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SmartFlower STEM Curriculum Framework

A Comprehensive, Interdisciplinary Curriculum Framework Anchored by a Living Solar Technology

. CURRICULUM PHILOSOPHY & VISION

The SmartFlower is not merely a solar panel — it is a convergence point where biology, robotics, engineering, physics,

mathematics, computer science, environmental science, and design thinking collide in a single, tangible, observable system.

This curriculum treats the SmartFlower as a living laboratory and central case study, radiating outward into every STEM

discipline. Students don't just learn about the SmartFlower; they investigate it, measure it, reverse-engineer it, model it,

critique it, improve upon it, and use it as a springboard to design their own biomimetic solutions to real-world problems.

Guiding Principle: Every unit circles back to the SmartFlower as a touchstone — students can walk outside, observe it,

collect data from it, and connect abstract concepts to a physical, functioning system on their campus.

Il. CURRICULUM STRUCTURE OVERVIEW

The curriculum is organized into seven thematic strands, each containing multiple units. Strands are designed to be taught

sequentially or modularly. Each strand identifies the primary STEM disciplines it engages and the SmartFlower features it

leverages.

Strand

(3]

Title

Mature's Blueprints: Biamimicry
& Design

Chasing the Sun: Solar Energy
Science

The Intelligent Machine:
Robotics & Mechatronics

Sensing & Responding:
Sensors, Data, and Feedback

Systems

Power & the Grid: Electrical
Engineering & Energy Systems

Mathematics of Optimization

Design, Sustainability & the
Future

Primary Disciplines

Biology, Engineering, Design
Physics, Chemistry, Earth
Science

Robatics, Mechanical
Engineering, CS

Computer Science, Physics,

Math

Electrical Engineering, Physics

Mathematics, Data Science

Environmental Science,
Engineering Design, Ethics

SmartFlower Features Utilized

Flower-petal form, heliotropism, folding/unfolding
Monocrystalline PERC cells, photovaltaic
conversion, 2.5 KWp output

Dual-axis tracking, motorized petal deployment,
wind sensor response

Wind sensor, anemometer, SIPO1/SIPO2 safety
positions, remaote maonitoring
Inverter, grid connections, single/three-phase

power, circuit breakers

Annual output data, angle optimization, tracking
algorithms, efficiency calculations

Life-cycle analysis, self-cleaning, convection
cooling, award-winning design



lll. DETAILED STRAND OUTLINES

STRAND 1: NATURE'S BLUEPRINTS — BIOMIMICRY & DESIGN

Essential Questions:
e Whatis biomimicry and how does nature inspire engineering solutions?
e How does the SmartFlower imitate biological systems, and where does it diverge?

e What other natural organisms or behaviors could inspire next-generation technologies?

SmartFlower Connection:

The SmartFlower's name, form factor, and core behaviors are directly borrowed from nature. Its 12 petal-shaped solar panels
unfold each morning like a flower opening to sunlight. Its dual-axis tracking mimics heliotropism — the ability of sunflowers
and other plants to follow the sun across the sky. Its folding behavior in high wind mirrors the protective responses of plants
that close petals in storms.

Unit 1.1 — Introduction to Biomimicry
e Define biomimicry, biomimetics, and bio-inspired design

e Historical and contemporary examples (Velcro from burdock burrs, bullet train from kingfisher beak, Eastgate Centre
from termite mounds, shark-skin swimsuits, lotus-effect coatings)

e (Classification of biomimetic strategies: form-based, process-based, ecosystem-based

e Introduction to the SmartFlower as the curriculum's primary biomimetic case study

Unit 1.2 — Heliotropism: How and Why Plants Track the Sun
e Biology of heliotropism in sunflowers (auxin distribution, differential growth, pulvinus motor cells)
e Distinction between solar tracking in young sunflowers vs. mature sunflowers (circadian rhythm lock)
e  Phototropism vs. heliotropism
e Comparative anatomy: the SmartFlower's mechanical tracking vs. a sunflower's biochemical tracking

e Cross-species survey: other heliotropic organisms (Arctic poppies, snow buttercups, solar-tracking lizards)

