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Reflections on item characteristics of non-routine items in diagnostic digital assessment
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This article reflects on the construction of a digital diagnostic test for middle school in the Netherlands. During construction there was a constant struggle between testing higher order skills, concrete description of curriculum goals on the one hand, and the limited possibilities of the digital test environment on the other hand. Four item characteristics emerged that helped constructing non-routine items while managing with this challenge.

Introduction

Task design plays an important role in mathematics education (e.g. Kieran, Doorman & Otani, 2015). In digital assessment, task design is complicated because task design requires time and keeping up with the newest developments [START_REF] Venturini | Designing assessment tasks in a dynamic geometry environment[END_REF] while digital tools are constantly changing and being developed. Although there are strong arguments in favor of digital assessment [START_REF] Stacey | Technology and assessment in mathematics[END_REF], significant challenges remain such as scoring higher order thinking skills and partial credit scoring (e.g., [START_REF] Sangwin | Micro-level Automatic Assessment Supported by Digital Technologies[END_REF].

This article aims to contribute to the exemplification of how non-routine tasks can be constructed in a digital environment by reflecting on the construction of a national diagnostic test for middle school. Note that being non-routine depends on students' prior knowledge and proficiency. The diagnostic test aims to address key mathematical ideas that are important in the curriculum. The detailed goals and the automatic scoring of the test resulted in struggles between specific curriculum goals, the key mathematical ideas and the (limited) possibilities of a digital environment. During the construction process, four item characteristics emerged to overcome these challenges. The central question that is addressed in this article is how to design non-routine items in a digital test environment. Although the problems we met were neither new nor original, in our view, the context in which they took place was, because the test was meant for all students in Dutch education, had to serve diagnostic purpose and should enable automatic scoring. During the development of the test, the construction process evolved from a fuzzy and rather undirected process to a much more goal oriented and efficient process of creating non-routine items. Our reflection therefore aims to provide insight into how to construct non-routine items in a digital environment.

Dutch educational test

The Diagnostic Educational Test (DET) was an initiative of the Dutch ministry of Education. It was administered at the end of middle school: grade 8 in vocational education and grade 9 in senior general higher education and pre university education. Its aim was to provide insight to students, parents, teachers and schools into how well prepared students are for upper secondary education. The national assessment authority (NAA) formulated several requirements for the DET. The test was to be taken on a computer. Technology should enable students to do mathematics interactively. Students were to use a digital test player environment and the scoring was to be automatic. This implies that the DET is an assessment with technology as well as through technology [START_REF] Stacey | Technology and assessment in mathematics[END_REF].

For the construction of the items the digital environment Questify developed by the National Institute for Test Development (Cito) was used. Questify has several item templates such as numerical answers, drag and drop, and multiple choice. During the construction of test items, a template using GeoGebra and the Digital Mathematics Environment [START_REF] Drijvers | The teacher and the tool: Instrumental orchestrations in the technology-rich mathematics classroom[END_REF] was added to these standard templates, in order to enable students to draw lines and figures. In school, students use a digital test player, developed by the NAA, that enables students to enter mathematical symbols such as square roots, powers, fractions, and formulas. See Figure 1. Each digital environment puts a demand on students' digital skills. In order to minimize the effects of this demand, we limited the number of buttons in the formula window and in Geogebra to a minimum. The automatic scoring uses an intelligent open source computer algebra system Maxima, that is able to recognize equivalent expressions and can deal with dependency in answers. The digital environment also makes it possible to add adaptivity to the test. In this way, students are presented with items that fit their level of expertise.

