pre-service education or in-service professional development on the integration of 
technology. In order to integrate technology in their classes, teachers who are novice in using 
technology should have their zone of promoted action (ZPA) be within their zone of free movement 
(ZFM) and consistent with their zone of proximal development (ZPD) (Goos, 2005).  

Putting it into perspective, if technology integration by in-service teachers is to be increased, 
then they should be equipped with knowledge on technology that is: 1) available for them, 2) 
related to their curricula, and 3) consistent with their pedagogical beliefs.  
Taking all of the above into consideration, a suitable methodology to use for the purpose of this 
study was found to be design-based research (DBR). DBR is appropriate because it mandates close 
work with practitioners within a real context and on theoretically-based grounds.  

2. Literature Review 

A comprehensive view of the barriers was conducted using the zone theory perspective. Table 
1. lists some of the main inhibiting factors to technology integration faced by teachers in their 
teaching.  

 
Table 1. Some of the previous studies on the factors mathematics teachers face when 

integrating technology in their teaching. 
 

Zone of free movement 
Factor Study 
lack of time to prepare and to  
implement technology based lessons 

Baskin & Williams, 2006; Chen, 2008; Chen, 
Looi & Chen, 2009; Forgasz, 2006 

inaccessibility and unavailability of resources  
or resource systems, including software  
and hardware 

Earle, 2002; Forgasz, 2006; Oncu et al., 2008 

Lack of support (technical, administrative) Chen, 2008; Earle, 2002 
lack of appropriate planning for how  
the technology is going to be used 

Hew & Brush, 2007 

Assessment-related issues Becta (2004) 
Zone of proximal development 
lack of adequate technology knowledge  
and skills 

Handal et al., 2013 

resistance to change Becta, 2004; Bingimlas, 2009; Earle, 2002 
lack confidence in using computers Forgasz, 2006 
Lack of ability to plan and implement 
technology-based lessons  

Lim & Khine, 2006 

Zone of promoted action 
lack of adequate training Baskin & Williams, 2006; Bingimlas, 2009; 

Keong, Horani & Daniel, 2005  
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2.1 The participants 

The participants were four in-service secondary mathematics teachers. They teach the 
Lebanese curriculum in English. They were selected in one of the workshops given by the 
researcher. The selection criteria were on two bases: extent at which GeoGebra was used in their 
teaching and the barriers they have faced. Table 2. Summarizes their main demographic 
characteristics.  

Table 2. Participant Demographics, Practice and Zones Level  

*Note. N/A = The zone was not considered a barrier to GeoGebra integration 
 

2.2 The instrument 

To measure these zones, an instrument called the Barriers in Using Technology 
Questionnaire (BUTQ) was developed by the researcher based on Goos’ (2005) work. This 
instrument consisted of 27 questions divided into three subscales or zones. Table 3 revises what 
each part of the questionnaire measured. An example of the first 19 questions is: “In your school do 
you have available hardware?” Each of questions had three possible response options: “yes” (1), 
“yes but not enough” (2), and “no” (3). ‘Yes’ in these questions means it is not a barrier. For the 
other questions numbered 20 to 27, an example is: “Do you consider curriculum requirements as 
barrier to technology integration in your teaching?” and the possible response options were: “yes” 
(3), “not much” (2), and “no” (1). In these questions, ‘yes’ means it is a barrier. The instrument was 
piloted and readapted accordingly then evaluated to get a Cronbach alfa 0.9. Also it was evaluated 
by two education professors for reliability. After the first and second implementation of the lessons 
for each participant, a parallel form of the same instrument was used, but this time it was with 
related to two other instruments about teachers’ practices and TPACK in a semi-structured interview 
form. A list of 24 barriers for technology integration was provided to participants. For each item of 
the practices and TPACK instruments, each participant had to select from this list one or more 
factors that he/she felt was a barrier. Every selected item was given the value 2 or 3 as a barrier 
based on the extent of impact; any non-mentioned item was given the value 1. 

