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1. Course Overview
Grade 9 represents advanced STEAM integration: autonomous robotics, Python programming, AI awareness, electrical systems, and simulation-based engineering. Students transition from basic automation to intelligent systems, preparing for real-world engineering challenges and innovation projects.
CDC Alignment
• Science: Electricity, magnetism, energy, forces, motion
• Physics: Electrical circuits, power, resistance, Ohm's Law
• ICT: Programming fundamentals, algorithms, computational thinking
• Mathematics: Algebra, geometry, logic for programming


2. Learning Outcomes
• Build autonomous robots with sensor navigation
• Write Python programs with proper syntax
• Understand house wiring and electrical safety
• Design IoT smart home systems
• Use Tinkercad for simulation
• Understand AI basics and prompt engineering


3. Teaching Strategy
30-50-20 model: 30% Theory, 50% Hands-on, 20% Coding/Simulation. Projects span 2-4 weeks.
• 0-5 min: Problem intro
• 5-15 min: Theory + CDC
• 15-18 min: Simulation demo
• 18-42 min: Build/code
• 42-45 min: Test, homework


4. Lab Setup & Kit
• Arduino Uno / ESP32
• 2 DC motors + L298N driver
• Robot chassis with wheels
• Ultrasonic sensor HC-SR04
• IR sensors, relay module
• LEDs, buzzer, breadboard, wires
• Battery pack (7.4V LiPo)
• Python 3.x + Arduino IDE
• Tinkercad Circuits (free online)


5. Annual Calendar
	Weeks
	Project

	1
	Orientation

	2-4
	P1: Python Basics

	5-7
	P2: Tinkercad Simulation

	8-10
	P3: AI Prompt Engineering

	11-14
	P4: Obstacle Robot

	15-18
	P5: Smart Car

	19-20
	DASHAIN

	21-23
	P6: DIY Drone

	24-25
	P7: Water Monitor

	26-28
	P8: Disaster Alert

	29-31
	P9: Smart Home

	32-33
	P10: House Wiring

	34
	P11: Advanced Robot

	35-36
	P12: Final Integration




6. All 12 Projects - Complete Details
TERM 1: SIMULATION + CODING FOUNDATION
Project 1: Coding & Python Basics
Duration: 3 weeks (45 min) | Build: 60-90 min
Complexity: 6/10
Learning: Python fundamentals, variables, data types, loops, conditions, functions, logic building
Description: Introduction to Python programming. Learn variables, data types (int, float, string), input/output, if-else conditions, loops (for, while), functions. Write programs for calculations, games (number guessing), text manipulation. Foundation for robotics coding.
Materials: Laptops with Python 3.x, Python IDLE or VS Code, projector, coding worksheets
Weekly Breakdown:
Week 1: Python basics: print(), input(), variables, data types (int/float/string), math operations, first programs (Hello World, calculator)
Week 2: Conditions (if/elif/else), logical operators (and/or/not), decision programs (grade calculator, even/odd checker, age validator)
Week 3: Loops (for/while), range(), break/continue, repetition programs (multiplication table, sum calculator, number guessing game), debugging
Code Concepts: Variables, print(), input(), if/elif/else, for/while loops, range(), def functions
CDC: CDC ICT: Programming fundamentals, algorithms, computational thinking, syntax, problem decomposition