Unit 1.3 — Flower Morphology as Engineering Template
e Petal arrangement, symmetry, and phyllotaxis in nature (Fibonacci spirals, golden angle)

e Structural analysis of the SmartFlower's 12-petal radial design



e Investigation: Is the SmartFlower's petal count and arrangement optimized? Could a different petal geometry capture
more light?

e Folding patterns in nature: origami in leaves, insect wings, and flower buds

e Exploration of deployable structures in engineering (satellite solar arrays, folding architectures)

Unit 1.4 — Biomimetic Design Challenge
e Students identify a natural organism, behavior, or structure
e Apply the biomimetic design process: Identify > Translate > Abstract > Apply > Evaluate
e Develop concept designs for a new biomimetic technology
e Peerreview and iterative refinement

e Present designs with biological justification

STRAND 2: CHASING THE SUN — SOLAR ENERGY SCIENCE

Essential Questions:
e How does sunlight become electricity?
o What makes some solar technologies more efficient than others?
e How do geography, weather, and orientation affect solar energy production?

SmartFlower Connection:

The SmartFlower uses Monocrystalline PERC (Passivated Emitter and Rear Cell) solar cells arranged in a 12-module, single-
string configuration across glass/backsheet panels. Its nominal power output is 2.5 kWp with an annual output of 4,000-6,500
kWh depending on geographic location and weather. The dual-axis tracking maintains a 90° angle to the sun at all times,
producing up to 40% more power than stationary arrays.

Unit 2.1 — Electromagnetic Spectrum and Solar Radiation
e Nature of light: wave-particle duality, photons, wavelengths
e The solar spectrum: UV, visible, infrared
e Solarirradiance, solar constant, atmospheric absorption and scattering
e How latitude, season, time of day, and weather affect solar intensity

e Connection: Why does the SmartFlower's annual output range from 4,000 to 6,500 kWh depending on location?

Unit 2.2 — Photovoltaic Effect and Solar Cell Physics
e Semiconductor physics fundamentals (silicon crystal structure, valence and conduction bands)

e P-Njunctions, electron-hole pairs, and photon absorption



e How asolar cell generates voltage and current
e Monocrystalline vs. polycrystalline vs. thin-film vs. multi-junction cells

e PERC technology explained: how the passivated rear contact increases efficiency by reflecting unabsorbed photons
back through the cell

e Connection: Why did SmartFlower engineers choose Monocrystalline PERC specifically?

Unit 2.3 — From Cell to System: Solar Array Architecture
e Individual cell » module > string - array hierarchy
e  Seriesvs. parallel wiring and implications for voltage and current
e The SmartFlower's 12-module, single-string configuration: advantages and limitations
e Shading effects and bypass diodes
e Temperature effects on performance (connection to the SmartFlower's convection cooling system)

e Glass/backsheet panel construction: durability, transparency, and weatherproofing

Unit 2.4 — The Power of Tracking: Fixed vs. Single-Axis vs. Dual-Axis
e Solar geometry: altitude angle, azimuth angle, hour angle, declination
e Why 90°incidence maximizes energy capture (Lambert's cosine law)
e Quantifying the gain: fixed-tilt vs. single-axis vs. dual-axis tracking (theoretical and empirical)
e The SmartFlower's claim of 40% more power — investigation and verification using campus data

e Trade-offs: added mechanical complexity, energy consumed by tracking motors, maintenance

Unit 2.5 — Solar Energy Data Collection and Analysis (Ongoing/Longitudinal)
e Using the SmartFlower's remote monitoring system to collect real-time and historical production data
e Measuring and logging: daily kWh, peak power output, time of peak, weather conditions
e Comparing production data across seasons, weather conditions, and times of day

e Building a class dataset over weeks/months for analysis in Strand 6

STRAND 3: THE INTELLIGENT MACHINE — ROBOTICS & MECHATRONICS

Essential Questions:
e What makes the SmartFlower a robotic system?

e How do mechanical, electrical, and software systems integrate to create intelligent behavior?



e What are the fundamental principles of robotic motion, actuation, and control?