Table 3. Summary of the Questions of the BUTQ (Form 1) 

 
Subscale Questions Measuring 
 1-8 Resources: availability, accessibility, and applicability. 
Zone of  
free movement 

9-10 Availability of encouragement 
11-12  Availability of time to prepare and to apply. 
13 Availability of technical support 
20-22 Factors related to students such as: motivation, technical 

abilities… 
23-27 Miscellaneous factors such as: curriculum, assessment, goals… 

 
Zone of  14-16 Previous and current professional development including pre-

Name Age Highest 
degree 

Teaching 
experience 

Practice 
level ZFM ZPA ZPD 

Amani 50-55 BS 25 years Low Moderate Moderate Low 
Tima 23-26 Masters 

+TD 

2 years Moderate Low Moderate

ee 

N/A* 
Sara 33-40 BS 7 years Moderate Moderate Low N/A 
Hazem 41-50 Masters 31 years High Moderate N/A N/A 
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promoted action service education, practicum and teaching experience. 
 

Zone of proximal 
development 

17-19 Skill/experience in working with technology such as: Pedagogical 
knowledge, general pedagogical beliefs … 

3. The analyzes  

An average score of the four teachers was calculated for each zone. The higher the average, 
the more this zone was considered a barrier for technology integration. Specifically, an average of 1 
is not a barrier; if the average was in the interval ]1, 1.5[, it is a low level barrier for technology 
integration, if the average was in the interval [1.5, 2[, it is a moderate level barrier for technology 
integration; and, lastly, if an average was in the interval [2, 3.00], it is a high level barrier for 
technology integration. Low ZPD, for example, means participating teachers consider themselves 
(to a certain extent) to have developed the required skills, knowledge and confidence to integrate 
GeoGebra in their teaching. Moderate ZFM means external factors inhibit or at least negatively 
impact the integration of technology. 

 
4. Results 

First, regardless of their starting level, all participants ended up with approximately the same 
level which is ‘not a barrier’ zone for all three zones. Second, despite their heterogeneous start, all 
participants had homogenous ends in terms of zones. Third, there was a decrease in ZFM for all 
participants. Fourth, there was a decrease in ZPA in three cases and no change in one case. Fifth, 
there was a discrepancy in ZPD among the participants (figure 1). From all the collected data 
(written and oral), it can be concluded that, in terms of the impact of the intervention on teachers’ 
zones, the GeoGebra intervention done cooperatively and iteratively resulted in: 1) decreasing 
participants’ ZFM effect and also made participants experience the discrepancy between their 
expected and actual barriers for technology integration, 2) filling participants’ ZPA technology 
integration gap that they had from their preparation background and previous professional 
developments, and 3) affecting participants’ ZPD in a non-equal manner, but ending in the same 
result after the intervention. 
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Iteration:  1: before implementation; 2: after implementation 1;  3: after implementation 2 
Level:     1          : not a barrier to technology integration 
           ]1.-1.5[    : Low level barrier to technology integration 
           [1.5-2.0[  : Moderate level barrier to technology integration 
           [2.0-3.00]: High level barrier to technology integration 

Figure 1. The effect of the intervention on the three zones. 
 
An analysis of the data was done by calculating the average of each factor for all participants before 
and after the first implementation and after the second implementation. The results showed that 
sometimes teachers anticipate or expect factors to be main inhibiting factors to their technology 
integration; however, when they experience technology integration, they find that those factors were 
not the real barriers. The real barriers were some other unanticipated ones. In addition, it is worth 
mentioning that some factors were overcome by participants. The least factors selected by 
participants, before the intervention, as inhibiting factors were all the ZPD factors (skills, knowledge 
and confidence). Three out of the four teachers (Tima, Sara, and Hazem) started with enough skills, 
knowledge and confidence to integrate GeoGebra in their teaching, but after the first 
implementation two teachers realized they needed additional knowledge and skills in GeoGebra. 
After the second implementation, most of the skills and knowledge gaps were solved and teachers’ 
confidence increased.  