Nepal Context: Coding as career skill; programming for robotics; computational thinking; foundation for AI/ML; Nepal IT industry preparation
Project 2: Tinkercad Simulation (Circuits + Robotics)
Duration: 3 weeks (45 min) | Build: 70-90 min
Complexity: 7/10
Learning: Virtual circuit building, simulation before hardware, cost-effective prototyping, electronics understanding
Description: Learn Tinkercad Circuits (free online). Build virtual LED circuits, servo control, motor systems, sensor testing. Simulate Arduino projects before actual building. Saves components, reduces errors, builds confidence.
Materials: Computers with internet, Tinkercad accounts (free), projector for demos, circuit diagrams
Weekly Breakdown:
Week 1: Create Tinkercad account, explore interface, build first circuit (LED + resistor + battery), learn breadboard virtual connections, simulate and test
Week 2: Add Arduino to circuit, write simple code (blink LED), understand digital pins, simulate servo motor control, test variations
Week 3: Build complex circuit: ultrasonic sensor + Arduino + LED (obstacle detector simulation), write code, test distance detection, prepare for real P4
Code Concepts: Arduino blocks in Tinkercad, digitalWrite(), digitalRead(), Serial.print() for testing
CDC: CDC ICT: Simulation tools, virtual prototyping, circuit understanding; CDC Science: Electricity basics
Nepal Context: Low-cost learning (no component waste); build confidence before real hardware; understand circuit logic; prepare for physical builds; accessible technology
Project 3: AI Prompt Engineering Basics
Duration: 3 weeks (45 min) | Build: 60-80 min
Complexity: 7/10
Learning: Understanding AI tools, effective prompting, creativity with AI, ethical use, technology awareness
Description: Learn how to communicate with AI effectively. Understand prompt structure, specificity, context. Use AI for idea generation, problem-solving, learning assistance. Ethics discussion: plagiarism vs assistance, AI limitations, responsible use.
Materials: Computers with internet, ChatGPT/Gemini access, prompt example sheets, ethics discussion materials
Weekly Breakdown:
Week 1: What is AI? How AI works (simple explanation), difference between AI and search engines, explore ChatGPT/Gemini, first prompts (bad vs good examples)
Week 2: Effective prompting: be specific, provide context, ask for formats (explain X to 9th grader, write Python code for Y), practice prompts for learning (explain Ohm's Law with examples)
Week 3: AI ethics: plagiarism vs assistance, when NOT to use AI (exams, original thinking), AI limitations (hallucinations, outdated info), create AI usage guidelines for class projects
Code Concepts: N/A - conceptual project focused on AI interaction, not programming
CDC: CDC ICT: Technology awareness, digital literacy, ethical technology use; Critical thinking
Nepal Context: Preparing for AI-integrated future; understanding tools students already use; responsible tech usage; enhancing learning (not replacing); Nepal's tech future


