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This study presents a method for constructing guiding principles for designing digital formative assessments (DFAs). It is part of a larger research that explores the efficiency of a digital formative assessment platform for elementary school geometry. Our goal in this study was to describe the design principles of effective and authentic DFA tasks informing teachers on various aspects of geometry learning aligned with the Israeli national curriculum for 5th grade. Using a design-based research approach, we formulated our essential components for DFA activities according to the research literature. Next, after carrying out the activities, we redesigned them and reformulated the design principles. We describe a three-cycle study following an "altitudes of a triangle" activity.

Introduction and theoretical background

A common view of the quality of mathematics education is that it depends on three interrelated components: curriculum, pedagogy, and assessment [START_REF] Millar | Using assessment materials to stimulate improvements in teaching and learning[END_REF]. Assessment, especially formative assessment, is of great importance [START_REF] Black | Working inside the black box: assessment for learning in the classroom[END_REF] because it helps realize the objectives of the curriculum by adapting teaching [START_REF] Millar | Using assessment materials to stimulate improvements in teaching and learning[END_REF]. Teaching in general, and teaching geometry in particular can benefit from formative assessment by making work easier for students and teachers [START_REF] Butler | Design for transformative practices[END_REF]. In recent years, teaching geometry has increasingly relied on the use of technology. By offering dynamic forms of mathematical representation of different concepts, dynamic geometry environments (DGEs) provide students with access to mathematical concepts they have not previously perceived. Digital formative assessment (DFA) identifies, classifies, and automatically analyzes student work. Combining DGEs with DFAs provides an environment that can assess the student's work in relation to understanding and use of mathematical concepts, in addition to technical skills. DFA also allows students to assess the strategies they use rather than the final result (Stacey & William, 2013). These affordances led us to suggest that assessment should reflect the mathematical practices in which students are involved; One form of DFA is the example-eliciting task (EET) [START_REF] Olsher | How might the use of technology in formative assessment support changes in mathematics teaching? For the Learning of Mathematics[END_REF]. Example-eliciting tasks prompt students to create examples of mathematical objects using interactive diagrams that enable dragging and constructing different mathematical objects in preset contexts (e. g., drag a point to construct the altitude of a triangle) This type of task involves student-centered assessment that can provide teachers and students with the characteristics of the work of each individual student [START_REF] Olsher | Te(a)Ching to collaborate: Automatic assessment-based grouping recommendations and implications for teaching[END_REF].

Recent studies suggest principles for the reliable design of digital assessment based on automatic analysis of objects and contexts that characterize submissions of student examples (e. g., [START_REF] Olsher | Te(a)Ching to collaborate: Automatic assessment-based grouping recommendations and implications for teaching[END_REF]. The proposed design principles for the assessment units in this study is based on EETs. DFA tasks should be authentic, assess students' skills and capabilities, and reflect what the students learn and practice (Stacey & William, 2013). Combining formative assessment with learning trajectories can improve the assessment process by assisting teachers in interpreting the evidence collected and influencing decision making, enhancing students' learning and teachers' teaching [START_REF] Confrey | Scaffolding learnercentered curricular coherence using learning maps and diagnostic assessments designed around mathematics learning trajectories[END_REF][START_REF] Ebby | Using learning trajectories to elicit, interpret, and respond to student thinking[END_REF]. As premised by the Israeli curriculum, as by other curricula around the world, learning is an ongoing and cumulative process that includes an understanding of each new concept. Concepts are studied, expanded, and deepened. Evaluation of students must be related to the thought processes and methods used to solve the problem, not only to the final products (Ministry of Education, 2006). Clements and Sarama found positive longitudinal effects on student learning of curriculum developed around learning trajectories [START_REF] Clements | Learning and teaching early math: The learning trajectories approach[END_REF]. In the present study, we explored the design principles of DFA activities in geometry that align with the Israeli national curriculum learning trajectories.

Methodology

This study was part of a larger research that explores the efficiency of a DFA platform for elementary school geometry. Our goal in this report was to describe the development of design principles effective DFA informing teachers on various aspects of geometry learning aligned with a curriculum. To achieve this goal, we describe general design principles for DFA tasks in the STEP-MFA1 system on topics in geometry that are suitable for the study units in the Israeli national curriculum for the 5th grade, answering the research question: How to develop design principles of a digital assessment in elementary school geometry that is suitable for study units in the Israeli curriculum?

Research settings

Design research is a crucial part of the development of innovative learning materials based on testing all elements related to learning by iterative cycles [START_REF] Bakker | Design research in education: A practical guide for early career researchers[END_REF]. To explore the design principles of a curriculum-based DFA unit and to answer the research question, we conducted design-based research focusing on the design process of a first DFA unit for the topic of altitudes of a triangle. The curriculumbased DFA tasks were designed to assess various aspects of the student's submission in the STEP-MFA.