4.1 Amani’s Zones.  
Amani’s starting zone level was high limiting ZFM and low assistive ZPA and ZPD. Amani 

did not have enough preparation in her college study or in her school professional development 
about the effective ways to integrate technology in her teaching (low assistive ZPA). She also did 
not feel confident with her knowledge and skills concerning that aim (low assistive ZPD). In 
addition, she was facing many external factors to her technology integration (high limiting ZFM). 
When asked why she did not apply what she had learnt from the workshops she attended, she 
replied:  

I didn’t apply due to many reasons (personal and availability of hardware) but now I am 
happy exploring things and learning a lot. Your presence made me work because I felt more 
confident, secure, and somehow ethically obliged. (Interview 1, October 17, 2015) 
4.2 Tima’s Zones. 
Tima started with a moderate limiting ZFM, low assistive ZPA and high assistive ZPD. She 

did not have enough college preparation or school professional development about the effective 
ways to integrate technology in her teaching. She considered herself ready in terms of skills, 
knowledge and confidence for technology integration. What is interesting in Tima’s case is how her 
ZPD and ZPA changed due to the intervention. Specifically, her ZPA with collaboration and time 
increased as assisting to GeoGebra integration, and her ZPD decreased as assistive after the first 
implementation and, then, increased after the second. This was not a surprise because Tima did not 
have much experience in teaching, in general, or in technology integration (two years only). Her 
skills, knowledge and confidence were up to what she used to know or practice, but when she 
collaborated with the researcher and experienced other and better ways of using GeoGebra in her 
teaching, she realized that she needed more knowledge and skills. In her words, she stated:  

According to what I knew about GeoGebra I thought it is easy to use but it turned out that it 
is not, it needs time to learn about how to use it effectively. (Interview 2, December 22, 
2015)  

However, after her second implementation her assistive ZPD level increased and her ZFM 
decreased to a limiting zone. 
 

4.3 Sara’s Zones. 
Sara’s initial zone levels were high assistive ZPD, moderate assistive ZPA, and high limiting 
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ZFM. Sara had the confidence, skills and knowledge (high assistive ZPD) despite the fact that she 
did not get enough technology integration in her university preparation (moderate assistive ZPA). 
She said:  

University math courses in general are not updated. Our children are learning them as we 
have learned them. In education departments in almost all universities in Lebanon don’t 
prepare future teachers to integrate technology in their teaching. (Interview 3, February 2, 
2016)  

She perceived herself as an average expert in technology usage, in general, and as a beginner in 
GeoGebra, in particular. In her school, she faced many ZFM barriers to integrate technology in her 
teaching, but that decreased over iteration stages.  

4.4 Hazem’s Zones. 
Having a background in computer science, Hazem started the intervention with high 

assistive level of ZPA and ZPD. The ZFM was the only zone that was limiting his high extent of 
using GeoGebra in his teaching. The intervention affected Hazem zones in the following way: his 
ZPD level decreased then increased as assisting and his limiting ZFM level gradually decreased. 

5. Discussion 
In conclusion, it seems that the impact of the intervention was highest on teachers’ ZPA 

(zone of promoted action) and ZFM (zone of free movement). Although the effect did not follow 
the same path for every teacher, they all reached the same end of high assistive ZPD (zone of 
proximal development) driven by a high assistive ZPA to overcome weak barriers (i.e., low limiting 
ZFM). In general, accessibility, and applicability of teaching materials, applicability of software, 
encouragement were all high ZFM limiting factors and were eliminated after the intervention. 
Availability and accessibility to hardware and students’ motivation remained as limiting ZFM 
factors after the intervention. It also seems that the key component for those results was the 
assistive role of the researcher as a more experienced person and the design of the intervention in a 
collaborative and iterative way.  