The test had to be based on curriculum goals described by the Dutch Institute for Curriculum Development. These goals encompass a domain on reasoning and reflecting as well as the mathematical domains numbers and variables, ratio, measurement and geometry, relations, and information management and statistics. For practical reasons, the examples below are restricted to one domain: geometry. However, our findings hold for the other four domains as well. The diagnostic framework consisted of a matrix combining the mathematical domains with didactic competences: seeing mathematical structure, having a proceptual view, seeing intertwinement. Since this framework was not confirmed by psychometrical analysis, we will not discuss it in depth in this paper. Within these conditions, Cito developed the DET. Items were constructed by groups of mathematics teachers, the so called construction groups. They based their items on the diagnostic framework, the curriculum goals and the test advise commission. The items were then discussed with Cito test experts and screened by fellow test experts. During the next step, the test experts discussed the items with an expert panel of the national assessment authority. Approved items were then included in a pretest among students (age 14-15 years). The results of items in the pretest were interpreted by the test experts and again discussed with the NAA. This eventually led to a final version of the item. During the construction we were confronted with several conflicting interests. Below, we discuss the challenges we felt between higher order goals, the detailed specified curriculum goals, and the limited possibilities of the digital test environment.

Challenges in the construction of non-routine problems

The first challenge was the ambition to focus on key conceptual ideas, while relating each test item to detailed specified curriculum goals. The focus on conceptual ideas was complicated because students had to have an overview of mathematical topics taught in several years in the test without preparing themselves specifically for the test. An additional purpose of the test was to provide insight in how well prepared students were for upper secondary education. These considerations led to the requirement to focus on key mathematical ideas and activities that are important in the ongoing curriculum (CvTE, 2014) without losing the connection to common educational practice. This focus put the construction under pressure: on the one hand, the focus is on key conceptual understandings students should master before going to upper secondary school, while on the other hand, each item in the test had to relate to detailed specified curriculum goals.

Another challenge between conceptual activities such as reasoning, and the limitations of the automatic scoring module to evaluate students' answers became apparent. Mathematics education in The Netherlands is influenced by the theory of Realistic Mathematics Education and Freudenthal's view on mathematics as a 'human activity' (e.g. [START_REF] Freudenthal | Why to teach mathematics so as to be useful[END_REF][START_REF] Freudenthal | Mathematics as an Educational Task[END_REF][START_REF] Gravemeijer | Developing Realistic Mathematics Education[END_REF]. Recently, the cTWO (Dutch Committee for the future of mathematics education) stressed the importance of so-called 'mathematical thinking activities' such as reasoning, interpreting, organizing, structuring, manipulating (cTWO, 2007). The challenge was to construct items in a digital environment that focuses on conceptual goals and at the same time do justice to the idea of mathematics as a human activity. The prerequisite for automatic scoring is at odds with activities such as proving, reasoning and explaining because automatically evaluating these kinds of answers is technologically complicated [START_REF] Drijvers | Uses of technology in lower secondary mathematics education; A concise topical survey[END_REF]. However, the focus on conceptual goals stresses the importance of including these kinds of activities.

In the following section we will discuss two examples to illustrate the way we managed these challenges. For practical reasons, these examples are restricted to the domain geometry.

Examples of geometry items of DET

One of the curriculum goals is that students are able to calculate the area and circumference of a triangle [START_REF] Slo | Advies tussendoelen kernvakken onderbouw[END_REF]). An item that fits this specific goal on a procedural level of understanding is to calculate the area of a triangle given its base and height. Students have to recall the formula 'area of a triangle = 1/2 × base × height' and substitute the base and height to find the answer. However, this kind of question does not meet the idea of key conceptual understanding we were looking for.

Students should be able to understand the formula from a conceptual point of view. A way to show this understanding is to draw a rectangle around the triangle. The rectangle clearly shows that the area of the triangle is half the area of the rectangle.

In our view, to understand the formula in terms of variables and the relations between them is of an even higher conceptual level. For example, triangles with the same base and height have the same area. Or triangles that have equal products of base and height, have the same area. In the ongoing curriculum, this is the level that indicates understanding of the formula for the area of a triangle. The item in Figure 3 illustrates this way of thinking. Two triangles are given with an equal base. The heights of the triangles is equal, but not specified. The question is to compare the areas of both triangles and to conclude whether the area of triangle I is greater than, equal to or smaller than the area of triangle II, or that the information is not sufficient to compare both areas. To answer this question, students should understand that the areas of both triangles are equal given equal base and equal, but unknown, height.