Population

To clarify and consolidate the design principles, in all the phases we presented the designed activities and consulted with three groups: (a) Mathematics Education Research and Innovation Center (MERI) team that included graduate students, postdoctoral fellows, content developers, and researchers; (b) fellows guides from the National Center for Elementary Teachers of Mathematics (NCETM); and (c) three experienced mathematics teachers. The assessments were implemented in three classes, in different schools in Northern Israel, with a total of about 90 5th-grade students.

Research tools

To formulate the design principles and incorporate the preferences of the teachers for the types of tasks and their suitability for the students, we used questionnaires, class observations, teacher interviews, and a DFA unit designed in the STEP-MFA system. The triangle altitude assessment unit included five activities. Each activity was aligned with a subtopic, as specified in the curriculum, and included three tasks, for example, an activity about the altitudes of an obtuse triangle, as shown in Figure 1. The first task shows three instances of the same obtuse triangle. In each instance, the student is asked to drag the bold vertex to construct an altitude from that vertex, and to submit. The triangles are static, and the students can drag only the bold vertex (Figure 1a). In the second task (Figure 1b), students are asked to construct three different examples of obtuse triangles and their altitudes. In this task, a dynamic triangle appears with draggable vertices. Students can drag the points to create obtuse triangles of their choice and are asked to submit 3 examples and to construct an altitude for each Figure 1b. In the third task (Figure 1c), students are asked to specify how many altitudes can be constructed outside the static obtuse triangle, and to construct them. On the left side of each task, students have an option to select and to use any utility, such as the option to display a side continuation or a right-angled triangle ruler. 

Data sources

Data for this report consist of 5th-grade Israeli curriculum textbooks, research literature on the selected topics, comments by members of our research team and fellows from NCETM, completed questionnaires and interviews with three mathematics teachers, and field notes the first author took during the process.

Results

The design process included two phases; each one has three steps. The first one was the preparatory phase that included three steps related to the teaching of the selected topic in the classroom: (a) mapping topics of the Israeli curriculum; (b) literature review on teaching and learning the topics; (c) analysis of textbooks. The second phase was the design and implementation phase: (a) choosing a pattern of tasks and reports in the STEP-MFA system; (b) designing the initial unit; (c) implementing the tasks in professional groups and students. Figure 2 depicts the design process. Each rectangle represents a phase, showing the sub-phases (steps). The insights and principles transmitted from one phase to another are depicted by arrows. In these phases, we brainstormed, presented, implemented, and consulted about the designed activities with MERI team and fellows guides from (NCETM). In this section we describe in detail the two design phases that we mentioned in a previous section. For each phase there are three steps, we explain and demonstrate the design principles that we developed.

For each design phase and step we outline the rationale for this step and demonstrate how we executed it. Each topic in the curriculum (e.g., triangle altitudes) consists of several aspects (subtopics) (e.g., perpendicular lines, etc.), and each assessment activity consists of several assessment tasks. The topics are arranged in sequential order, aligned with the teaching of the related subtopics.

First phase: Preparation

The teaching of geometry in elementary schools in Israel is based on resources that are reflected in the teaching process (e.g., curriculum and textbooks, etc.) for the assessment to be authentic, it is worthwhile to analyze these resources. The first phase main goal was to create authentic assessment of what student learns, authentic means that the assessment will assess the relevant skills that are expected from students.

The first phase was a preparatory one and it included three main steps. We selected our first topic. The goals of this phase were to select a topic from the curriculum, design the tasks that involve skills within the focus of the textbook, estimate time for each task, and distribute the assessment activities according to the curriculum.

Step 1: Mapping aspects of the Israeli curriculum. In Israel, the mathematics curriculum for elementary schools is defined by the Ministry of Education and it is the source of mathematics and geometry teaching throughout the country, for teachers, instructors and textbook developers. In order that the DFA units will be aligned with the objectives of the curriculum, we mapped the curriculum objectives. In this step, we gained knowledge about how the selected topic is being taught and what is the desired time allocation for teaching it. This affected the length of the assessment unit. We also learned the aspects of selected topics, to distribute assessment activities accordingly. Finally, we determined the design principles of mapping the national curriculum: (a) deconstructing learning trajectory into topics, recommended number of teaching hours, and highlighted aspects; (b) dividing aspects of the curriculum into main assessment activity topics; (c) choosing a topic that is rich and complex but also basic from the point of view of the learning trajectory (one of the first topics in the sequence). After mapping all aspects related to the relevant topics according to the Israeli curriculum, we identified five main topics that comprise the 5th-grade geometry curriculum: perpendicular lines and segments, the altitude of a triangle, and the area of a rectangle, triangle, and parallelogram.