Results of this study showed that, before the intervention, the participants frequently 
reported a high level of barriers belonging to the ZFM category such as administrative and staff 
support, technical support, students’ skills and motivation, curricular requirements, assessment 
policies and school goals. In fact, all of these have been mentioned as common barriers to 
technology integration in numerous previous research (e.g., Bingimlas, 2009; Chen, 2008; Forgasz, 
2006; Lim & Khine, 2006; Oncu et al., 2008). After the intervention, the number of ZFM barriers 
mentioned decreased to only three which were accessibility and availability of hardware and student 
motivation. Accessibility and availability of hardware has been consistently reported by in-service 
teachers as a significant barrier to technology integration (Earle, 2002; Forgasz, 2006; Hew & 
Brush, 2007; Oncu et al., 2008). With regard to teachers’ ZPD, the teachers were least likely to 
report that a gap in their knowledge, skills or confidence was an inhibiting factor. This is in contrast 
with previous research which reveals that teachers’ lack of confidence and skills in using 
technology and their lack of technology knowledge are important factors in whether or not they 
choose to integrate technology (Forgasz, 2006; Handal et al., 2013; Lim & Khine, 2006). However, 
after the first implementation, the teachers of this study realized that they needed additional 
knowledge and skills in GeoGebra. This was remedied after the second implementation whereby 
teachers were somewhat able to fill those knowledge and skill gaps as well as boost their confidence 
through collaborations with the researcher. Again, this finding suggests that teachers may not have 
an accurate perception of their knowledge, skill and confidence levels regarding technology 
integration. It is also worth noting that the impact of the intervention on ZPD was inconsistent 
across the participants. This indicates that every individual experiences the impact of certain 
inhibiting factors differently from others or that some inhibiting factors might impact some 
individuals but not others. 
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Finally, a lack of adequate or sufficient training in technology integration is the top most 
cited issue hindering teachers’ use of technology (Bingimlas, 2009). This was supported from the 
findings of this study which indicated that three of the teachers reported to not have had adequate 
training or experience with technology integration, in general, and GeoGebra, in specific. 
Interestingly, despite the fact that the teachers reported not having adequate training, they still 
indicated that their knowledge and skills were the least inhibiting factors in their technology 
integration (as stated above). Teachers’ lack of training and competence in technology integration is 
in fact directly related to their knowledge, skills and confidence (Becta, 2004; Bingimlas, 2009).  

6. Recommendations 

In sum, when considering the zones for the four participants together, it can be said that the 
GeoGebra intervention done iteratively and collaboratively increased participants’ confidence, 
knowledge and skills, filled ZPA gaps in technology integration, and helped them overcome many 
ZFM barriers. Analyzing these results clarifies the interconnectivity among the zones and how it is 
best to work on all of them simultaneously by not only trying to overcome or remove the barriers 
but also capitalizing on affordances. This study also highlights the importance of working in 
teachers’ own environments or contexts.  
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Abstract. Digital mobile devices can contribute for teaching and learning processes. This 
article illustrates reflections concerning geometric discoveries produced by students in tasks 
with FreeGeo device. The teaching experiment took place in a High School classroom and 
the tasks focused on identification, conceptualization and analysis of quadrilaterals 
properties. Data collection was done using written answers to the tasks, researchers’ diaries, 
capture of screen, and interactions throughout the classes. Students’ observations related with 
parallel lines were recurrent. Actions such as dragging, moving and enlarging were 
evidenced in the analysis. Learning quadrilaterals with mobile dynamic geometry 
environment with touchscreen (MDGEwT) can enrich subjects’ discourse. Embodied 
actions, particularly those related with touch, also should be considered as new ways to think 
mathematically with such device.    

Résumé. Les appareils numériques portables peuvent contribuer aux processus 
d'enseignement et d'apprentissage. Cet article illustre les réflexions concernant les 
découvertes géométriques produites par les élèves dans le cadre de tâches avec le dispositif 
FreeGeo. L'expérience d'enseignement s'est déroulée dans une classe de lycée et les tâches se 
sont concentrées sur l'identification, la conceptualisation et l'analyse des propriétés des 
quadrilatères. La collecte des données a été effectuée à l'aide de réponses écrites aux tâches, 
de journaux personnels des chercheurs, de captures d'écran et d'interactions dans les classes. 
Les observations des élèves relatives aux lignes parallèles étaient récurrentes. Des actions 
telles que le glissement, le déplacement et l'agrandissement ont été mises en évidence dans 
l'analyse. L'apprentissage des quadrilatères avec l'environnement de géométrie dynamique 
portable avec écran tactile (MDGEwT) peut enrichir le discours des élèves. Les actions 
incorporées, en particulier celles liées au toucher, devraient également être considérées 
comme de nouvelles façons de penser mathématiquement avec ce type d'appareil. 