In our view, this item addresses both aspects of the first challenge: a detailed specified curriculum goal (compute the area of a triangle) and a key mathematical concept (reason about the formula). With respect to the second struggle between reasoning and the digital possibilities, we had to compromise. Clearly, the multiple-choice template leaves no room for creativity or for multiple correct answers. There is room, however, for multiple strategies because students can for example estimate the height and calculate the area in the way they are used to. The second example is also about calculating area. Figure 4 shows an item for senior general education and pre-university students in grade 9. A curriculum goal for these students is to be able to calculate the perimeter and the area of triangles, squares, rectangles and circles, and from simple figures that are built of these figures (SLO, 2012). The item in Figure 4 asks students to construct a kite with given area. In the GeoGebra figure in the test player environment, the points A and C are fixed, so students are not able to drag these points. Neither can the dashed line segment AC be moved. The points B and D can be grabbed and moved along the grid. The line segments AB, BC, CD and AD move along while dragging points B and D. The purpose is to move points B and D in such a way that the quadrangle becomes a kite with area 12. In the automatic scoring module, a Boolean variable was defined for the position of points B and D. This Boolean combined three conditions for the position of B and D. First, the distance between those points has to be 4. Second, BD has to be perpendicular to AC because in a kite the diagonals are perpendicular. Third, the middle of BD has to be on the horizontal line through A and C, or B and D lie on the perpendicular bisector of AC. The latter two cases are due to whether AC or BD is the axis of symmetry. The only button students have at their disposal is the button with the arrow in the upper left corner. As a consequence, the only thing students can do is grab point B or D and drag it.

The struggle between the detailed goal and key mathematical understanding in this item is addressed by leaving room for different approaches and different correct answers. Students do not have to start from scratch and do not have to create anything new. Instead, they start with a given situation that has to be changed. In this way, they adjust the situation within the scope of the GeoGebra environment. Usually, in routine textbook items, the figure is given and the question is to calculate the area. In this item, one diagonal is given and the question is to construct a quadrilateral with given properties. Because of the many different correct answers, students have to show a certain amount of boldness in making choices and to consider which characteristics contribute in which way to the area.

In our view, with respect to the struggle between reasoning and the digital opportunities, the item in Figure 4 is a fine example of finding a balance between the use of digital opportunities and the ability to construct and to create.

Item characteristics

The examples above illustrate how the DET managed the challenges we mentioned. We want to emphasize that good functioning items have to meet other requirements as well as managing the challenges. The diagnostic character of the test should provide insight in where the learner is right now [START_REF] Black | Developing the theory of formative assessment[END_REF] and perhaps give suggestions on how to improve. From a psychometrical point of view, features of items such as validity, reliability, duration, etc. are of importance. Constructing a high quality test requires both psychometrical and didactical expertise.

In this article we will not elaborate on diagnostic or psychometrical properties, but focus on the content in relation to the digital test environment. During the five-year period of item construction (2012-2017) the following four item characteristics emerged as helpful in constructing non-routine problems.

Key mathematical concept

The detailed specified curriculum goals can be interpreted in a conceptual way. The curriculum of grade 7 to grade 9 contains many procedures students have to learn. Examples are expanding brackets, solving linear and quadratic equations. To come to grips on key mathematical concepts, we used [START_REF] Sfard | On the dual nature of mathematical conceptions: Reflections on processes and objects as different sides of the same coin[END_REF] notion of operational and structural conceptions and shifted the focus from procedures to the math behind these procedures. In the first example the focus shifts from calculating the area of a triangle with given base and height to reasoning about the formula of the area of a triangle.

