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This paper describes a PhD research project addressing the issue of the quality aspects of dynamic materials. Platforms with user-generated Educational Resources for mathematics teaching show a wide variety in terms of the quality of the materials. The presented project investigates possible quality criteria for dynamic materials based on the opinions of experts in electronic resource development, who describe their views on educationally valuable use of dynamic materials. The relevance of the findings that have emerged is examined through a further quantitative study. Results of this project offer new inputs and ideas for designing manual and/or automatic review systems for dynamic material platforms such as the GeoGebra Materials platform.

Introduction: Quantity vs. quality of resources

Numerous online platforms provide a large number of Open Educational Resources (OER) for teaching mathematics (e.g. GeoGebra Materials, 2016;LearningApps, 2016;I2Geo, 2016). The enormous quantity and variability of quality make it difficult for users to quickly find appropriate resources for their teaching [START_REF] Trgalova | Quality process for dynamic geometry resources: the Intergeo project[END_REF]. The problem of inconsistent quality particularly appears on platforms with user-generated Educational Resources, not supported by a dedicated editorial team. They are often free or low-cost materials, which are created and shared by different types of users [START_REF] Camilleri | State of the Art Review of Quality Issues related to Open Educational Resources (OER)[END_REF][START_REF] Ott | Kriterien für die automatisierte Bewertung von user-generated educational Microcontent[END_REF].

An example of a large repository of dynamic mathematics materials -GeoGebra Materials

One example of such a platform is GeoGebra Materials (2016) that already offers more than a half million public dynamic materials (as of November, 2016). Since dynamic worksheetscreated using the dynamic mathematics software GeoGebracan be uploaded, copied, edited and organized into collections by every user, this platform is subject to the aforementioned problem of inconsistent quality [START_REF] Kimeswenger | GeoGebraBooks für Tablets[END_REF][START_REF] Nabb | CAS as a restructuring tool in mathematics education[END_REF]. According to interviews with GeoGebra users, it is not always easy to find high-quality resources on this website that comply with users' own quality standards. Thus, it might be desirable to reconsider the review and ranking systems of a platform that might influence the appearance and order of search results.

Quality and assessment of mathematics materials on platforms

Several platforms with materials for mathematics teaching have different mechanisms to assess the quality of their resources with a similar aim: influencing the search results and ranking the highquality materials first [START_REF] Libbrecht | Cross-Curriculum Search for Intergeo[END_REF][START_REF] Ott | Kriterien für die automatisierte Bewertung von user-generated educational Microcontent[END_REF]. For instance, the project Intergeo, [START_REF] Trgalova | Quality process for dynamic geometry resources: the Intergeo project[END_REF]Trgalova et al. ( , p. 1163) characterized nine "relevant indicators" of quality of dynamic geometry resources on their platform I2Geo: "metadata, technical aspect, mathematical dimension of the content, instrumental dimension of the content, potential of the DG, didactical , pedagogical implementation, integration of the resource into a teaching sequence, [and] usage reports." For example, one criterion according to the indicator "content" is "validity" with the question "Are the activities in this resource correct from the mathematical point of view?".

Intentional vs. non-intentional reviews

To facilitate the development of a new review system for the GeoGebra Materials platform I considered combining an intentional and non-intentional review system. Under the project Intergeo, a questionnaire was developed based on the above-mentioned quality indicators. The assessment of the quality of a particular resource on the I2Geo platform requires users to respond to 9 broad statements, which can be extended optionally to 59 questions -using a scale from 'I agree' to 'I disagree' [START_REF] Kortenkamp | Using the Intergeo Platform for Teaching and Research[END_REF]I2Geo, 2016;[START_REF] Trgalova | Quality assessment process for dynamic geometry resources in Intergeo project[END_REF]. Alternative ways for users to intentionally contribute to the evaluation of a resource are through 'likes', comments or star ratings, which are also often implemented on platforms with a large number of resources for teaching mathematicsfor instance, on CK-12 (2016) or LearningApps (2016). These review possibilities are highly depend on the willingness of individual users to contribute to the review process of certain materials.

