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Spatial reasoning is a key ability in science, technology, engineering and mathematics (STEM) courses. Creating and interpreting sequential instructions for educational robots has shown promise for young learners to develop this ability. This paper aims to build on our understanding of spatial ability in educational robot programming with how young learners use a standardized language to communicate their reasoning in robot path-tasks. Data to analyze young learners use of arrow tiles in robot path-tasks came from interviews with 22 young learners solving a series of 12 unplugged tasks. The analysis resulted in three different uses, Tool-oriented, Agent-oriented and Path-oriented use of the arrow tiles. Tool-and Agent-oriented use were both successful in terms of solving tasks, but Path-oriented use elicited difficulties in interpreting turn commands and solving each task. The different types of use could have potential in designing instruction for young learners.

Introduction

Spatial ability, the capacity to process images for spatial relations between objects, is important in science, technology, engineering and mathematics (STEM) courses [START_REF] Khine | Spatial Cognition: Key to STEM Success[END_REF]. Solving problems within the STEM-field often requires one to understand the spatial relations among objects and how they can be manipulated. This reasoning can be improved by training, and targeted spatial training lead to STEM achievement [START_REF] Stieff | How Much Can Spatial Training Improve STEM Achievement?[END_REF]. Training can include visualising 3d-objects from different perspectives and the orthographic projections they produce in higher education. For younger learners it could entail rotation of 2d-objects such as geometric shapes and symbols. The connection between spatial ability and young learners' mathematics development [START_REF] Cheng | Spatial Training Improves Children's Mathematics Ability[END_REF] makes it an interesting area for STEM education research in general and mathematics education in particular.

An area which intersect STEM education with learning mathematics and spatial reasoning is creating instructions for educational robots [START_REF] Shumway | Kindergarten students' mathematics knowledge at work: the mathematics for programming robot toys[END_REF]. It requires problem solving that involves technology, mathematics, and sometime engineering knowledge. Young learners develop understanding of angles, distances and geometric shapes when creating instructions to program a robot to navigate in a room (e.g. [START_REF] Bartolini Bussi | Geometry in early years: sowing seeds for a mathematical definition of squares and rectangles[END_REF][START_REF] Shumway | Kindergarten students' mathematics knowledge at work: the mathematics for programming robot toys[END_REF]. To create a square, students must instruct the robot to move a set distance and turn 90 degrees in the same orientation in each corner. Spatial reasoning is an important aspect of sequential instructions for robots and can be a challenge for young learners [START_REF] Clarke-Midura | Developing a kindergarten computational thinking assessment using evidence-centered design: the case of algorithmic thinking[END_REF]. Bartolini [START_REF] Bartolini Bussi | Geometry in early years: sowing seeds for a mathematical definition of squares and rectangles[END_REF] show how young learners develop their communication of sequential instructions for robots with drawings and shared vocabulary. However, the robots receive their instructions through a standardized language, often symbolic signs such as arrows that corresponds with the robot's movements. This paper aims to build on our understanding of spatial ability in educational robot programming with how young learners use a standardized language to communicate their reasoning behind sequential instructions in robot path-tasks. It leads to the research question How does young learners use symbolic signs to communicate sequential instructions in robot path-tasks?

Previous research

Spatial reasoning is not one thing, but rather a potential for reasoning within a complex of multiple aspects. It entails locating, orienting, de/recomposing, shifting dimensions, balancing, diagramming, symmetrizing, navigating, transforming, comparing, scaling, sensing, visualising and perhaps more [START_REF] Whitleley | What is spatial reasoning[END_REF]. Conceptualizations include at the very least to understand as well as mentally manipulate objects and representations of objects (e.g. [START_REF] Bruce | Understanding gaps in research networks: using "spatial reasoning" as a window into the importance of networked educational research[END_REF][START_REF] Cohen | Inferring cross sections of 3D objects: A new spatial thinking test[END_REF]. The spatial reasoning ability does not start to develop as children begin schooling. Young learners start school with a big repertoire of informal spatial reasoning [START_REF] Whitleley | What is spatial reasoning[END_REF] that can be utilized, built upon and developed with carefully developed tasks.

Programming robots can improve students spatial reasoning both short-and long-term [START_REF] Francis | Malleability of Spatial Reasoning With Short-Term and Long-Term Robotics Interventions[END_REF]. Engaging young learners in programming robots in path-tasks, tasks where young learners give a robot instruction to move about in the classroom, improve their ability to understand as well as mentally manipulate objects and representations of objects. Especially there is a correlation between young learners mental rotation ability and their success in programming movement actions [START_REF] Città | The effects of mental rotation on computational thinking[END_REF]. To take the perspective of the robot and visualize the rotation and movement necessary is key to success.

Mental rotation is challenging for young learners. [START_REF] Moore | Multiple representations in computational thinking tasks: a clinical study of secondgrade students[END_REF] found that spatial orientation is particularly hard, and that young learners rely on for example spoken language or their own bodies to translate between task instruction and instructions for the robot. Meaning that they rotated their own bodies to figure out how to instruct the robot. Students who did not use this strategy had a higher fail rate in the study [START_REF] Moore | Multiple representations in computational thinking tasks: a clinical study of secondgrade students[END_REF], indicating that doing the rotation purely in their minds is hard and that some sort of representation of that rotation is important for young learners to visualize the perspective of the robot.