SmartFlower Connection:

The SmartFlower is a sophisticated robotic system. It automatically unfolds each morning at sunrise, tracks the sun on two
axes throughout the day, responds to wind speed data by assuming protective safety positions (SIPO1 at 13-17.5 m/s; SIPO2 at
>17.5 m/s), and folds closed at sunset. Its behavior is autonomous and sensor-driven, meeting the fundamental definition of a
robot: a machine that senses, processes, and acts.

Unit 3.1 — What Is a Robot? Defining Robotics Through the SmartFlower
e (Classical and modern definitions of robots and robotic systems
e The sense-think-act paradigm

e Mapping the SmartFlower to the paradigm: sensors (wind, solar position), processing (onboard controller), actuators
(motors for tracking and petal deployment)

e Degrees of freedom in robotic systems — identifying the SmartFlower's degrees of freedom

e Autonomous vs. teleoperated vs. supervisory control — where does the SmartFlower fit?

Unit 3.2 — Mechanical Systems: Actuators, Gears, and Mechanisms
e Types of actuators: electric motors (DC, stepper, servo), hydraulic, pneumatic
e  Geartrains, worm drives, and linkage mechanisms
e Torque, speed, and mechanical advantage calculations

e Reverse-engineering exercise: hypothesize what mechanical systems drive the SmartFlower's petal deployment and
dual-axis tracking

e Bearing systems and weatherproofing for outdoor robotic mechanisms

e Connection to system weight (~1,540 lbs / 700 kg) — structural and mechanical implications

Unit 3.3 — Kinematics of Solar Tracking
e Rotational motion: angular velocity, angular acceleration
e Two-axis tracking geometry: azimuth rotation (horizontal) and elevation tilt (vertical)
e Coordinate systems and transformation matrices (introductory level)
e Calculating required angular velocities for solar tracking (the sun moves ~15°/hour)
e How the system transitions between tracking, safety positions, and folded/stowed configuration

e  Safety positions analysis: SIPO1 (partially folded, tilted) vs. SIPO2 (fully stowed) — what mechanical sequence is
required?



Unit 3.4 — Build a Solar Tracker (Hands-On Project)
e Students design and build a small-scale single-axis or dual-axis solar tracker

e Using servo motors, light-dependent resistors (LDRs) or photodiodes, and a microcontroller (Arduino, Raspberry Pi, or
similar)

e Mechanical design: base rotation, tilt mechanism, structural support
e  Programming the tracking algorithm (see Strand 4 for sensor/software integration)
e Testing and comparing performance of student trackers against a fixed-mount solar panel

e |[terative improvement based on data

Unit 3.5 — Deployable and Reconfigurable Structures
e Engineering of structures that change shape: deployable antennas, folding roofs, transformer mechanisms
e Origami engineering and compliant mechanisms

e The SmartFlower's daily transformation: from compact closed position (9'/2.7m height in SIPO2) to fully deployed
tracking configuration (17'/5.2m span and height)

e Challenges: repeatability, wear, weatherproofing, precision after thousands of cycles

e Student challenge: design a deployable structure that can unfold, present a surface to a light source, and refold —
scored on repeatability, speed, and surface area presented

STRAND 4: SENSING & RESPONDING — SENSORS, DATA, AND FEEDBACK
SYSTEMS

Essential Questions:
e How does a system perceive and respond to its environment?
e Whatrole do sensors, algorithms, and feedback loops play in intelligent systems?

e How can we collect, transmit, and analyze data from a real-world system?

