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1. SCENARIO IDENTIFICATION
1.1 Scenario Title
From Relative to Absolute – Learning to navigate using absolute positions.
1.2 Target Age Group
Upper secondary students & University students
Curriculum: Upper secondary students & University students
Thematic Area: Computational thinking, robotics, coordinate systems
Topics/Subtopics: Positioning and movement, absolute vs. relative coordinates, algorithmic logic, geometry in programming
Expected Learning Outcomes:
Students will be able to:
· Distinguish between relative and absolute positioning in a 2D space.
· Program a robot to navigate using both relative movements and absolute coordinates.
· Use a visual programming environment to implement positioning logic.
· Apply geometric and spatial reasoning to plan and execute precise robot movements.
· Analyze and convert movement instructions from one coordinate system to another.
· Collaborate to test, debug, and refine navigation programs.
1.3 Estimated Duration
45 minutes

1.4 Subject Areas Involved 
Computer Science, Mathematics, Technology, Robotics

1.5 Prerequisite Knowledge
Students should:
· Be familiar with using a visual programming environment.
· Understand basic robot movements such as moving forward and turning.
· Understand the basics of coordinate systems (x, y positions on a grid).
· Have prior knowledge of elementary trigonometry:
· Right triangle relationships
· Use of sine, cosine, and tangent
· Calculating angles using inverse trigonometric functions (e.g., arctangent)
1.6 Purpose of the Scenario
To help students understand and apply the concepts of relative and absolute positioning through programming and robot navigation tasks.

1.6.1 Learning Objectives/Outcomes
Students will:
· Operate the FOSSBot programming environment.
· Distinguish between relative and absolute coordinates in a 2D space.
· Program the robot to move to specific points using both relative displacements and absolute positioning.
· Use trigonometric functions to calculate directions and angles between points.
· Translate spatial problems into algorithmic solutions.
· Collaborate to test, debug, and improve navigation programs.
1.6.2 Teaching Objectives
The educator aims to:
· Develop students’ spatial reasoning and coordinate system fluency.
· Strengthen the link between mathematical theory and physical implementation.
· Introduce fundamental trigonometric applications in robotics.
· Foster problem-solving through step-by-step planning and angle computation.
· Encourage teamwork and iterative testing to refine robot accuracy.


2. LESSON PLAN DEVELOPMENT
2.1 Description of Teaching and Learning Activities
This scenario employs experiential and inquiry-based learning using the FOSSBot and its visual programming environment.
The learning process focuses on exploration, encouraging students to experiment with commands and conditions by creating an interactive project. No ready-made solutions are provided, promoting knowledge discovery through observation and trial.
Collaborative learning is enhanced through teamwork, as students work in groups of 3–5 to develop their projects, strengthening social interaction and collective knowledge construction.
The scenario progressively builds students’ understanding of robot navigation by shifting from relative movement commands to absolute positioning. Through hands-on programming activities, students develop spatial reasoning, apply trigonometric principles, and design their own navigation functions. This structured learning path enables them to convert absolute coordinates into executable movement commands, bridging mathematical concepts and physical robotics.
A worksheet is used for instruction, guiding students through seven (7) consecutive activities:
Activity 1: Exploring relative movements.
 Students learn how the robot responds to simple movement commands like forward and turn. They observe how each instruction affects the robot’s position and orientation, laying the foundation for understanding directional logic.
Activity 2: Plotting absolute positions.
 Students are introduced to coordinate grids and are tasked with reaching specific (x, y) points using only relative movement commands. This activity strengthens their spatial awareness and understanding of absolute positioning.
Activity 3: Combining position and orientation.
 By tracking the robot’s orientation and location after each move, students connect directional changes with their impact on navigation. This reinforces the concept of heading and directional reasoning.
Activity 4: Calculating the relative move to reach a target.
 Using trigonometry, students learn how to compute the angle and distance needed to reach a target point from a current position. They test their calculations by manually programming the corresponding turn and move instructions.
Activity 5: Creating a GoTo(x, y) function.
 Students design a function that transforms absolute target coordinates into relative robot commands. Given a current position and heading, the function outputs a turn angle followed by a forward movement, effectively translating absolute navigation into robot-friendly instructions.
Activity 6: Challenge – Absolute path planning.
 Students use their GoTo(x, y) function to move the robot through a series of predefined waypoints. This tests their understanding of coordinate transformations and their ability to sequence relative movements accurately.
Activity 7: Final evaluation and reflection.
 Students evaluate the precision and efficiency of their navigation strategy, reflect on their coding logic, and consider how abstract math applies to real-world robotics challenges.

To implement the activities, the FOSSBot must be pre-synchronized with the local Wi-Fi network.



2.2 Worksheets
The following section is still under development and currently outlines only the structural elements of each activity. Detailed instructions and supporting materials will be added progressively.

Activity 1 - Exploring Relative Movements
Objective: Understand how the robot moves using relative instructions (forward, turn).
· Students program simple movements: move forward, turn, …
· They observe how each command affects the robot's position and direction.
· The concept of implicit position and heading is introduced.
Activity 2 - Plotting Absolute Positions
Objective: Represent and reach specific (x, y) coordinates on a grid.
· Students are given fixed coordinates to reach.
· They must figure out a sequence of relative commands to reach those points.
· Introduction to graphical representation of absolute positions.
Activity 3 - Combining Position and Orientation
Objective: Track the robot’s position and direction after each move.
· Students track the robot’s position and heading on paper or using visual tools.
· The concept of heading (angle relative to the x-axis) is introduced.
· They analyze how turning affects the robot’s next direction.
[bookmark: _heading=h.493dwsrc9aof]Activity 4 – Calculating the Relative Move to Reach a Target
Objective: Learn how to compute a movement (angle + distance) required to go from a current position to a target point.
· Students are given a current absolute position and a target position.
· Using basic trigonometry, they calculate the angle to turn (using arctangent) and the distance to move.
· They test their results by programming the robot with a turn and a forward command.
[bookmark: _heading=h.4cywqk260tth]Activity 5 – Creating a GoTo(x, y) Function
Objective: Build a function that transforms absolute target coordinates into a sequence of relative commands.
· Students implement a routine (block or function) that, given the current position and heading, computes:
· the angle to turn
· the distance to move forward
· The function outputs the relative instructions: Turn(θ), then Move(d).
· They test their GoTo(x, y) function on several target positions.

[bookmark: _heading=h.o541u04bldoq]Activity 7 – Challenge: Absolute Path Planning
Objective: Navigate between multiple absolute points using the GoTo(x, y) function.
· Students receive a list of coordinates to follow in order (like waypoints).
· They use their GoTo() function to generate relative instructions for each segment.
· The robot follows the full path using only calculated relative commands.
· Final evaluation based on path accuracy, code reusability, and movement smoothness.
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