Example: Aspects of the altitude of the triangle analyzed based on the curriculum. By definition, the concept of altitude includes that of perpendicular lines. In the 5th grade, students become familiar with the concept of altitude, which is divided into six aspects: (a) the definition of altitude includes the concept of perpendicular lines, which must therefore be repeated before teaching the concept of altitude; (b) students will be engaged in the construction of altitudes in parallelograms and triangles and in their identification; in these activities, they will pay attention to the components of the concept of altitude: vertex, opposite side, etc.; (c) students will see that the triangle has three altitudes; (d) in a right triangle, two altitudes converge with the side; (e) in an obtuse triangle, two altitudes are outside the triangle; (f) time permitting, altitude in the trapezoid can be taught (Ministry of Education, 2006, p. 113).

Step 2: Literature review of the topics. Elementary school geometry topics have been extensively studied in the research literature. In order that the DFA units to be research-based we determined the characteristics that need to be assessed in the students' submissions. We conducted a review of common conceptions and misconceptions regarding the selected topic and used this review to design the characteristics of the students' submissions.

Example: Misconceptions about the altitude in a triangle. Students tend to associate the concept of triangle altitude with other concepts or segments of the triangle confusing the altitude with the median [START_REF] Hershkowitz | The acquisition of concepts and misconceptions in basic geometry -or when "a little learning is dangerous thing[END_REF]. We called this misconception the median characteristic, and we checked whether students constructed consistently a median when asked to construct an altitude.

Step 3: Textbook analysis. Almost all elementary school mathematics teachers in Israel rely on textbooks to teach arithmetic and geometry. All textbooks must be developed according to the national curriculum document and approved by the Ministry of Education, but there are differences between the textbooks (e.g., types of exercises and their order etc.). In order that the DFA units will be aligned to the students regardless of the textbook, we analyzed three textbooks to map the distribution of tasks and skills related to the topics. In this step, we investigated the types of exercises and examples that students are exposed to in textbooks. This ensured that the tasks of the assessment units were aligned with the textbooks and that the characteristics of the students' submissions were formulated in a way that was related to what was being emphasized in the textbooks.

Example: Topics in textbooks. We analyzed the relevant chapters in three textbooks approved by the Ministry of Education, intended for the study of geometry in the 5th grade. We divided all the exercises and activities in the textbooks that were related to aspects analyzed in the curriculum into two categories: identification tasks and drawing tasks.

Second phase: Design and implementation of the first assessment unit on the digital platform

The design process includes development, implementation, and improvement (redesign). After the first phase we know what needs to be assessed. In this phase we design and implement the tasks in a specific platform, and in order that DFA tasks will be adapted to students and subjects, we need to learn the possibilities that the platform allows and implement the tasks in different groups (NCETM, MERI, Classrooms). The goal of the second phase was to design age-and topic-relevant assessment tasks. It included three steps:

Step 1: Selecting the task design pattern and system reports. We used the STEP-MFA system in this study. In order to capitalize on the platform's abilities, after analyzing the different task patterns and reports available, we chose the task design patterns, and the system reports that may be suitable for 5thgrade students. We aimed for a diversity of construction tasks with varying levels of difficulty that would provide collective information about the class and each student separately.

Example: The STEP-MFA system provides EETs based on design patterns for assessment tasks [START_REF] Olsher | Te(a)Ching to collaborate: Automatic assessment-based grouping recommendations and implications for teaching[END_REF]. The chosen patterns were: (1) Exemplify existence: based on this pattern, we designed two types of tasks in which we asked students to (a) construct three different examples of specifically characterized dynamic shapes, or (b) construct one example of a static shape;

(2) Generalize: refer to a mathematical object created by a set of examples in the task, we asked students to give a large (>10) set of examples pointing to a general rule; and (3) Multiple-choice: showing a definition or figure and asking students to choose the correct claims. system provides two types of reports: for students, and for teachers (on both a single student and the entire class levels). The reports intended for students communicate information about the mathematical characteristics of the submission, including information about correctness and additional characteristics. The reports intended for teachers consist of four types of information: table, grid, histogram, and Venn diagrams [START_REF] Olsher | How might the use of technology in formative assessment support changes in mathematics teaching? For the Learning of Mathematics[END_REF]. We investigated the use of these types of information and their effectiveness in interviews with teachers.

Step 2: Initial unit design. After outlining the patterns for assessment tasks in the previous step, and relying on the decisions from the previous phase, we designed the first DFA unit related to the selected topic. Each activity belonged to an aspect of the topic as it appeared in the curriculum, and it consisted of three tasks (in most cases) of different types and levels of difficulty. For each task, we produced student and teacher reports.