TERM 2: ROBOTICS + AUTONOMOUS SYSTEMS
Project 4: Obstacle Avoiding Robot (Core Project)
Duration: 4 weeks (45 min) | Build: 90-120 min
Complexity: 8/10
Learning: Autonomous navigation, ultrasonic sensing, motor control, obstacle detection logic, robotics fundamentals
Description: Build robot car that avoids obstacles automatically. Ultrasonic sensor detects objects ahead. If obstacle < 20cm, robot stops, backs up, turns, continues. Fully autonomous navigation. Core robotics skill.
Materials: Arduino Uno, 2 DC motors, L298N motor driver, robot chassis with wheels, HC-SR04 ultrasonic sensor, battery pack (7.4V), jumper wires, breadboard
Weekly Breakdown:
Week 1: Assemble robot chassis, mount motors, connect motor driver to Arduino, test motor control (forward/backward/left/right functions), learn PWM for speed
Week 2: Add ultrasonic sensor to front, wire to Arduino, test distance measurement with Serial Monitor, understand echo time calculation
Week 3: Write obstacle avoidance logic: read distance → if < 20cm: stop, reverse 1s, turn right 500ms, else: move forward, test in obstacle course
Week 4: Refine behavior: adjust distances, turning angles, speed, add random turn direction for variety, demo autonomous navigation, troubleshoot issues
Code Concepts: digitalWrite() for motors, pulseIn() for ultrasonic, if-else logic, functions moveForward(), turnRight(), etc.
CDC: CDC Science: Motion, forces, sensors, automation; CDC Physics: Distance measurement, ultrasonic waves; CDC ICT: Programming robots
Nepal Context: Autonomous vehicles understanding; robotics career pathway; navigation technology; preparing for Nepal's automation future; hands-on engineering
Project 5: Smart Car (Robot Car Upgrade)
Duration: 4 weeks (45 min) | Build: 90-120 min
Complexity: 8/10
Learning: Advanced motor control, directional systems, speed control PWM, multi-mode operation, user control
Description: Upgrade basic robot to smart car with multiple modes: manual control (via Serial commands), automatic obstacle avoidance, line following (optional IR sensors). Learn speed control (PWM), smooth turning, mode switching.
Materials: Previous robot from P4, additional IR sensors (optional), improved battery, Bluetooth module (optional for phone control)
Weekly Breakdown:
Week 1: Review P4 robot, add manual control via Serial Monitor (send 'F'=forward, 'B'=back, 'L'=left, 'R'=right, 'S'=stop), test keyboard control
Week 2: Implement PWM speed control: slow mode (speed=100), medium (150), fast (255), test acceleration, add mode switching (press '1'=manual, '2'=auto obstacle avoid)
Week 3: Optional: add 2 IR sensors for line following, write line-follow code (if left sensor detects line, turn left; right sensor, turn right), test on black tape track
Week 4: Integration: combine all modes into one program, test mode switching, optimize performance, add status LEDs (green=manual, red=auto), demo multi-mode smart car
Code Concepts: PWM analogWrite(), Serial.read() for commands, switch-case for modes, state variables
CDC: CDC Physics: Motion control, acceleration, speed; CDC ICT: Multi-mode programming, state machines
Nepal Context: Advanced robotics; understanding self-driving car concepts; automation modes; engineering control systems; Nepal automotive innovation potential
Project 6: DIY Drone (Concept + Safe Model)
Duration: 3 weeks (45 min) | Build: 80-100 min
Complexity: 7/10
Learning: Aerodynamics basics, quadcopter principles, motor thrust, balance, flight physics, safety awareness
Description: Build CONCEPTUAL drone model (NON-FLYING for safety). Understand quadcopter design: 4 motors for lift, yaw/pitch/roll control, balance. Create cardboard frame, mount motors (without full power for safety), understand flight principles. Focus on learning, not dangerous flying.
Materials: 4 small DC motors (3V), cardboard for frame, propellers, Arduino, battery (low voltage for safety), LED indicators, assembly tools
Weekly Breakdown:
Week 1: Learn drone basics: lift, thrust, yaw/pitch/roll, quadcopter X configuration, discuss drone applications (photography, delivery, agriculture), safety rules
Week 2: Design cardboard frame (X shape, ~30cm), mount 4 motors at ends, connect to Arduino (demonstrate control only, NOT full flight power), add LEDs for status
Week 3: Write control code: simulate flight modes (arm motors, test differential speeds for turns), understand stabilization needs (gyroscope/accelerometer for real drones), discuss Nepal drone regulations, present drone technology understanding
Code Concepts: Motor control with PWM, understanding differential thrust (NOT full flight code for safety)
CDC: CDC Science: Forces, lift, thrust, aerodynamics; CDC Physics: Newton's laws, motion; Safety engineering
Nepal Context: Drone technology awareness; aerial robotics understanding; SAFE exploration of flight; agriculture drones for Nepal; delivery systems; photography