SmartFlower Connection:

The SmartFlower integrates multiple sensor systems: a wind sensor/anemometer (with 65 ft / 20 m cable), solar position
tracking (algorithmic and/or sensor-based), temperature monitoring, and remote monitoring via network/LAN (CAT 5e, RJ45) or
optional cell network kit. The system responds to sensor input with defined behaviors: normal tracking below 13 m/s wind,
SIPO1 between 13-17.5 m/s, and SIPO2 above 17.5 m/s. Wind speed thresholds are adjustable (5-13 m/s).

Unit 4.1 — Sensors and Transducers

e What sensors are and how they convert physical phenomena into electrical signals



Types relevant to the SmartFlower: anemometers (wind), pyranometers (solar irradiance), thermometers
(temperature), encoders (position), photodiodes (light direction)

Sensor specifications: range, resolution, accuracy, response time
The SmartFlower's wind sensor: how anemometers work (cup, vane, ultrasonic types)

Hands-on: students calibrate and characterize sensors in the lab

Unit 4.2 — Feedback and Control Systems

Open-loop vs. closed-loop control
Block diagrams: input, controller, plant, output, feedback
Proportional control (introduction to PID concepts for advanced students)

The SmartFlower as a control system: desired state (90° to sun) - controller > motors - actual panel orientation >
sensor feedback

Threshold-based control: wind speed triggers for SIPO1 and SIPO2 as an example of discrete control logic

Hysteresis: why the SmartFlower likely doesn't oscillate between tracking and SIPO1 at exactly 13 m/s

Unit 4.3 — Solar Position Algorithms

Algorithmic sun tracking vs. sensor-based sun tracking

Solar position calculations: latitude, longitude, date, time > solar elevation and azimuth

Introduction to astronomical algorithms (equation of time, solar declination)

Northern Hemisphere orientation (modules face south) vs. Southern Hemisphere (modules face north) — why?

Programming exercise: students write code to calculate sun position for their location and date, compare to observed
SmartFlower orientation

Unit 4.4 — Internet of Things (loT) and Remote Monitoring

What is loT? Architecture: sensors - local processing > network - cloud > user interface

The SmartFlower's monitoring system: CAT 5e LAN connection, RJ45 connector, optional cellular kit
Networking fundamentals: IP addresses, data packets, protocols (introduction)

Data dashboards: what the SmartFlower monitoring app displays and why those metrics matter

Student project: build a simple loT weather station or solar monitor using a microcontroller with Wi-Fi, publish data to
a cloud dashboard

Data privacy and security considerations for connected devices



Unit 4.5 — Environmental Sensing and Autonomous Response

e Case studies of sensor-driven autonomous systems: self-driving cars, smart thermostats, weather-responsive
buildings

e The SmartFlower's autonomous daily cycle: wake at sunrise > unfold - track > respond to wind - fold at sunset

e Programming exercise: students program a microcontroller to read a light sensor and wind sensor, then control a
servo motor to track light and retract under high wind conditions

e Exploring edge cases: What happens during partial cloud cover? Sudden gusts? Power outages?

STRAND 5: POWER & THE GRID — ELECTRICAL ENGINEERING & ENERGY
SYSTEMS

Essential Questions:
e How does the electricity generated by solar panels become usable power?
o Whatis the electrical grid and how do distributed energy systems connect to it?

o What are the engineering challenges of integrating renewable energy?

SmartFlower Connection:

The SmartFlower contains an integrated inverter that converts DC output from the solar panels to AC power at 50 Hz or 60 Hz.
It supports multiple grid configurations: single-phase UL 208V/240V, single-phase 220V/230V, and three-phase 220/380V or
230/400V. Grid connection requires circuit breakers rated at 20A (UL 208/240V) or 16A (220/230V and three-phase). The
system self-consumes approximately 400 kWh/year for its own tracking and control operations.