 

1. Introduction 
Smartphones are becoming indispensable personal objects for students and even teachers. Their 
connectivity, ubiquity, convergence and mobility widen their possibilities to be implemented in 
teaching environments; they foster learning, and they allow for a variety of tasks (Henrique & 
Bairral, 2018).This article2 illustrates how High School students at a public school, working on 
FreeGeo device, learn concepts and properties about quadrilaterals and justify their ideas for the 
proposed activities.  
In Brazil, geometry instruction still favors the use of conventional resources or approaches based 
mainly on static figures, memorization and little reasoning. In order to contribute with new 
pedagogical possibilities for establishing connections and better understanding regarding 
geometrical shapes, this paper provides insight on how MDGEwT can foster mathematical thinking, 
particularly different ways of justifying properties and related concepts concerning quadrilaterals. 
 

                                                
2 Research project granted by CNPq. 
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2. Learning Geometry with Touchscreen 

Due to the simultaneity of motion in different elements (points, sides, angles, areas etc.) from one 
picture touchscreen on a mobile device is not neurocognitively the same as mouse clicks (Bairral, 
2019). A MDGEwT should allow the user to interact constantly both with the device and with the 
other people in the group, and move freely during the task in progress using various forms of 
communication, technological and geometric strategies.  
MDGEwT also provides more freedom in manipulation with continuity throughout the screen and it 
also may serve an important function of grounding mathematical ideas in bodily form, as it may 
also communicate perceptual (Arzarello, Olivero, Paola, & Robutti, 2002), spatial and relational 
concepts (Boncoddo et al., 2013). Interaction in MDGEwT occurs by touching on, with or from the 
screen device and thus we will have not only gestures or drags, but also screen touches and other 
handlings (Bairral, 2017). All of them (talking, writing, gestures, dragging, touching, handling with 
the device etc.) occur synchronically and they express thought. This bundle gives evidence of the 
internalization of artifacts explored, manipulated, and constructed on the device screen (Ng & 
Sinclair, 2015). 
In MDGEwT, learning also occurs when the subject produces meanings from observation and 
analysis in a static or moving form for various geometric objects. During the teaching of 
quadrilaterals, conceptualizing, classifying3, giving names, justifying and understanding properties 
must be seen as interrelated processes. All of them are important and they must be continually 
enhanced by another important process: visualization. 
 

3. The Teaching Experiment 
The teaching experiment proceeded in three different moments: (1) elaboration of tasks, (2) 
implementing of tasks, and (3) data analysis. FreeGeo4 App is only focused on geometry and takes 
up less space on smartphone then GeoGebra. We developed a sequence of tasks on quadrilaterals 
(Bairral & Silva, 2018) for twenty High School students (16-19 years old). Students had already 
studied quadrilaterals in primary and middle school, but basically not much farther than nomination 
(square, triangle, rhombus).  
The students used their own smartphones and FreeGeo was shared via Bluetooth through 
MyAppSharer. Students worked in pairs for 12 hours (6 classes). Such classroom organization was 
new for them. In addition to the initial and final assessment, the tasks were grouped into four specific 
sets of quadrilaterals5: 1 (squares and rectangles), 2 (rhombus), 3 (generic parallelograms), 4 
(trapezoids). Since these are the type of quadrilaterals explored in the adopted textbook we decide to 
explore only them. Our aim was to register processes of learning and the students expressing, in their 
own words and ways, processes of identification, conceptualization and analysis of quadrilaterals 
properties (mathematical learning), processes of discovery through action and perception (learning 
awareness related to doing and perceiving, specially visualizing). 
During the process students were continuously invited to express their ideas in different ways 
writings, drawings, gesturing, constructing on App etc.), and they were allowed to use the App as 
soon as they wanted. As strategies for data collection, responses were used from the students answers 
from activity sheets, written records of the researchers, screen capture, observations and 
conversations throughout the classes. The content analysis was focused on the properties and 
concepts of the quadrilaterals, and how students justify their ideas. Here we illustrate and analyse 
                                                

3Although classification was not the main focus in this analysis, it was developed naturally through the 
activities. In the Course for a degree in Mathematics we explore the classification of quadrilaterals 
further, as we also delve deeper into concepts and definitions. 