In many cases, only a small number of the materials that have been viewed have also been reviewed by a user. For example, on average, only 0.22% of viewed resources on the video-sharing website YouTube have been reviewed by likes or comments [START_REF] Siersdorfer | How useful are your comments[END_REF]. Therefore, [START_REF] Ott | Kriterien für die automatisierte Bewertung von user-generated educational Microcontent[END_REF], who investigated the issue of the quality of interactive exercises on the platform LearningApps, considered assessing quality in an automatic way. For instance, one quality criterion is related to the communication with other users. It turns out that authors of exercises of LearningApps with an average well-rated content (4-5 stars out of a maximum of 5 stars) communicate more than the average authors. Thus, the absolute number of authors' messages could be used as an evaluation criterion for their created content according to [START_REF] Ott | Kriterien für die automatisierte Bewertung von user-generated educational Microcontent[END_REF].

In summary, I am interested to identify suitable methods for reviewing dynamic materials that are different to traditional practices, such as solely by questionnaire. It is possible that elements of both approaches, where users assess quality intentionally or non-intentionally/automatically, might be combined within a new conception of a review system for dynamic instructional materials on the GeoGebra Materials platform.

OECD results -Does technology provide benefits?

The recent OECD results highlighted the necessity to regard the quality of mathematics teaching materials supported by technology. According to the report of OECD ( 2015) there is no evident improvement of students' achievements in countries that invested heavily on educational ICT (Information Communication Technologies) concerning their performance in PISA. [START_REF] Drijvers | Evidence for benefit? Reviewing empirical research on the use of digital tools in mathematics education[END_REF] reflected to the state of the art, and questioned OECD's rather generally formulated claims. Assuming that digital technology is generally good or bad is not a proper approach according to [START_REF] Drijvers | Evidence for benefit? Reviewing empirical research on the use of digital tools in mathematics education[END_REF]. He emphasized the necessity to ask HOW technologies should be used to benefit mathematics learning and encourage high-quality teaching. Higgins, Xiao, and Katsipataki (2012, p. 3) also highlighted the urgency to think carefully about HOW technology should be used for teaching mathematics:

We need to know more about where and how it is used to greatest effect, then investigate to see if this information can be used to help improve learning in other contexts.

Drijver's interpretation of the OECD results and the above quote of [START_REF] Higgins | The Impact of Digital Technology on Learning: A Summary for the Education Endowment Foundation[END_REF] also indicate that technology use does not always result in good teaching. The interpretation within the OECD (2015, p. 3-4) report emphasizes that solely using technology without educational considerations is clearly insufficient. [START_REF] Nabb | CAS as a restructuring tool in mathematics education[END_REF] highlighted that the availability of different available devices has forced a fundamental question: "How should such devices be used in the teaching and learning of mathematics?". In my research, I investigated the quality of technologysupported teaching materials and their 'valuable' uses in education. I believe that my study will assist to fill the gaps suggested by OECD and Drijvers by offering possible guidelines for identifying high-quality technology materials for teaching and learning of mathematics. In particular, I aim to address how to recognize and create high-quality materials, which leads me to the research questions of this project.

Research questions

Q1: What quality criteria for dynamic materials exist according to experts? Q2: How do experts describe the educationally valuable use of dynamic materials? Q3: How could the conclusions from research questions 1 and 2 contribute to the conceptual design of a new review system and the further development of platforms, e.g. "GeoGebra Materials"?

Research design

I began by investigating the complexity of quality aspects of dynamic materials using qualitative research based on Grounded Theory [START_REF] Strauss | Grounded Theory: Grundlagen Qualitativer Sozialforschung[END_REF]. Experts, in particular mathematics teachers and mathematics educators, were interviewed to enquire about their perspective of quality materials. I selected international participants who were deeply involved in different projects and had been working on the development of instructional materials with GeoGebra for many years, thus they can be named as "GeoGebra experts". I considered different nationalities and cultures to reflect on different perspectives concerning decisive criteria for a high-quality material for mathematics teaching, because the GeoGebra Materials platform is also used by wide-range of users from all over the world. Consequently, I interviewed experts from Hong Kong, Uruguay, England, Austria, Hungary and Germany.

After analyzing the interviews, I created a category system that described core dimensions that contributed to the quality of a dynamic material. In addition, I expressed a list of quality criteria for dynamic resources in a "theoretical and detailed quality catalog" obtained from the expert interviews. These considerations about quality criteria and the educational value of the use of dynamic materials should provide new ideas for a conceptual design of a review system for platforms like the GeoGebra Materials website. and that might combine different elements of existing review systems used by other platforms. Based on the initial results of this stage, I also conducted quantitative research and received responses from 84 Italian and Austrian mathematics teachers using an online questionnaire and investigated the relevance of the emerged results.