Bartolini [START_REF] Bartolini Bussi | Geometry in early years: sowing seeds for a mathematical definition of squares and rectangles[END_REF] found that rotations are not intuitively interpreted as steps in a robot's sequence. The robot rotated 90° when given the turn command, but when the young learners acted out the turn command without the robot they often took an extra step in the new direction as well. The arrow symbols used as the programming language for many educational robots suggest movement and direction from the robots perspective [START_REF] Shumway | Kindergarten students' mathematics knowledge at work: the mathematics for programming robot toys[END_REF]. So for example the right arrow means a rotation to the right rather than a step to the right which would be the case in a room oriented perspective applied in the syntax by for example the Scratch programming environment. It provides a challenge for students when they want to translate the planned path from point A to point B to movements for the robot [START_REF] Shumway | Kindergarten students' mathematics knowledge at work: the mathematics for programming robot toys[END_REF]. Bartolini Bussi and Mariotti described the semiotic potential of an artifact in this context as the system of relationships among the artifact, task, and content. This paper focus on how student use paper tile arrows to communicate sequential instructions in robot path-tasks.

Method

The data for the presented study comes from interviews with 22 students. The purpose of the interviews was to assess the students' computational thinking concepts sequences and loops [START_REF] Brennan | New frameworks for studying and assessing the development of computational thinking[END_REF]. The instrument was inspired by [START_REF] Clarke-Midura | Developing a kindergarten computational thinking assessment using evidence-centered design: the case of algorithmic thinking[END_REF] who developed it to assess kindergarten students' algorithmic thinking as a sub-section of computational thinking. The assessment is on a video recorded interview format, rather than individual written tasks, to better suit students with poor reading and writing skills.

The students were from a year 1 class, ages 7 to 8 years old. They had some experience working with sequential instructions and robots with their teacher. They had gone through unplugged tasks were they gave instructions to each other [START_REF] Kotsopoulos | A Pedagogical Framework for Computational Thinking[END_REF], paper and pen tasks were they drew paths for robots to follow and making tasks were they constructed their own instructions for actual robots [START_REF] Kotsopoulos | A Pedagogical Framework for Computational Thinking[END_REF]. The robots received their instructions through buttons on its back (figure 1), multiple instructions could be entered in a sequence and performed on a grid on the floor when a student pressed Go. The students were interviewed in pairs in a nearby room during ordinary lessons. Each interview took between 15 and 20 minutes. The interviews were video recorded, capturing speech, hand gestures, pointing on the task grid and the use of arrow tiles to communicate their reasoning on each task. Student's caretakers were informed by written notes and only those students whose parents had given their written consent were asked if they wanted to participate in the study. The students was asked in advance by their teacher and again just before starting the video recording if they wanted to participate and it was made clear to them that they could withdraw their consent at any time. In the room was the interviewer, the author of the paper, Misty the robot and the two students. The study and its methods have been submitted for ethical review and was deemed to follow the national codes of conduct for good research practice.

Each interview consisted of 12 tasks with increasing level of difficulty, focusing on paths and sequential instructions. Six tasks was from the Clarke-Midura et al. ( 2021) study, that were available in the publication. These six tasks were supplemented with six more on the same form to smooth out the increasing level of difficulty. The tasks included creating and interpreting short and long sequences of known and unknown paths. Low level tasks used only one type of instruction, i.e. "forward", and higher level tasks combined multiple instructions to a sequence. The students could answer by talking, hand gestures or using loose arrow tiles provided to them identical to those printed on each task. The students were not told the correct answer for each task, they proceeded to the next task either when they came to an agreement or agreed to disagree.

Figure 2 show one of the twelve tasks that will serve as an example in the results section. The students were informed that the Misty the robot started in the green square standing in the direction of the arrow. The task was to give Misty instructions for path to the red square. One correct answer would be forward, right turn and forward, or green arrow, orange arrow and green arrow in that sequence. The analysis followed a constant comparison method [START_REF] Gravemeijer | Design research from the learning design perspectiv[END_REF] to create categories of ways to use symbolic signs. All video episodes where students used the arrow tiles to communicate their reasoning was identified. Each tile configuration was extracted from the videos and compared to each other to find similarities and differences in how the respondents used the tiles to communicate their instructions for Misty. The analysis resulted in three distinct categories of use, Tool-oriented use, Agent-oriented use and Path-oriented use of arrow tiles.

Results

The results section is organized around the three ways of using tiles identified in the interviews. First is Tool-oriented, then Agent-oriented and last is Path-oriented use. Each type of use is explained, exemplified with a short code and connected to outcomes in the tasks.