TERM 3: REAL-WORLD SYSTEMS (NEPAL CONTEXT)
Project 7: Water Level Monitoring System
Duration: 2 weeks (45 min) | Build: 70-90 min
Complexity: 5/10
Learning: Float sensor, overflow prevention, household automation, water conservation, practical problem solving
Description: Build water level monitor for household tanks. Float sensor (or ultrasonic) detects when tank full → buzzer alert + LED red. Prevents overflow waste. VERY Nepal-relevant: water scarcity, overflow wastes precious resource.
Materials: Arduino, float switch sensor (or ultrasonic for contactless), buzzer, red/green LEDs, relay (optional for pump auto-stop), container for testing
Weekly Breakdown:
Week 1: Learn water challenges in Nepal (Kathmandu shortages, overflow waste), wire float sensor to Arduino, understand normally-open/closed switches, test with water container
Week 2: Write code: if float sensor HIGH (water full), buzzer ON + red LED; else green LED, test overflow detection, add optional relay to stop pump automatically, discuss household water saving
Code Concepts: digitalRead() for float sensor, digitalWrite() for buzzer/LED/relay, simple if-else logic
CDC: CDC Science: Water conservation, resource management; Practical engineering solving real Nepal problems
Nepal Context: CRITICAL for Nepal: water scarcity in Kathmandu/Terai; preventing overflow saves water; household automation; students solve home problem; social impact
Project 8: Disaster Alert System (Earthquake + Flood)
Duration: 3 weeks (45 min) | Build: 90-120 min
Complexity: 8/10
Learning: Vibration sensor, water sensor, emergency alerts, disaster preparedness, community safety
Description: Build multi-hazard alert system. Vibration sensor (SW-420) detects earthquakes → loud buzzer + flashing LEDs. Water sensor detects flooding → different alert pattern. Nepal faces both disasters - early warning saves lives.
Materials: Arduino, SW-420 vibration sensor (earthquake), water level sensor (flood), loud buzzer, red LEDs, battery backup, housing
Weekly Breakdown:
Week 1: Discuss Nepal disasters: 2015 earthquake, monsoon floods in Terai, importance of early warning, wire vibration sensor, test by tapping table (simulated tremor)
Week 2: Add water sensor (for flood detection), program distinct alerts: earthquake = rapid buzzer beeps + fast LED blink, flood = continuous buzzer + slow blink, test both sensors
Week 3: Add battery backup (system works during power cuts), create housing/mounting, test reliability, discuss community early warning systems, present disaster preparedness
Code Concepts: digitalRead() for sensors, different alert patterns (buzzer tone, LED blink speed), emergency logic
CDC: CDC Science: Disasters, preparedness, sensors; Social awareness: Community safety, Nepal's seismic zone
Nepal Context: CRITICAL: Nepal in earthquake zone; monsoon floods; early warning saves lives; community safety; students build real safety system; social impact engineering
Project 9: Smart Home Automation System
Duration: 3 weeks (45 min) | Build: 90-120 min
Complexity: 8/10
Learning: IoT concepts, relay control, voice/app control basics, home automation, energy efficiency
Description: Build smart home model controlling lights, fan, appliances. Relay modules switch AC devices ON/OFF via Arduino. Control methods: Serial commands (simulate app), IR remote (optional), voice (optional ESP32). Learn IoT, home automation, energy saving.
Materials: Arduino/ESP32, 4-channel relay module, AC bulb/fan (or 5V versions for safety), IR receiver (optional), power supply, cardboard house model
Weekly Breakdown:
Week 1: Build cardboard house model (2-3 rooms), install lights (LEDs representing bulbs) and fan, wire 4-channel relay to Arduino, understand relay switching (NO/NC contacts), safety discussion
Week 2: Write control code: Serial commands ('1'=room1 light ON, '2'=room2, 'F'=fan, 'A'=all off), test manual control via computer, understand relay logic (LOW=ON for active-low relays)
Week 3: Optional upgrades: add IR remote control (reuse TV remote), or ESP32 for WiFi app control (Blynk app), add scheduling (turn off lights at night automatically), discuss energy saving in Nepal (load-shedding context), present smart home benefits
Code Concepts: digitalWrite() for relays, Serial control, optional: IRremote library, ESP32 WiFi, scheduling with millis()
CDC: CDC ICT: IoT concepts, home automation; CDC Science: Energy conservation, electrical control; CDC Physics: AC/DC, power
Nepal Context: Smart homes for Nepal; energy efficiency during load-shedding; remote control convenience; IoT career pathway; automation for elderly/disabled; future of housing