Examples of quality criteria -The orthocenter of a triangle

The following example offers an idea what quality aspects were mentioned by experts, in this case by a highly-experienced teacher and user of GeoGebra, who referred to a specific dynamic resource on the GeoGebra Materials platform focused on the orthocenter of a triangle (see Figure 1). The interview with the expert revealed one of many quality criteria for a dynamic resource is "supporting the learning of mathematics". A related question that could be asked of users concerning the resource shown in Figure 1 is, "Does the dynamic material support the learning of mathematics?". An answer, from the perspective of the expert, might be, according to the instructions next to the construction, students should move point C and observe the effect of its position to the triangle orthocenter's shape and position. The potential of the material is from the expert's point of view that the dynamic worksheet allows students to explore through the dynamic construction. Depending on the location of the vertices of the triangle, the position of the orthocenter changes. For instance, students could discover that the orthocenter lies inside an acute triangle and outside of an obtuse triangle. Such materials are intended to encourage students to come up with their own assumptions and formulate insights, as in Table 1 summarized.

Quality criterion

Question

How?

"Supporting the learning of mathematics" "Does the dynamic material support the learning of mathematics?" Allows students to explore with the dynamic construction Allows students to discover mathematics Encourages students to make their own assumptions Encourages students to formulate insights This example shows that often many different quality aspects come together to influence the overall quality of a particular material. Experts were asked about their opinion and perspectives on the potential of instructional dynamic materials in order to investigate the complexity and different facets of the issue of quality of dynamic materials. Table 1 summarized the aspects that concerned the quality criterion "Supporting the learning of mathematics" considering the dynamic worksheet about the orthocenter and showing that many aspects could contribute to the quality of this dynamic worksheet. Additionally, I would like to highlight the difficulty to express guidelines or criteria defining the quality of a dynamic material:

[T]he issue of how to maximize the benefits of the integration of technology is hard to capture in overarching guidelines. (Drijvers et al., 2010, p. 86) Nevertheless, in this paper, I summarize and describe dimensions developed in this study that could contribute to the quality evaluation of dynamic materials.

Eight quality dimensions of dynamic materials

The analysis of the expert interviews revealed eight core "quality dimensions" as crucial factors: (i) author, (ii) mathematical content, (iii) resource type, (iv) supporting the learning of mathematics, (v) integration into teaching, (vi) advantages of dynamic material, (vii) design and presentation, and (viii) technical aspects.

These dimensions were compared to the literature and could significantly influence the quality of a dynamic material created for mathematics teaching. The "author" (i) can be considered as a main quality dimension influencing all of the other above-mentioned items (ii-viii) and is therefore listed first. This importance is due to the fact that the creator has a considerable effect on the resource that she or he has developed and can assist in the decision of what mathematical content is presented to support learning. The creator should consider how to integrate technology to benefit classroom activities and to exploit the potential of the dynamic material. Depending on these considerations and on the available technology in the classroom, the author adopts the dynamic material's design to be as user-friendly as possible and considers teaching aspects related to this kind of material. Next, I present examples showing the importance of the author and how certain conditionssuch as available technology and the author's view on learningeffect the development of GeoGebra resources.

Importance of the author of a dynamic material

The majority of experts stated that there is a strong correlation between the quality of the author and the created material (see Figure 2). When I asked experts to describe their search strategies to find high-quality materials, the importance of the author was pointed out several times. It seems nearly impossible to decide in general, whether a specific resource is of "high quality" or not: "A given resource can be 'good' in one context and 'poor' in another." [START_REF] Trgalova | Quality process for dynamic geometry resources: the Intergeo project[END_REF](Trgalova et al., , p. 1162)). Nevertheless, there seem to be certain strategies for searching for "good" dynamic materials on the GeoGebra platform and certain "authors" were often named. For instance, a British expert mentioned an author, whose: "materials are brilliant and if you see something of [him] then it is a guarantee of quality." (Interview 2015-07-15) Expert users of GeoGebra seem to search particularly on profile pages of already known "high-quality authors", which they expect to produce "good" dynamic materials according to their own standards of quality:

If you get to know people who produce quality materials, they don't tend to produce quality materials by accident. Once, you find one or two things by somebody which is good, you can expect pretty much more materials with high quality. (Interview 2015-07-15) As mentioned in the beginning, inconsistent quality especially occurs, when users with different quality standards share their dynamic materials online. However, this can be regarded not only as a disadvantage, but also as an advantage. These user-generated Educational Resources provide a vast number of instructional materials ready to be used in classrooms created by different authors considering varying circumstances such as diverging curriculums, technical requirements or quality standards.