Unit 5.1 — Fundamentals of Electricity
e \oltage, current, resistance, power (Ohm's Law, power equations)
e DCvs. AC: waveforms, frequency, amplitude, phase
e Why solar panels produce DC and why the grid uses AC
e Series and parallel circuits — connecting to the 12-module, single-string array configuration

e Measuring electrical quantities with multimeters and oscilloscopes

Unit 5.2 — Power Conversion: The Inverter
e What aninverter does: DC to AC conversion
e Basicinverter topologies (H-bridge concept)
e Sine wave, modified sine wave, and pure sine wave inverters

e  Maximum Power Point Tracking (MPPT): how the inverter optimizes the operating point of the solar array



e The SmartFlower's integrated inverter: advantages of integration vs. external inverter

e Efficiency losses in conversion and their impact on net energy output

Unit 5.3 — The Electrical Grid: Structure and Standards
e How the electrical grid works: generation = transmission - distribution > consumption
e Grid voltage and frequency standards worldwide (50 Hz vs. 60 Hz, voltage levels)
o  Why the SmartFlower offers multiple grid settings for different regions
e Single-phase vs. three-phase power: what they are, when each is used, and why
e Phase diagrams and phasor representation (advanced)

e Electrical codes, certifications (CE, UL), and why they matter for safety

Unit 5.4 — Net Metering, Energy Independence, and the Economics of Solar
e How grid-tied solar systems export excess power
e Net metering policies and feed-in tariffs
e The SmartFlower's energy balance: 4,000-6,500 kWh generated minus ~400 kWh self-consumption = net contribution
e Calculating payback period, levelized cost of energy (LCOE), return on investment
e Comparison: SmartFlower (2.5 kWp all-in-one) vs. equivalent rooftop array — cost, output, flexibility, aesthetics

e  Off-grid applications: the optional cell network kit and remote location installations

Unit 5.5 — Electrical Safety and Wiring
e Circuit protection: fuses, circuit breakers (20A and 16A ratings from the SmartFlower specs)
e Grounding and protective earth (PE) connections
e Reading the SmartFlower's electrical connection specifications: 1~ NPE (L1, L2, N, PE), 3~ NPE (L1, L2, L3, N, PE)
e Wiring diagrams and schematics
e Safety protocols for working with electrical systems

e Hands-on: students wire a low-voltage solar panel to a charge controller, battery, and inverter (safe, scaled-down
version)

STRAND 6: MATHEMATICS OF OPTIMIZATION

Essential Questions:

e How do we use mathematics to model, predict, and optimize energy systems?



e What mathematical tools quantify the SmartFlower's advantage over fixed panels?

e How does data analysis reveal patterns and inform engineering decisions?

SmartFlower Connection:

Every aspect of the SmartFlower involves mathematical optimization: the geometry of sun tracking (maintaining 90°
incidence), annual energy production modeling (4,000-6,500 kWh range), wind speed thresholds (13 m/s, 17.5 m/s), system
dimensions and structural calculations (~1,540 lbs supported across a 17' x 17' footprint), and the 40% efficiency gain claim.

Unit 6.1 — Geometry of Solar Angles
e Spherical geometry and coordinate systems (horizon coordinates: altitude and azimuth)
e Solar declination as a function of day of year (sinusoidal model)
e Hourangle and solar time
e Calculating solar elevation and azimuth for any location, date, and time
e Lambert's Cosine Law: energy captured = Irradiance x Area x cos(8), where 0 is the angle of incidence

e Mathematical proof: why 90° incidence (8 = 0°, cos(0°) = 1) maximizes energy capture

Unit 6.2 — Quantifying the Tracking Advantage
e Modeling daily energy capture for fixed-tilt vs. single-axis vs. dual-axis systems
e Integration: total daily energy as the integral of instantaneous power over time
e Comparing areas under the curve for different mounting strategies
e \Verification: does the math support the 40% improvement claim? Under what conditions?

e Sensitivity analysis: How does latitude affect the tracking advantage? Season? Cloud cover?