TERM 4: ELECTRICAL + ADVANCED INTEGRATION
Project 10: House Wiring System (Educational Model)
Duration: 2 weeks (45 min) | Build: 80-100 min
Complexity: 4/10
Learning: Electrical circuits, house wiring basics, switches, circuit breakers, electrical safety, real-world skill
Description: Build EDUCATIONAL model of house wiring (LOW VOLTAGE for safety). Learn series/parallel circuits, switch wiring (1-way, 2-way), circuit breaker role, earthing concept. Use 5V LEDs representing bulbs. Real electrical knowledge for life.
Materials: Wooden board (60x45cm), 5V LED bulbs, switches (SPST, SPDT), wires (red/black), terminal blocks, mini circuit breaker (or fuse), 5V power supply, screwdriver
Weekly Breakdown:
Week 1: Learn house wiring basics: live/neutral/earth wires, series vs parallel (why parallel for homes), circuit breaker protection, draw wiring diagram for 2-room house
Week 2: Build physical model: mount switches and LEDs on board, wire Room 1 (1-way switch + 2 parallel LEDs), Room 2 (2-way switch for stairs/hallway + LED), add main circuit breaker, test all circuits, discuss electrical safety (never touch live wires, use GFCI in bathrooms)
Code Concepts: N/A - physical wiring project (no programming), focus on circuit understanding
CDC: CDC Physics: Electrical circuits, Ohm's Law, series/parallel, power calculation; Practical life skill: Real wiring understanding
Nepal Context: ESSENTIAL life skill for Nepal: understanding home electricity; electrical safety critical; reducing electrician dependency for simple fixes; empowering students with practical knowledge; career in electrical trades
Project 11: Obstacle Avoiding Robot (Advanced Version)
Duration: 1 weeks (45 min) | Build: 90 min
Complexity: 7/10
Learning: Improved navigation, faster response, better logic, optimization, robotics refinement
Description: Upgrade P4 robot with better algorithm. Improvements: faster obstacle detection, smoother turns, backup distance calculation, intelligent direction choice (left vs right based on space), speed optimization. Polish robotics skills.
Materials: Original robot from P4, improved code, optional: add second ultrasonic for side detection
Weekly Breakdown:
Week 1: Review P4 code, identify improvements needed (slow response, poor turns, stuck in corners), implement: (1) Faster sensor reading (reduce delays), (2) Intelligent turning (check left AND right space, turn toward open side), (3) Variable speed (slow when approaching obstacles, fast in open space), (4) Escape routine (if stuck, multiple back-turn attempts), test in complex obstacle course, optimize for speed and reliability
Code Concepts: Optimized sensor timing, comparison logic for turn direction, speed variables, escape algorithms
CDC: CDC ICT: Algorithm optimization, code efficiency; Engineering: Iterative design, testing, refinement
Nepal Context: Engineering improvement process; optimization thinking; competitive robotics preparation; real-world product development cycle; never settle for 'good enough'
Project 12: Final Integrated Smart System + SHOWCASE
Duration: 2 weeks (45 min) | Build: 120+ min
Complexity: 10/10
Learning: System integration, multi-component design, presentation skills, project synthesis, STEAM culmination
Description: FINAL CAPSTONE: Integrate multiple previous projects into comprehensive smart system. Must combine at least 3 systems: Smart Car (P5), Smart Home (P9), Water Monitor (P7), Disaster Alert (P8). Create unified control panel. Demonstrate how systems work together. Present to parents/community explaining technology, Nepal applications, future potential. SHOWCASE event celebrating Grade 9 achievements.
Materials: All components from P4-P11, large display board, presentation materials, demo setup area
Weekly Breakdown:
Week 1: Planning integration: decide which 3-4 systems to combine, design unified control interface (one Arduino controlling home + water + alert, separate Arduino for robot), create system diagram showing connections, assign group roles (hardware, software, presentation, demo)
Week 2: Build integrated system: combine circuits on large board, write master control code with mode switching ('H'=home control, 'W'=water monitor, 'D'=disaster check, 'R'=robot control), test each subsystem, debug integration issues, create professional display board with labels/diagrams, prepare live demonstration, rehearse presentation (each student explains one system), anticipate questions from audience, SHOWCASE EVENT: present to parents/teachers/community (5-7 min presentation + live demo), explain real Nepal applications (water saving, disaster safety, home automation, robotics), discuss how STEAM prepares students for technology careers, celebrate Grade 9 completion
Code Concepts: Master control program, mode switching, multi-system integration, Serial command interface
CDC: ALL CDC DOMAINS: Science, Physics, ICT, Mathematics, Engineering, Problem-Solving, Communication - Complete Grade 9 integration
Nepal Context: Demonstrating 1 year of advanced learning; real Nepal solutions (water, disasters, automation, robotics); inspiring community with student innovation; showing technology transforms lives; preparing students for Grade 10 innovation/startup projects; celebrating STEAM mastery


7. Budget Summary
Grade 9 requires advanced robotics kits. Costs for new setup and reuse options.
Option A (Complete New): Rs. 45,000
Per Student: Rs. 1,500 (new) 


8. Assessment (CDC Style)
Continuous (60%) + Final (40%).
	Component
	Weight

	Functionality
	30%

	Coding
	20%

	Design
	15%

	Innovation
	15%

	Collaboration
	10%

	Documentation
	10%


Grading Scale
• Outstanding (90-100%)
• Excellent (80-89%)
• Very Good (70-79%)
• Good (60-69%)
• Acceptable (50-59%)


_______________
Grade 9: Advanced Engineering & Intelligent Systems
Students master autonomous robotics, Python programming,
AI fundamentals, and real-world electrical systems,
solving Nepal's challenges with technology and innovation.
Welcome to advanced STEAM engineering!
National Academy of STEAM Education • Kathmandu, Nepal
