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TBA IN A GERMAN STANDARDIZED ASSESSMENT INSTRUMENT -A PILOT PROJECT ANALYZING DIGITAL MATHEMATICAL COMPETENCIES IN GRADE 8

Gilbert Greefrath, Lena Frenken 1 , Carola Schnitzler 2 1 University of Muenster, 2 IQB Berlin German Educational Standards already describe digital mathematical competencies such as the use of dynamic geometry software and spreadsheets to solve mathematical problems in parts. However, the current national assessment strategy is still based on paper-and-pencil tests using simple calculators. Here, a pilot project of the German Institute for Educational Quality Improvement (IQB) has initiated the investigation of innovative test items that not only transfer the paper-and-pencil tests into a TBA format, but at the same time develop items that assess subject relevant digital competencies described in the standards and focus on opportunities of digital assessment. In this project, items with dynamic

Introduction

After the unsatisfactory PISA results for Germany in 2000 (OECD, 2001) a strategy for improving educational quality was implemented in the following years. For the first time in Germany, uniform educational standards were introduced that apply to all federal states. These educational standards describe which competencies students should gain until the finalization of different grades by means of a three-dimensional and subject-related competence structure model [START_REF] Leuders | Outcome standards and core curricula: A new orientation for mathematics teachers in Germany[END_REF]. Based on this model, an overall monitoring strategy of the educational system has been introduced in 2006. In addition to international school performance studies (PISA, TIMSS), there are national school performance studies (Stanat, Schipolowski, Mahler, Weirich, & Henschel, 2019) and, based on the same competence model as the national school performance studies, yearly assessments called VERA are performed. The latter are conducted nationwide in grade three (primary school) and grade eight (secondary school) in all general education schools in order to monitor which competencies students have gained at a certain point of time. The aim of VERA is to give teachers differentiated feedback which requirements their classes have already mastered in relation to the educational standards. In Germany, the national educational standards already take into account digital mathematical competencies [START_REF] Geraniou | Towards a definition of "mathematical digital competency[END_REF] such as the use of dynamic geometry software and spreadsheet calculation for solving mathematical problems [START_REF] Kmk | Bildungsstandards im Fach Mathematik für den Mittleren Schulabschluss[END_REF]. Nevertheless, the current delivery of comparative tests is still paper-and-pencil-based whereby a simple calculator is the only permitted auxiliary.

The TBA-Project

Identifying the discrepancy described above the German Institute for Educational quality improvement (IQB) in cooperation with the University of Münster investigated the feasibility of assessing mathematical competency including digital competencies relevant for mathematics by means of technology-based assessment (TBA). The use of TBA can affect many aspects such as the test system including multi-media environments, test construction and adaptive testing (Scheerens, Glas, & Thomas, 2003, pp. 98, 118). In our case, the primarily aim is to develop test items that exploit the potential of TBA. We focus on the development of innovative test items that are technology-based and do not just transfer paper-and-pencil tests into a TBA format. Thus, the focus is both on competencies that can be assessed better or even at all in a TBA format. The project was coordinated by the IQB and technically supported by the Leibniz Institute for Research and Information in Education (DIPF). Five task developers with teaching experience and expertise with the use of digital media developed maths problems and items, respectively. The task developers were also trained in using the item authoring tool ItemBuilder [START_REF] Rölke | The ItemBuilder: A Graphical Authoring System for Complex Item Development[END_REF] which enables them to create tasks in a TBA format from the start. Not only a wide spectrum of media but also automatic scoring [START_REF] Drijvers | Digital assessment of mathematics: Opportunities, issues and criteria[END_REF] was embedded. The item construction process partly followed the established one of creating paper-based items [START_REF] Rupp | National educational standards in Germany: Methodological challenges for developing and calibrating standards-based tests[END_REF].

Items with Technology

Assessment with and through technology [START_REF] Stacey | Technology and Assessment in Mathematics[END_REF]) should be combined. Analyzing the national educational standards, according to [START_REF] Brown | Computer Algebra Systems and Mathematics Examinations: A comparative study[END_REF] the following distinction was undertaken: competencies for which the TBA format is not necessary (which was not the focus of the project), competencies that can be assessed better in a TBA format than with paper-andpencil (e. g. because the situation can be described more authentically and clearly or the data can be presented better) and competencies which can only be assessed in a TBA format -such as "students draw and construct geometric figures using [...] dynamic geometry software" and "describe changes in quantities by means of functions, also using a spreadsheet software" (cf. KMK, 2004, p. 11,12). Overall, the digital media embedded into the tasks were dynamic geometry software, spreadsheets and an online calculator, which are digital tools rather specific to mathematics, and as more general digital media videos, audios and photos. The tasks were technically realized by the ItemBuilder [START_REF] Rölke | The ItemBuilder: A Graphical Authoring System for Complex Item Development[END_REF] and distributed online.

