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The poster presents an ongoing PhD study that network theories to inform the use of digital 
technologies in mathematics education. Through networking strategies, the reasoning and the 
problem handling competencies from the Danish competence framework (KOM) is to be networked 
with theoretical contributions from mathematics education research to form a new framework, which 
will be developed and refined through Design-Based Research (DBR).  
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This PhD study is part of a larger research project at the Danish School of Education that includes 
three PhD studies in total. The overall project addresses the potential interplay between digital 
technologies and the introduction of mathematical competencies the KOM (Niss & Højgaard, 2011). 
To examine and inform this interplay the larger research project aim to further develop well-
established theoretical contributions in the field of mathematics educations. KOM is an analytical 
tool to describe cognitive processes of mathematical activity across mathematical topics. The 
framework consists of eight distinctive, yet mutually related competencies and defines a mathematical 
competency as the individual’s “…well informed readiness to act appropriately in situations 
involving a certain type of mathematical challenge” (Niss & Højgaard, 2011, p. 49). This PhD study 
aims to network well-established theoretical contributions to inform how GeoGebra can support 
lower secondary school student’s development in the interrelated aspect of the reasoning competency 
and problem handling competency. This is further limited to the topic of variables as a general 
number. The interrelation of the two competencies concerns students’ ability to justify solutions to 
subjectively non-routine problems (Niss & Højgaard, 2011). This leads to the following research 
question: How can well-established theoretical contributions and the KOM-framework be integrated 
through networking strategies, to inform how GeoGebra may support student’s justifications of 
solutions with and about variables as a general number in problem-solving processes?  

This will be answered through utilizing strategies from the method Networking of Theory (NT) 
(Prediger, Bikner-Ahsbahs, & Arzarello, 2008) in interplay with three DBR cycles (Bakker, 2018). 
The ambition is to reach integrating locally where a small number of frameworks and constructs are 
integrated to produce a new framework (Prediger et al., 2008). To obtain this stage of integration, 
other networking strategies can support the process of selecting theoretical constructs and the 
integration, at different stages of the study. DBR involve preparation of and designing teaching 
experiments and theoretical developments (Bakker, 2018). Particular in the retrospective analysis of 
teaching experiments DBR can contribute to the integration and refinement of the new framework. 
In networking, the theory development also entails serving attention to the compatibility and 
complementariness of theoretical constructs (Prediger et al., 2008). E.g KOM has a cognitive 
perspective. For theoretical constructs to be compatible, they must align with this perspective on a 
principle level. This analysis can be assisted by the strategies contrasting and comparing. In the 
preparation of teaching experiment in the DBR cycles (Bakker, 2018), the coordinating strategy can 
produce insights on how different analytical tools can bring about different information from the 
empirical data. Currently, the project is in the first preparation phase and thus focus on the 
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development of a well-informed task sequence considering theoretical perspectives, as well as 
empirical results derived within these perspectives. Following, initial decisions in terms of the design 
of the task sequence are discussed. 

Lithner (2008) argues that students’ reasoning in problem solving processes should be derived from 
their mathematical knowledge, in contrast to outer authorities as formulas and prototypical solutions 
in textbook or solutions guided by the teacher. It follows that for students to be able to form 
mathematical anchored justifications, the task must relate to student prior knowledge. Variable as a 
general number covers a range of situations that students in early secondary school are not necessarily 
familiar with (Ursini & Trigueros, 2001), hence the use of variables in the tasks sequence should 
relate to topics that are more familiar for the students. Throughout primary school, students learn 
about the coordinate plane as well as basic geometrical shapes and properties. Relating variables in 
the task sequence to these topics can more likely present the possibility for students to justify solutions 
mathematically. At the same time, the tasks should present a non-trivial problem for the students, to 
allow students to build chains of arguments (Niss & Højgaard, 2011). To support students’ arguments 
in GeoGebra it should be carefully considered what tools are used and which representations are 
mediated to the students. In GeoGebra, variables are constructed as objects in the geometric plane or 
as letters whose value is changed using a slider. As the use of multiple representations is a great tool 
to support argumentation (Noss et al., 2009), the latter is used in the task sequence, as students gets 
access to and hence can translate between geometric, numeric and symbolic representations.  

Actual theoretical contributions that are considered for integration in the new framework, how DBR 
influence the development of the new framework and an example from the task sequence will be 
presented in the poster. 
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