Unit 6.3 — Statistical Analysis of Production Data
e Usingreal SmartFlower monitoring data (collected in Strand 2, Unit 2.5)
e Descriptive statistics: mean, median, standard deviation of daily/monthly production
e Correlation analysis: production vs. temperature, production vs. day length, production vs. cloud cover
e Regression modeling: predicting daily output from weather variables
e Time series analysis: seasonal trends, identifying anomalies

e Data visualization: creating meaningful charts and dashboards

Unit 6.4 — Structural and Dimensional Mathematics

e Area calculations: total active solar area of 12 petal-shaped modules



e Stress and load calculations: how does a 1,540 lb system supported on a central pedestal handle wind loads?
e Torque calculations for the tracking motors: force x distance for each petal at full extension
e Foundation engineering basics: why 4 fastening points at 950mm x 950mm spacing? Soil bearing capacity

e Scale and proportion: interpreting engineering drawings (bottom view, foundation plans from the spec sheet)

Unit 6.5 — Optimization and Decision Mathematics

e The self-consumption problem: the system uses ~400 kWh/year to power itself — what percentage of output is this?
How does this vary by location?

e Wind threshold optimization: why 13 m/s and 17.5 m/s? Modeling the trade-off between lost production time (folded
during wind) vs. structural damage risk

e Adjustable threshold analysis: the spec allows adjustment from 5-13 m/s — students model the production impact of
different threshold settings for their local wind climate

e Cost-benefit analysis and break-even calculations

STRAND 7: DESIGN, SUSTAINABILITY & THE FUTURE

Essential Questions:
e What does it mean to design sustainably?
e How do we evaluate the true environmental impact of a "green" technology?

e How can the principles embedded in the SmartFlower inspire the next generation of solutions?

SmartFlower Connection:

The SmartFlower has received the Red Dot Design Award, the Sustainable Entrepreneurship Award, the Green Good Design
Award, the Verbund-E-Novations Award, and the Hong Kong Green Building Award. It features self-cleaning panels (reducing
maintenance), convection cooling (maintaining efficiency without external energy input), and a design philosophy that
prioritizes elegance, simplicity, and visibility as a sustainability statement.

Unit 7.1 — Design Thinking and Human-Centered Design
e The design thinking process: Empathize > Define > Ideate > Prototype > Test

e Analyzing the SmartFlower through a design thinking lens: Who is the user? What problem does it solve beyond just
generating electricity? Why does aesthetics matter for a solar product?

e Award-winning design analysis: What criteria do the Red Dot Award, Green Good Design Award, etc. use? How does
the SmartFlower meet them?

e Therole of visibility in sustainability: the SmartFlower as a public statement vs. rooftop panels hidden from view



Unit 7.2 — Life Cycle Assessment and Environmental Impact

e Whatis a life cycle assessment (LCA)? Stages: raw material extraction > manufacturing > transportation » use » end
of life

e Materials analysis: silicon for solar cells, aluminum and steel for structure, glass for panel covers, electronics, motors

e Energy payback time: How long must the SmartFlower operate before it has generated more energy than was
consumed in its creation?

e Carbon footprint comparison: SmartFlower vs. equivalent grid electricity from fossil fuels
e Shipping and logistics impact: system weighs ~1,950-2,095 lbs for shipping — what is the transportation carbon cost?

e End-of-life considerations: recyclability of components, e-waste challenges

Unit 7.3 — Self-Maintaining Systems: Cleaning and Cooling
e How solar panel contamination (dust, pollen, bird droppings, snow) reduces efficiency

e The SmartFlower's self-cleaning mechanism: each petal brushes against the next during folding/unfolding, wiping
surfaces clean

e Convection cooling: passive vs. active thermal management, how airflow around the elevated petal array dissipates
heat

o Temperature coefficient of solar cells: every degree above STC (25°C) reduces output — quantifying the cooling
benefit

e Comparative study: maintenance requirements and costs of SmartFlower vs. rooftop arrays vs. ground-mounted
arrays