4 FreeGeo App is both ios and android compatible and it is free. 
5 In Bairral & Silva (2018) you will see all the designed tasks.  
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some writings responses. 

4. Results  

The initial tasks explored a set of possible definitions/ descriptions often presented in Brazilian 
textbooks when working with quadrilaterals, for example “has a single pair of parallel sides, only a 
pair of right angles, square is a parallelogram, every quadrilateral has four sides, four vertices and 
four angles”. During task 1 students were able to freely investigate software tools through free 
constructions. Initially they had difficulty on the meaning of parallel, right angle, acute and obtuse. 
The doubts were clarified and in the following tasks were identification of squares, rectangles and 
lozenges, and rhombus free construction.  
In the first two meetings students constructed quadrilaterals without using a procedure based on 
quadrilateral properties. This allowed some discoveries. For example, when constructing a square, if 
a student only takes into account the congruence of the sides and angles, the figure will deform 
during the handling. It is necessary to perform some procedure that guarantees the parallelism of the 
sides (2 by 2) or the perpendicularity (2 by 2 sides). Some answers given to a rhombus: all its sides 
are equal, different angles, equal diagonals, it sides are formed by two pairs of parallels, it 
diagonals have equal angles. These answers are those commonly observed in textbooks when we 
characterize this type of quadrilateral. Students can memorize them without deep understanding. The 
next aspect calls attention to the action of stirring. It shows the dynamic movement aspect of the 
application and the student's discovery: Moving the sides of the rhombus, it changes into other 
figures, for example triangle and square. 
At each meeting, a conversation was held about what had been studied previously. A curiosity is that 
the concept of parallel was present in all the meetings and the students always were attentive to the 
confirmation of the parallelism of certain sides. As they discovered characteristics of a given 
quadrilateral we discussed about how quadrilaterals could be grouped. Classification was not the 
goal itself, but a reflective process. Caroline and Victor observed that the trapezoids do not need 
angles and sides of the same measure and that the parallels remain always parallel. It is worth 
bringing here Patrick’s answer on the condition of existence of a trapeze from the action of stirring: 
No matter what I do, the parallels of the trapeze never cease to exist. Chart 1 summarizes and 
illustrates some of these students’ reflections and written justifications. Answers were grouped to 
show responses regarding sides, angles and parallel lines. 
 
Chart 1: Example of justifications 
 
Justifications based on properties 
explained in the activity sheets 

Justifications oriented by the handling on APP (with researcher’ 
underlines) 

All its sides are equals Moving on the sides of the rhombus it changes into other figures, 
for example triangle and square 

The opposite angles always have 
the same measure 

I noticed that the measurements move as the shape moves and 
also the values are equal on opposite sides 
The angles increase and decrease as I pull the dots in and out 
Always when we move the shape it has 2 equal sides and 2 
parallel sides 

The parallel lines always remain 
on totally different sides 

No matter what I do, the parallels of the trapeze never cease to 
exist. 
Whatever form we are going to move the parallels always remain 
parallel. 
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Chart 1 is interesting to highlight the type of justification given from APP handling and to show that 
students were thinking with this device and did not only pay attention in responses that appeared on 
the sheet of activities. Although these two types of justification (sheet and APP) are cognitively 
intertwined, the second one shows the autonomy and students enriching their geometric discourse. It 
also points out that this type of classroom-based intervention gives the students the freedom to think 
and take their conclusions in constant interaction with heir own bodies, with the device, with 
colleagues and with the teacher.  
 