Available technology

An author's creation of a dynamic material depends on the available technology and the individual classroom situation. In a computer lab, pupils can work independently and actively on dynamic materials, but they require clear instructions and questions complementing the applets. In contrast, dynamic materials do not necessarily contain instructions if it is the intention for the teacher to demonstrate the concepts using a projector. In this case, the teacher can explain the purpose of the resource to students during the presentation. Another example of the influence of available technology on the design of a dynamic material could be derived from mouse driven approaches as opposite to working on touch-sensitive devices. On tablets and mobile phones, learners may directly use their fingers to work with a dynamic resource, while on non-touch devices, dynamic materials are manipulated with a mouse. In addition, displays of these devices are usually smaller than computer monitors and this should be considered within the design of the resource [START_REF] Kimeswenger | GeoGebraBooks für Tablets[END_REF]. In summary, the classroom situation, especially the available technology, strongly influences the design and use of dynamic material's design to include task instructions and the usability.

The author's views on learninglearning theories

Identification and recognition of high-quality authors

Experts suggested to allow users to follow particular authors on the website. Based on these interview results, the "Followers" Badge was released on the resource-sharing platform GeoGebra Materials (March 2016). It seems to be important that a review system of a platform enables users to find materials of specific authors quickly who adhere to similar quality standards. It should also allow following these authors and support finding of these dynamic materials by giving resources of the 'followed' authors a higher priority among the search results.

The "Followers" Badge could help identifying high-quality authors chosen by other users. It represents some kind of recognition outlined by a mathematics educator of Hong Kong:

If the material is good [on the platform GeoGebra Materials], I think the designer has paid a lot of effort. He or she need more encouragement or appreciation. (Interview 2015-07-13) Caprotti and Seppälä (2007, p. 7) also emphasized that authors should be respected and recognized for their high-quality resources. Users will share more materials if their work is recognized -"Credits to creators".

Conclusion

This study addresses the key issue: What is a high-quality material for mathematics teaching supported by technology? The internet offers an immeasurably large number of diverse mathematics teaching and learning resources proving it difficult to navigate for ordinary teachers and students. Therefore, it would be beneficial to identify and assess the quality of dynamic materials before using them in the classroom. It seems important that a review system influencing the search result order of a platform enables users to quickly find materials of specific authors who adhere to similar quality standards as well as to allow following these authors. Additionally, the platform should give resources of followed authors higher priority in search results, but it is also important to offer chances for new authors to be represented among the highlighted search results. Further analysis of different expert interviews and 84 responses of an online questionnaire will examine the complexity of the quality of dynamic materials in greater detail resulting in a detailed catalog of quality criteria. With this background knowledge, additional suggestions for intentional and non-intentional review systems for dynamic material platforms such as GeoGebra Materials could be devised. Beyond the PhD project described in this paper, software developers may implement further results of this study on the material sharing platform GeoGebra to improve finding of high-quality materials for mathematics teaching and learning. Further research will be necessary to investigate these new releases and support their continued improvement.
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Authors' views on learning and on the acquisition of knowledge considerably affect the use of the created materials. The structure and design is influenced by teachers' intentional or non-intentional views on learning theories such as behaviorism, cognitivism or constructivism.

The value of students' own constructions has been often discussed in educational research papers. [START_REF] Mercat | Quality Assessment Plan. The Intergeo Consortium[END_REF] mentioned that principles that draw on a constructivist approach to teaching and learning are commonly accepted in mathematics education. Nevertheless, the development of an instructional material depends on the author's view on learning theories (behaviorism, cognitivism or constructivism). A platform should draw users' attention to high-quality authors who have similar views on learning. On the one hand, this would simplify finding "good" materials within a vast number of resources in repositories. On the other hand, these high-quality authors should be recognized and honored for their effort and top-quality materials.