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Theoretical Background

Understanding the concept of units is one of the fundamental areas of mathematics (NTCM, 2000) and is required in many related fields, such as other STEM subjects. In addition, units of measurement are used in many activities of daily living, including applying the conversion of units of measurement, as in cooking or interior design. To counteract excessive demands when introducing measurement and using units of measurement, elementary school students are limited to units of length at the beginning before discussing weights or volume, for example. Units of length offer the advantage over other units of measurement that can be visualized, for instance, with the aid of a measuring instrument such as a ruler or tape measure. Lines for the respective units are displayed at constant intervals on the ruler, which can be used to read off the appropriate result. This is often a procedural process for the students, as the children know the process and can reproduce it, for example, to obtain a measurement result by reading it off. However, the concept behind measurement and the accompanying construction of units is not understood in depth. This conceptual understanding, however, is essential for a comprehensive understanding of the structure of other units of measurement that cannot be visualized. Consequently, even the conversion of units of measurement is often not sufficiently successful, according to [START_REF] Lassnitzer | Größen: Messen-Schätzen-Umwandeln [Sizes: Measure-Estimate-Convert[END_REF]. In international studies (e.g., [START_REF] Cebesoy | 7th Grade Students' Mathematical Difficulties in Force and Motion Unit[END_REF] of the secondary classes, the arbitrary use of units becomes increasingly apparent in subjects such as physics. In elementary school, the first foundation is laid for a profound understanding. Different concepts are used in school to explain the relationship between the numerical value and unit of measurement to students. Classical school lessons usually teach this by measuring with non-standardized units of length, such as body measurements. These are to be measured one after the other to obtain a result based on the respective number of the measured unit. Despite this approach, it is known that students often fail to transfer to standardized units of measure extensively. Another problem is that tasks in German mathematic textbooks on length measurement primarily focus on procedural knowledge, i.e., the procedure as shown, but neglect the concept behind the measuring process (e.g., [START_REF] Ruwisch | Length measurement in the textbooks of German and Taiwanese primary students[END_REF]. However, this is particularly important not only to be able to read a result but to understand the structure of units, which in turn is also fundamental for understanding how to convert units. In this context, digital media that use Augmented Reality (AR) technology can be used for another approach to conceptual understanding by measuring with a virtual tape measure objects in the real world. AR allows displayed units on a virtual tape measure to fade in and out individually, thus visualizing the relationship between numerical value and unit of measurement.

Design of the Augmented Reality App

For this purpose, the poster presents a developed prototype of an open source AR app that uses the camera function of a tablet or smartphone to select a starting point for the measurement in the real world. Then, a virtual tape measure is created using a drag and drop function so that standardized metric length units are faded in one by one as they expand. Based on Drake's (2014) recommendation, millimeters fade in first, and only when the tenth millimeter is reached will the visualization switch to a centimeter. This dynamic fading in of the units is maintained for the measuring process and is currently realized in the AR app by selecting the individual unit of measurement. After the measuring process has been completed with the endpoint selection, the entire measured distance can be viewed on the tablet and the desired unit of measurement can also be visualized. We made sure that the measurement result is not directly displayed to counteract a simple read-off. Many other AR measuring instruments on the market only show the measurement result. They thus do not provide any insight into the measurement process or the origin of the measurement result [START_REF] Müller | Von den Ellenstäben hin zu Augmented Reality: Vergangenheit, Gegenwart[END_REF]. To determine the measurement result, students have to read off the units as with a physical measuring instrument, but here the unit of measurement can be selected and displayed individually. This is not possible with a physical measuring instrument. Care is taken to ensure that quasisimultaneous recording is also supported here, e. g. by making the lines of the units slightly longer or mark them in steps of five or ten at the corresponding line, as is the case with a physical ruler. Thus, the goal is to see the app not only as a digital tool but also as a virtual work tool that must be integrated into a learning environment with appropriate tasks. In the sense of Design Science Research, the app will be tested with students for functionality and its limitations. The aim of the poster is to present the protype of the AR app based on design principles of the mathematical theoretical background. In the following, the developed learning environment with different tasks for unit conversion will be tested with students using the app to find out how their understanding of the unit concept is changing.