5. Final Remarks 

In this article we illustrate and analyse some student justifications given by quadrilateral tasks in 
FreeGeo APP. We present some possible responses. They are answers or properties that the 
students conjecture about the quadrilaterals they are exploring. Our study is based on instruction 
that breaks with memorization of names and formulas, and the sole usage of static geometric 
shapes. From the tasks and the different interactions established (subject-APP, subject-subject) the 
students were handling their constructions and observing regularities according to each figure.  
The device, as a physical extension of their body, crossed their mathematical discoveries. Actions 
such as moving, dragging, pulling and augmenting constitute other ways of producing meaning and 
they must compose quadrilaterals repertoire when MDGEwT comes into play. These actions are 
essentially embodied and synchronous (Ng, 2016). Handling in FreeGeo also contributed to the 
visualization, since its constructions are not static, which facilitates the exploration of varied forms, 
without losing the geometric characteristics of the construction (Dalcín and Molfino 2012).  
In quadrilaterals setting we deal at least with one pair of parallel lines. Using static shapes (with 
pencil and paper, for instance) this geometric condition is given as a fact and analysis is often 
based on sides, angles and diagonals. In our experiment students were paying attention to 
parallelism throughout the proposed tasks. When teaching quadrilaterals, it is important to consider 
conceptualization, classification, nomination and understanding properties as interrelated 
processes, and all of them are enhanced by visualization. 
 

References 

Arzarello, F., Olivero, F., Paola, D., & Robutti, O. (2002). A cognitive analysis of dragging 
practises in Cabri environments. ZDM, 34(3), 66-72.  

Bairral, M., Arzarello, F., & Assis, A. (2017). Domains of manipulation in touchscreen devices 
and some didactic, cognitive and epistemological implications for improving geometric thinking. In 
G. Aldon, F. Hitt, L. Bazzini, & U. Gellert (Eds.), Mathematics and technology: a CIEAEM source 
book (pp. 113-142): Springer. 

Bairral, M. A. (2019). Dimensions to Be Considered in Teaching, Learning and Research with 
Mobile Devices with Touchscreen. Acta Scientiae, 21(2), 93-109. 
doi:10.17648/acta.scientiae.v21iss2id5040 

Bairral, M. A. (2017). As Manipulações em Tela Compondo a Dimensão Corporificada da 
Cognição Matemática. JIEEM, 10(2), 104-111.  

Bairral, M. A., & Silva, E. R. da C. (2018). Trabalhando quadriláteros em smartphones: alunos de 
uma escola pública descobrindo e produzindo propriedades. Debates em Educação, 10(22), 164-
190. doi:10.28998/2175-6600.2018v10n22p164-190 

Boncoddo, R., Williams, C., Pier, E., Walkington, C., Alibali, M., Nathan, M., . . . Waala, J. 
(2013). Gesture as a Window to Justification and Proof. In M. C. S. Martinez, A. (Ed.), 
Proceedings of the 35th annual meeting of the North American Chapter of the International Group 
for the Psychology of Mathematics Education (pp. 229-236). Chicago, IL: University of Illinois at 
Chicago. 

Dalcín, M., & Molfino, V. (2012). Clasificación particional de cuadriláteros como fuente de 



“Quaderni	di	Ricerca	in	Didattica	(Mathematics)”,	Numero speciale n. 7, 2020	
G.R.I.M.	(Departimento	di	Matematica	e	Informatica,	University	of	Palermo,	Italy)	

	

 425 

demostraciones y construcciones en la formación inicial de profesores. Revista do IGISP, 1(1), 
LXXXI - XCVII.  

Henrique, M. P., & Bairral, M. (2019). Touching, moving and understanding properties related 
with parallel lines intersected by a transversal line with GeoGebra on smartphones. Quaderni di 
Ricerca in Didattica: Matematica (3) Special Issue Proceedings CIEAEM70), 109-116.  

Ng, O. (2016). Comparing calculus communication across static and dynamic environments using 
a multimodal approach. Digital Experiences in Mathematics Education, 2(2), 115-141. 
doi:10.1007/s40751-016-0014-8 

Ng, O., & Sinclair, N. (2015). “Area without numbers”: using touchscreen dynamic geometry to 
reason about shape. Canadian Journal of Science, Mathematics and Technology Education, 15(1), 
84-101. 
  
 



“Quaderni	di	Ricerca	in	Didattica	(Mathematics)”,	Numero speciale n. 7, 2020	
G.R.I.M.	(Departimento	di	Matematica	e	Informatica,	University	of	Palermo,	Italy)	

	

 426 

 