Unit 7.4 — Resilience and Environmental Adaptation
e Designing for extreme conditions: the SmartFlower operates from -20°C to 55°C (-4°F to 131°F) and 0-95% humidity
e Wind resilience engineering: the graduated response system (tracking > SIPO1 > SIPO2)

e Analyzing the safety positions from the spec diagrams: SIPO1 (partially folded, lowered profile), SIPO2 (fully stowed,
minimum wind cross-section at ~10'/3m height)

e Comparing to other renewable energy resilience strategies (wind turbine feathering, hurricane-rated solar racking)

e Climate adaptation: how would curriculum students configure the adjustable wind threshold for their specific region?

Unit 7.5 — Capstone Designh Challenge: The Next SmartFlower
e Students workin interdisciplinary teams to design an improved or next-generation biomimetic energy system

e Mustincorporate: biomimetic inspiration, renewable energy capture, robotic/kinetic elements, sensor-driven
intelligence, sustainability considerations

e Design constraints provided (budget, size, target energy output, environmental conditions)



e Fullengineering design process: research > concept generation > analysis > detailed design > prototype (physical or
digital) > testing > presentation

e Students present to a panelincluding (when possible) community members, engineers, or SmartFlower
representatives

e Evaluation rubric covers all seven strands of the curriculum

IV. CROSS-CUTTING THEMES

These themes are woven throughout all seven strands rather than isolated in any single unit:
A. Systems Thinking
e Understanding that the SmartFlower is greater than the sum of its parts

e |dentifying subsystem interactions (e.g., how the cooling system affects electrical output, how the tracking system's
energy consumption affects net production)

e Recognizing emergent behaviors in complex systems

B. Engineering Design Process
e Presentin every strand through iterative design challenges
e Emphasis on constraints, trade-offs, testing, failure analysis, and refinement

e Documentation practices: engineering notebooks, technical drawings, specifications

C. Data Literacy
e Collecting, organizing, analyzing, visualizing, and communicating data
e Statistical reasoning and evidence-based argumentation

e Using the SmartFlower's monitoring system as a continuous, authentic data source

D. Scale and Proportion
e Moving between micro (solar cell physics) and macro (grid integration) scales
o Translating between classroom-scale prototypes and full-scale engineering systems

e Understanding orders of magnitude in energy, power, and physical dimensions

E. Ethics and Equity in Technology
e Who has access to solar technology and who does not?

e Environmental justice and the siting of energy infrastructure



The cost of the SmartFlower vs. other solar options — what does "elegant" sustainability cost?

Global perspectives: how does renewable energy access differ across nations and communities?

Assessment Type

Observation Journals

Technical Reports
Design Portfolios
Hands-0n Build
Challenges
Mathematical Modeling
Presentations &
Defenses

Collaborative Problem-
Solving

Reflective Essays

V. ASSESSMENT FRAMEWORK

The curriculum employs a multi-modal assessment approach aligned with each strand:

Description

Students maintain ongoing observation logs of the SmartFlower's behavior
across seasons, weather, and times of day

Formal written analyses of data, design decisions, or system performance

Documented design process from concept through prototype with
reflection on iterations

Evaluated prototypes (solar trackers, deployable structures, loT monitors,
biomimetic designs)

Problem sets and modeling exercises using real SmartFlower data and
specifications

Students present findings or designs and respond to questions from peers
and evaluators

Assessed team challenges requiring integration of knowledge across
disciplines

Students connect curriculum learning to broader societal and ethical
questions

Applicable Strands

All

2,4,5 6

137

All (especially
Capstoneg)

All

A. Living Data Source

The on-site SmartFlower serves as a perpetual, real-time data generator for student inquiry

VI. REAL-WORLD & COMMUNITY CONNECTIONS

Seasonal comparisons enable longitudinal studies spanning an entire academic year or multiple years

