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This paper outlines central points from my presentation at the plenary panel "Big Questions in Mathematics Education" of CERME12. I begin by briefly recounting the historical struggles with implementation of digital tools in mathematics education, and refer to the importance of how digital tools are utilized. To provide an example of the nuances and complexity of the research involved on digital technology in mathematics education, I focus on the specific digital tool of dynamic geometry environments and describe pertinent dimensions of research foci in relation to this software: student learning, task design, the teacher. I consider some of the major challenges with regards to the implementation of dynamic geometry environments as well as other digital resources in mathematics education. Finally, I reiterate the three broad questions posed for the plenary panel debate.

Looking back

Since the introduction of digital technology in mathematics education, extensive research has been conducted in relation to the implementation of different types of digital tools. In fact, already in the mid-eighties, the very first ICMI study [START_REF] Churchhouse | The Influence of Computers and Informatics on Mathematics and its Teaching[END_REF] considered the consequences computers and informatics might have on mathematics and mathematics education, and at that time, researchers were optimistic. However, two decades later, in the 17th ICMI study, Michelle Artigue looked back and reported that "The situation is not so brilliant and no one would claim that the expectations expressed at the time of the first study have been fulfilled" (Artigue, 2009, p. 464). During his CERME11 plenary speech, Paul Drijvers reflected on the low effect of integration of digital technology in mathematics education, acknowledging that "the mathematics education community is still struggling with the integration of digital technology in teaching and learning." (Drijvers, 2019, p. 8), while suggesting that the quality and exploitation of the digital tools are essential ingredients for effective integration. The manner in which digital technologies are utilized seems to be essential [START_REF] Drijvers | Embodied instrumentation: combining different views on using digital technology in mathematics education[END_REF][START_REF] Højsted | Signs emerging from students' work on a designed dependency task in dynamic geometry[END_REF][START_REF] Jankvist | CAS-Induced Difficulties in Learning Mathematics? For the Learning of Mathematics[END_REF]. In fact, [START_REF] Niss | Mathematics standards and curricula under the influence of digital affordances: Different notions, meanings and roles in different parts of the world[END_REF] proposes that "the very same piece of digital technology can give rise to 'marvels' as well as to 'disasters' in mathematics education. This means that no ICT system, hard or soft, is, in and of itself, good or bad for mathematics education." (p. 247).

Of course, there are many different types of software, and many different software of the same type. If we take the paradigmatic example of dynamic geometry environments (DGE), which has received a lot of research attention, more than 40 DGE had been developed by 2012 [START_REF] Hollebrands | Preparing to teach mathematics with technology: An integrated approach to geometry[END_REF]. Initially, much of the DGE research focused on students learning with DGEs, for example, Arzarello and colleagues' (2002) seminal work that categorized seven spontaneous ways in which students drag objects in DGE. Another example is [START_REF] Mariotti | Transforming Images in a DGS: The semiotic potential of the dragging tool for introducing the notion of conditional statement[END_REF] elaboration of the semiotic potential of the dragging tool to introduce conditional statements.

More recently, research attention has shifted towards task design, with authors describing DGE task design principles for specific mathematical aims, for example non-constructability tasks and dependency tasks in relation to conjecture generation and reasoning [START_REF] Baccaglini-Frank | Designing nonconstructability tasks in a dynamic geometry environment[END_REF][START_REF] Højsted | Signs emerging from students' work on a designed dependency task in dynamic geometry[END_REF], or developing frameworks to assess task quality (e.g. [START_REF] Trocki | The development of a framework for assessing dynamic geometry task quality[END_REF].

Less research has been conducted in relation to the role of the teacher in facilitating the implementation of DGE [START_REF] Komatsu | Task Design Principles for Heuristic Refutation in Dynamic Geometry Environments[END_REF]. The same applies to other digital tools, as described by Traglová and colleagues (2018), who reviewed the research output on digital technology in mathematics education coming from CERME conferences since 1999, "the awareness of the importance of the teacher dimension in research on technology in mathematics education [...] emerged slowly" (p. 154). Although there are several salient contributions on the role of the teacher (e.g., [START_REF] Bartolini-Bussi | Semiotic mediation in the mathematics classroom: Artifacts and signs after a Vygotskian perspective[END_REF][START_REF] Drijvers | The teacher and the tool: instrumental orchestrations in the technology-rich mathematics classroom[END_REF]) it is my impression, that this dimension still needs the most research attention. Suggesting the same in her PME plenary, Ana Sacristán proposed that teachers are the key players for the successful implementation of digital technologies, calling for "more teacher involvement in both professional development, and as co-constructors and collaborators in the design of technological implementations and resources" (Sacristan, 2017, p. 90).

Indeed, any designed digital mathematical resource may be adopted by their users (teachers and students) to suit their perceived needs in a particular classroom context (e.g., [START_REF] Trgalová | Model of Appropriation of a Curricular Resource: A Case of a Digital Game for the Teaching of Enumeration Skills in Kindergarten[END_REF]. The appropriation process may lead to a use of the resource that is not coherent with the educational intentions of the designer.

In a recent study (Højsted & Mariotti, in press), we found that collaborating with teachers about theoretical aspects of technology implementation can be a complex affair. This intricate issue requires reflecting on how to interface with teachers effectively to accomplish specific educational goals, while taking into account the variety of possible pedagogical paradigms that different teachers may adoptparadigms that may well be implicit.

Looking forward

Even if much has been accomplished in research on digital technology in mathematics education, it is evident that successful integration of digital technology into teaching and learning mathematics remains a difficult and complex issueakin to a gordian knot. Therefore, looking forward, I suggest that we reflect on these broad questions in the plenary debate:

1. How can we ensure that in another two decades, we are not still disappointed? 2. Which are the main issues hindering successful implementation of digital technologies in mathematics education and what are the solutions? (The teacher dimension? Design of resources?) 3. How can solid research findings on digital technologies in mathematics education find its way into praxis?