Pilot study

A selection of the innovative TBA items was subject to a trial in nine German schools in 2019 with assumed typical technical equipment. It has to be considered that German schools are equipped below the international average in terms of technology [START_REF] Fraillon | Preparing for life in a digital world: IEA International Computer and Information Literacy Study[END_REF]. Therefore, it was not surprising that some of the participating schools dropped out of the study due to insufficient internet connection. A total of nine schools (229 students) participated in the test. The testing time was 45 minutes. The pilot study aimed at investigating the extent to which the standards' competencies can be measured using digital media and incorporating a variety of digital tools presumably familiar to the students. Here, both the content and the technical aspects were taken into account. We also analyzed students' answers to dynamic geometry software items and categorized their solving processes according to different solution approaches. The following questions were addressed: (1) To what extent can students' competencies be technically captured using items with integrated digital tools? (2) Which categories of student solutions of a TBA task with integrated dynamic geometry software can be identified? To answer the first question, the students' answers were examined with regard to technical features. To answer the second question, all answers of one GeoGebra item were analyzed. In total 101 snapshots from the GeoGebra applet could be restored with a custom program written with Java. Within the framework of a qualitative analysis [START_REF] Mayring | Knowledge and Skills for Life. First Results from the OECD Programme for international Student Assessment[END_REF] categories were developed to describe the solutions.

Results

The tasks were suitable to assess various mathematical competencies including the use of digital tools specifically relevant to mathematics. Students were generally comfortable with the general online test interface (e. g. navigating to different pages, scrolling, typing into an input field). However, the students encountered also difficulties that can possibly affect the measurement of competencies, especially when using input fields for describing calculation methods and working with figures into a GeoGebra application. For example, entering rather simple formulas like a product term seems to be more difficult than in paper-and-pencil tests because not all operators (like the German multiplication sign ·) are available on the keyboard. When using provided GeoGebra constructions, it was apparently not clear to all students that they could also move the given figures [START_REF] Frenken | Evaluating Educational Standards using Assessment "with" and "through" Technology[END_REF]. Many students did not solve the GeoGebra item with by means of the actually expected specific construction (which would have been an angle bisector to measure the exact distance between two given points). They performed an approximate estimation of the distance. This leads to incorrect solutions in most cases because the correct point including a small area around it were not hit exactly (25%); only a few students succeeded in their approach to estimate the correct position of the point (7%). Many other solutions showed mathematical activity but the result was not correct (22%). At least 22% of the students solved the task correctly using the expected tools within GeoGebra to undertake a construction. Those solutions were also automatically scored as correct by the test system (Frenken, Libbrecht, Becker, & Greefrath, submitted).

Discussion

In principle, the innovative items developed within this project can be used to assess mathematical competencies including the use of digital tools. In order to avoid confounding variables due to problems of using TBA elements and to improve the test validity, a general toolbar should be added to input fields for inserting formulas and further instructions for embedded GeoGebra applications should be implemented, since the handling is apparently not always well-known or intuitive. Deeper insights into the possibilities of automatic coding and analyzing item solution processes were presented by the evaluation of the GeoGebra task. Here it became clear that some students did not choose the expected approach via a construction, but estimated the position of the point they were looking for relatively well. As a result, only a few answers were scored as correct and most as incorrect. Hence, it may be necessary to describe certain requirements for the construction in the task's instruction directly or to adjust the tolerance for correct solutions when coding, so that students rather use the same approach and are treated equally in scoring. Of course, these are only individual results of a small pilot study. However, it can be stated that special challenges arise through testing with technology due to the requirements of the testing environment in the school networks. Moreover, new task types are possible through testing with technology [START_REF] Stacey | Technology and Assessment in Mathematics[END_REF] which create new additional requirements for the item construction process compared to the established one [START_REF] Rupp | National educational standards in Germany: Methodological challenges for developing and calibrating standards-based tests[END_REF]. In general, however, we conclude that it is worthwhile to pursue the described implementation of a comprehensive TBA tool for the current educational standards in Germany.