Creativity

The next step was to look for activities in the digital environment that match the key mathematical concept. The limited item templates and the limited possibilities of the automatic scoring module asked for creativity in the construction. We wanted students to construct, to invent, to draw, to create, instead of just following a standard procedure so that we could do justice to the idea of mathematics as a human activity (cTWO, 2007).

In the beginning, we only had regular item templates such as short answer, multiple choice and drag and drop. One strategy we used to create non-routine problems was for example instead of asking to calculate, ask how to calculate by showing different calculations. Another strategy was to present different steps in order to work out a solution to a problem and ask students to put these steps in the right order. We admit that the multiple-choice item in the first example above leaves no room for creativity. However, in the second example of the kite with area 12, students have to create their own kite and have to show a certain amount of boldness to use the construction space.

Multiple strategies

In the ongoing curriculum, the ability to solve problems is valued higher than solving problems in specific ways. Therefore, we wanted items that allow for multiple strategies. In the first example students can reason or pick a number for the height to calculate the area, depending on their level of expertise. In the second example, students can make it easier or harder depending on where they drag and drop the points. The freedom to choose their own strategy matches the ideas of the aforementioned characteristics.

Multiple correct answers

In our view, the best items were items that allowed for multiple (or even infinite) correct answers, because obviously, calculating is not the most important part of these items. The first example above is multiple choice, so it has only one correct answer. In the second example however, many different answers yield a kite with area 12. To have this characteristic, items should challenge students to make a choice. Clearly, the possibility to regard different answers as correct puts heavy demands on the digital environment.

Summarizing, based on these item characteristics, we developed the following approach to efficiently construct non-routine items. Start with a detailed specified curriculum goal (e.g. 'the student can calculate the area of a triangle'). Unravel this specific goal into the key underlying mathematical concept (e.g. understand the formula 1/2 × base × height in terms of variables and the relations between them). Determine activities in the digital environment that address this key mathematical concept (e.g. arranging, categorizing, dragging and dropping, etc.). Quite often, it turned out that items constructed this way allowed for multiple strategies and multiple correct answers.

Concluding remarks

Digital assessment has many opportunities. For example, [START_REF] Drijvers | Uses of technology in lower secondary mathematics education; A concise topical survey[END_REF] argue that the benefit of digital testing is that it can challenge teaching practices that mainly focus on procedures and promote incorporating mathematical understanding. The diagnostic test developed by Cito in The Netherlands focused on non-routine tasks that appealed to key mathematical concepts. Based on our experiences in the DET with the construction of non-routine items, we extracted four item characteristics that helped us to come to grips on challenges with the limited possibilities of the digital environment the goals of the test. These four characteristics are: focus on key mathematical concepts, ask for creativity, allow for multiple strategies, and allow for multiple correct answers.

Although the examples in this article are only from the domain of geometry, our experience is that these item characteristics worked in the domains of numbers and variables, ratio, relations and information management and statistics as well. Furthermore, the characteristics are applicable not only for middle school. We believe that anyone who wants to construct non routine items in a digital test will face the challenge with the technological limitations and as a consequence might benefit from the heuristics described above.

Design principles often are tailored to specific topics or to specific activities (e.g. [START_REF] Kieran | Frameworks and principles for task design[END_REF]. Our characteristics cover five domains and all kind of activities and emanate from practical experience on national level. This generalization over topics and activities is valuable, but asks for more theoretical underpinning. The problems we described illustrate that digital diagnostic assessment is still in an early stage. Fortunately, technological resources for mathematics education and assessment are growing rapidly, so hopefully these problems will be resolved in the near future.
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 2 Figure 2: Overview of the construction process of items in DET Figure 2 provides an overview of this chain. The discussions in the construction groups, among test experts and in the expert panel, combined with psychometrical information on the pretest led, through a repetitive process of continuous reflection, adaptation and revision, to a feasible approach.
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 34 Figure 3: Multiple-choice item from the DET in the domain of geometry for vocational education students grade 9
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