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Plan 

• Digital technology 

– Frameworks to think about its role in education  

• Example of dynamic geometry 

– Various usages following the SAMR frameworks 

– Analysis from the instrumental perspective 



Role of technology in education 

• Two metaphors (Pea, 1985) 
– Amplifier metaphor 

• technology changes “how effectively we do traditional tasks, amplifying or 
extending our capabilities, with the assumption that these tasks stay 
fundamentally the same” (p. 168) 

– Reorganizer metaphor 

• technology changes “the tasks we do by reorganizing our mental 
functioning, and not only by amplifying it” (ibid.) 

• Two approaches to e-assessment (Ripley, 2009) 
– Migratory 

• traditional paper-based tasks are translated into digital format, but remain 
qualitatively unchanged 

– Transformative 
• aims at assessing skills and abilities that are usually not assessed 



Role of technology in education 

• RAT framework (Hughes et al., 2006) 

– Considering three dimensions of the 
instructional event: 

• Instructional method 

• Student learning processes 

• Curriculum goals 



Role of technology in education 

• SAMR model (Puentedura, 2006)  



Example of dynamic geometry (DG) 
• DG can play four different roles (Laborde, 2001) 

– DG is used mainly as facilitating material aspects of the 
task while not changing it conceptually (e.g., draw  a figure 
with DG tools) 

– DG is supposed to facilitate the mathematical task that is 
considered as unchanged: this is the case where DG is used 
as a visual amplifier in the task of identifying properties 
(e.g., given a polygon and its translated image, conjecture  
relations between their sides) 

– DG is supposed to modify the solving strategies of the task 
due to the use of some of its tools and to the possibility 
that the task might be rendered more difficult (e.g., 
construct a square with a given side) 

– the task only exists in  DG (e.g., reconstruct a dynamic 
diagram) 

Substitution 

Augmentation 

Modification 

Redefinition 



Types of tasks with DG 
Substitution 

Free drawing 

different semiotic potential 

straightness 
a straight line 

passes through 2 
distinct points 



Types of tasks with DG 
Substitution 

Free drawing 

different semiotic potential 

equidistance from 
a given point 

3 non-aligned 
points define a 

circle 



Types of tasks with DG 
Substitution 

Figures/Subst_aire triangl.ggb


Types of tasks with DG 
Augmentation 

Semiotic potential of the drag mode:  

- Drag mode generates a number of different 
configurations 

- Geometric property is what remains 
unchanged while dragging free points 

DG as a visual amplifier facilitates the 
identification of geometric properties 

Conjecture / verify 
a geometric 

property 

Figures/Angle_droit_inscrit_cercle_robuste.ggb


Types of tasks with DG 
Augmentation 

Conjecture / verify a 
geometric property 

(robust construction) 



Types of tasks with DG 
Modification 

Role of dynamic geometry 

- Forces the resort to geometric 
properties (construction task 
modified) 

- Drag mode is used to validate / 
invalidate the construction 

- Facilitates distinguishing 
between drawing and figure 

Construct a (robust) figure  
(the figure must resist while 

dragging) 

Figures/Modif_carre.ggb


Types of tasks with DG 
Modification 

Role of dynamic geometry 

- Support exploring the situation: this 
“what-if property” is a creative 
means for generating and testing 
various scenarios for what could be, 
given different hypothetical 
conditions (Pea, 1985)   

- Help distinguishing between 
hypothesis (condition) and 
conclusion (toward hypothetico-
deductive reasoning) 

Search for conditions 
that lead to obtaining 

a specific configuration 
(soft construction) 



Types of tasks with DG 
Modification 

Instrumental issues  

Drag mode used for different 
purposes (Arzarello et al. 2002): 

- explore freely the situation => 
wandering dragging  

- obtain a particular configuration 
(what-if) => guided dragging 

- search for positions of a point that 
satisfies a condition (locus) => 
dummy locus dragging 

Search for conditions 
that lead to obtaining 

a specific configuration 
(soft construction) 

(Olivero, 2002) 

Different drag instruments => different solutions  

Figures/Modif_quadrilatere.ggb


Types of tasks with DG 
Redefinition 

Dragging supports 

- experimenting on the drawing 

- conjecturing (hidden) geometric 
properties 

- testing conjectures 

Find the relation 
between objects  

(black box) 

(Restrepo, 2008) 

Figures/Redef_boite noire.ggb


Types of tasks with DG 

S A M R 
Enhancement Transformation 

Cognitive activity: observation 

Pedagogical approach: teacher-
centered 

Drag mode:  

• Points to drag are indicated 

• Variations to discern 
properties 

Paradigm: robust constructions 

Proof: seems unnecessary 

Cognitive activity: inquiry, exploration, 
problem solving 

Pedagogical approach:  student-centered 

Drag mode:  

• Part of problem solving strategy, choice 
of points to drag is the student’s 
responsibility 

• Various modalities and various purposes 
=> various “drag instruments” 

Paradigms: robust and soft constructions 

Proof: meaningful 



Conclusion 

• Technology itself is not transformative, it is the way 
how it is used that can be transformative 

• Various ways of using technology (from S to R) 
– More or less student-centered 

– More or less engaging cognitive activity 

– More or less transformative 

• Instrumental issues 
– Students’ instrumental geneses => variety of instruments 

yielding different solution paths 

– Teachers’ double instrumental genesis => instrumental 
orchestration 



Références bibliographiques 
Arzarello, F., Olivero, F., Paola, D. & Robutti, O. (2002). A cognitive analysis of dragging practises in Cabri 

environments. ZDM 34(3), 66-72. 

Hughes,  J., Thomas, R., & Scharber, C. (2006). Assessing Technology Integration: The RAT – Replacement, 
Amplification, and Transformation – Framework.  In C. M. Crawford et al. (Eds.) Proceedings of  the 
Society for Information Technology & Teacher Education International Conference (pp. 1616-1620). 

Laborde, C. (2001). Integration of technology in the design of Geometry tasks with Cabri-Geometry. 
International Journal of Computers for Mathematical Learning 6, 283–317. 

Laborde, C. (2005). Robust and soft constructions: two sides of the use of dynamic geometry 
environments.  In S.-C. Chu et al. (Eds.), Electronic Proceedings of ATCM 2005. 

Olivero, F. (2002). The proving process within a dynamic geometry environment. University of Bristol. 

Pea, R. D. (1985). Beyond amplification: Using the computer to reorganize mental functioning. Educational 
Psychologist, 20(4), 167-182.  

Puentedura, R.R. (2006). Transformation, technology, and education.  http://hippasus.com/resources/tte/  

Restrepo, A. M. (2008), Genèse instrumentale du déplacement en géométrie dynamique chez des élèves 
de 6ème. Université J. Fourier, Grenoble.. 

Ripley, M. (2009). Transformational computer-based testing. In F. Scheuermann & J. Björnsson (Eds.), The 
transition to computer-based assessment (pp. 92-98). Luxemburg: Office for Official Publications of 
the European Communities. 

http://hippasus.com/resources/tte/


Digital technology and its various uses 
from the instrumental perspective 

Jana Trgalová 

University of Lyon, France 

Symposium on Artificial Intelligence for Mathematics Education (AI4ME) 
Castro Urdiales (Spain), February 28th - March 1st, 2020 