As seen in figure 2, each task presented to the respondents had the arrows depicted at the bottom of the paper. These depictions were oriented in the same way as they were on top of the robots they had used before. When respondents laid out the paper tile arrows on the table with the same orientation as seen on the paper regardless of how the robot was oriented, the use was labeled as Tool-oriented. Figure 3a is an example of how Tool-oriented use could look. If we start with Misty pointing away from us, the first green arrow is pointed in the direction Misty is traveling and the orange arrow show how Misty would rotate. However, the third arrow (green) is also pointing away from us, even though Misty in this example would be traveling to the right from our perspective. The arrows are hence used in the same orientation as the tool panel in front of the respondents, recognizing that it is all the same to Misty who interprets the type of arrow, not how they are oriented. The respondents seemed to be able to mentally change perspective between the robot and the tool. Respondents who laid out tiles like this had no problem solving the tasks and presented correct solutions throughout. Interesting to point out is that some laid out the tiles from left to right and some from bottom and up and when prompted answered that it worked both ways. Some respondents laid out arrow tiles pointing in the direction Misty was supposed to go. This use was labeled Agent-oriented use. Meaning that the tiles were always oriented in the direction that the agent, Misty, was moving. Figure 3b is an example of how Agent-oriented use could look. If we start with Misty pointing away from us, the first green arrow is pointed in the direction Misty is traveling and the orange arrow show how Misty would rotate. However, the third arrow (green) is pointing in the new direction Misty is traveling, to the right. The arrows orientation seemed to help students keep track of how Misty was traveling and also helped in a few cases to select between orange or blue rotation arrow. Respondents who laid out tiles like this favored a bottom and up reading direction but also answered that it would also work to lay them out from left to right. The Agent-oriented use also led to correct solutions throughout.

The paper arrow tiles nearly fitted in the lattice on the tasks, they were only slightly too big. Some respondents used this to lay out a path for Misty either directly on the grid or beside it. The tiles were laid out both with regard of direction and of position in the plane. This use was labeled Path-oriented use. Meaning that the tiles created a path from Misty's starting point to Misty's end point. Figure 3c show an example of how Path-oriented use could look. If we start with Misty pointing away from us, the first green arrow is pointed in the direction Misty is traveling and the orange arrow show how and where Misty would rotate. The third arrow (green) is then positioned and oriented in the way the respondents wanted Misty to move. The arrows orientation seemed to help students keep track of how far Misty needed to go and to take Misty's perspective to select between orange or blue rotation arrows. However, the Path-oriented use was cause of conflict in some pairs and often resulted in incorrect answers. The respondents did not always agree on how to interpret the turn-arrows since the turn-arrows now occupied squares in the grid. 

Discussion and implications

The aim of this paper was to build on our understanding of spatial ability in the context of educational robot programming. Specifically with how young learners use a standardized language to communicate their reasoning behind sequential instructions in robot path-tasks by answering the research question How does young learners use symbolic signs to communicate sequential instructions in robot path-tasks? The analysis led to three distinct uses of arrow tiles, Tool-oriented use, Agent-oriented use and Path-oriented use. These different uses present their own sets of opportunities and constraints. For example the Tool-oriented use, which could be argued to be the most advanced type of use, presupposes that the young learner can formulate their spatial reasoning mentally without much help of representations, which many young learners struggle with [START_REF] Moore | Multiple representations in computational thinking tasks: a clinical study of secondgrade students[END_REF]. Comparing this demanding use with a more intuitive, such as the Path-oriented, might be tempting for a teacher to introduce sequential instructions of the support young learners in need but opens up for misinterpretation of the syntax and code with multiple errors.

The results emphasize some pitfalls and difficulties in assessing young learners computational thinking with the types of tasks suggested by [START_REF] Clarke-Midura | Developing a kindergarten computational thinking assessment using evidence-centered design: the case of algorithmic thinking[END_REF] in combination with symbols to represent commands. When the tasks are unplugged, a Path-oriented use of arrow-tiles steered many young learners wrong in the interviews. However, we do not know whether it is because of poor computational thinking or constraints in the representations. Some of the students might have broken down the task and formulated a correct plan, essential to young learners computational thinking [START_REF] Sjödahl | Abstracting and decomposing in a visual programming environment[END_REF], and only gotten the syntax wrong. Such inconsistencies with syntax could be adjusted on the fly with a little trial and error if the respondents had access to robot during the interview.

From a STEM point of view, spatial reasoning is an important ability to focus on and develop in school [START_REF] Khine | Spatial Cognition: Key to STEM Success[END_REF]. One implication of the presented results is to create instruction connected to different uses of symbolic signs to create opportunities to develop young learners spatial reasoning. For example, the different uses could be an indicator for formative assessment, to determine what would be appropriate follow up tasks or questions and how much they have learnt. They could also be used to discuss different strategies: what makes some strategies better than others and what is desirable? All quite important questions in the long run, as issues of rotation and translation are important concepts in key mathematics courses (i.e. linear algebra) in STEM education at the university level.
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 34 Figure 3 (a-c): Forward, right turn and forward in (a) laid out from left to right and oriented in the same way as depicted in the tool, in (b) laid out from left to right and oriented in the directions that the robot would move and in (c) placed and oriented in the same way as the path the robot would follow