Example: In the triangle altitude assessment unit, the curriculum lists five aspects of this topic, therefore we designed five activities, each one containing approximately three tasks. Examples of tasks are: (a) construct 10 or more examples to scaffold generalizing, (b) construct three different examples, to demonstrate and distinguish between several states of dynamic shapes, (c) construct one example to demonstrate existence. Figure 1 illustrates the tasks in one of the activities in this unit.

Step 3: Implementation of activities and redesign. The design process includes implementation and improvement (redesign), and in order to allow feedback and improvement to the DFA tasks, we implemented the DFA tasks within three different expert groups, MERI group specializing in the STEP-MFA, NCETM group specializing in elementary mathematics, and teacher groups specializing in the interaction between tasks and students, in the following we present examples of the contributions of each group. The third step consisted of the implementation of the assessment unit in the classroom. The goals of this step were to learn from the interaction of students with the assessment activities, and to explore teachers' usage and preferences. The insights gained will be implemented in developing additional assessment units for different topics. Other insights and principles that influenced the redesign of the tasks and recommendations for setting additional standards for their implementation were: (a) studying the teaching context: was the time planned the same as the time actually spent in the classroom on the topic? (b) performing the tasks after teaching each aspect (as opposed to all together, as a summative assessment after finishing the topic); (c) designing an initial practice task for students before the assessment tasks; and (d) increasing the use of tasks with three submissions.

Example: In this step, we conducted several cycles of review with MERI group, and with NCETM fellows and teachers. The main insights we gained from this review included: MERI and teachersreducing the number of characteristics of the students' submissions presented in the report; NCETMcorrecting the annotations of the shapes as they appear in the curriculum and textbooks (e.g., labeling edges with small letters and vertices with capitals) and designing a non-prototypical initial state of a dynamic figure (e.g., tilted rather than horizontal); teachers -adding applet utilities according to task context and enabling personal reports for students and designing information for teacher's reports. Nine teachers used the first assessment unit in their 5th-grade classrooms in different schools. During the experiment, we recorded all the comments and questions that arose from the teachers and students. Following the enactment in the classroom and after the students submitted all the tasks, we interviewed the teachers about their insights and the students' submissions.

Discussion

In this report, we recommend two steps as principles for designing DFA units, we described researchbased design principles for a DFA unit in elementary geometry. We designed an assessment unit based on curriculum learning trajectories to improve the assessment process. This unit was intended to assist teachers in interpreting the evidence collected and influence their decisions in the classroom about the teaching of the topic, to enhance the efficiency of learning and teaching [START_REF] Clements | Learning and teaching early math: The learning trajectories approach[END_REF][START_REF] Confrey | Scaffolding learnercentered curricular coherence using learning maps and diagnostic assessments designed around mathematics learning trajectories[END_REF][START_REF] Ebby | Using learning trajectories to elicit, interpret, and respond to student thinking[END_REF]. In the design principles, we proposed activities appropriate for the topics that appear in the curriculum (with respect to their timing and the order of topics). The implementation of the assessments in the classroom is designed as an ongoing process, carried out after teaching each aspect (subtopic), and providing a comprehensive analysis of student work after the completion of the entire topic. This design principle is aligned with the notion of a learning trajectory based on a sequence of activities that are suitable and developmentally effective [START_REF] Clements | Learning and teaching early math: The learning trajectories approach[END_REF]. In the design principles of our assessment units, we emphasized the importance of alignment between teaching and assessing student work, so that the assessment is authentic and represents the knowledge of the mathematical topic and not the students' testing skills (Stacey & William, 2013). Our starting point was the curriculum, therefore we proposed the following steps: analysis of the topics in the curriculum (the sequence in which topics should be taught and the time allocated for each topic), analysis of textbooks (quantity and types of exercises), analysis of the topics in the research literature (perceptions, common misconceptions, and errors), sorting and categorizing students' work by perceptions, misconceptions, and common errors, choosing a suitable digital environment and design patterns that are suitable for assessment, choosing what activities to design, and finally, consulting with experts and experimenting in classrooms.
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 1 Figure 1: 3 tasks of the obtuse triangle altitude activity: (a) construct altitudes from the marked vertex; (b) construct three different examples of obtuse triangle and their altitudes; (c) how many altitudes are outside the triangle?
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 2 Figure 2. Assessment design process

The STEP-MFA environment is being developed at the University of Haifa, led by Prof. Michal Yerushalmy and Dr. Shai Olsher. For more information, visit https://step.haifa.ac.il/english/.