Virtual or in-person interactions with SmartFlower Solar engineers, designers, and installers

B. Industry and Professional Connections

Connections to local solar installers, utility companies, and electrical engineers

Partnerships with university engineering and environmental science departments



C. Community Engagement

e Students create informational displays, videos, or tours explaining the SmartFlower to school visitors, parents, and
community members

e Student-generated data dashboards displayed publicly (lobby screens, school website)

e Student-led advocacy: using data and knowledge gained to propose additional sustainability initiatives for their
school or community

D. Competitions and Showcases

e  Student projects from the capstone and strand challenges can be entered into science fairs, engineering
competitions, and maker showcases

e SmartFlower data analysis projects can be submitted to data science and statistics competitions

VIil. RESOURCE AND TECHNOLOGY REQUIREMENTS

Category Resources
Primary Asset On-site SmartFlower unit with active remote monitoring and network connection

Monitoring & Data Access to SmartFlower monitoring app/dashboard; supplementary weather station (temperature, wind,
irradiance, cloud cover)

Electronics & Microcontrollers (Arduine, Raspberry Pi); servo motors: sensors (LDRs, photodiodes, anemameters,
Robotics thermistors); breadboards and wiring supplies
Solar & Electrical Small solar panels (IW-10W for student experiments); multimeters; small inverters; LED loads; charge

controllers; rechargeable batteries
Fabrication 3D printers; laser cutters (if available); hand tools; cardboard, foam core, and wood for prototyping

Software Arduine IDE or similar: Python or spreadsheet software for data analysis: CAD software (TinkerCAD, Fusion
360, or similar); solar position calculators/simulators

Reference SmartFlower technical specifications (provided); textbooks and online resources on solar energy, robotics,
Materials biomimicry, electrical engineering

Safety Equipment Safety glasses; appropriate PPE for electrical work; secured workspace for tools

VIiIl. STANDARDS ALIGNMENT MAPPING

The framework is designed to align with the following standards frameworks (specific alignment to individual performance
expectations to be detailed during lesson planning):

e Next Generation Science Standards (NGSS): Disciplinary Core Ideas in PS3 (Energy), PS4 (Waves), LS1
(Structures and Processes), ESS3 (Earth and Human Activity); Science and Engineering Practices; Crosscutting
Concepts



e ISTE Standards for Students: Empowered Learner, Knowledge Constructor, Innovative Designer, Computational

Thinker, Creative Communicator

¢ Common Core State Standards — Mathematics: Mathematical Modeling, Statistics and Probability,

Geometry, Functions

e Common Core State Standards — ELA: Technical Writing, Argumentation, Research

e NGSS Engineering Design Standards: ETS1.A (Defining and Delimiting Engineering Problems), ETS1.B
(Developing Possible Solutions), ETS1.C (Optimizing the Design Solution)

IX. DIFFERENTIATION AND ADAPTABILITY
Grade Level Adaptability:

¢ Middle School (Grades 6-8): Emphasis on Strands 1, 2 (conceptual level), 3, and 7. Simplified mathematics.

Hands-on builds prioritized. Observation and descriptive data analysis.

o High School (Grades 9-12): Full curriculum accessible. Advanced mathematical modeling in Strand 6. Deeper
physics in Strands 2 and 5. Programming and loT projects in Strand 4. Rigorous capstone design.

o Advanced/AP/IB: Extended investigations using calculus-based physics, advanced statistics, original research
questions, and publishable data analysis from the SmartFlower monitoring system.

Course Integration:

e Physics: Strands 2,5, 6

e Biology/Environmental Science: Strands 1, 7

e Computer Science/Robotics: Strands 3, 4
o Mathematics: Strand 6 (plus quantitative components of all other strands)

e Engineering/Technology: Strands 3, 5, 7

e Dedicated STEM Elective: All strands, full sequence




X. FRAMEWORK TIMELINE OVERVIEW

Quarter [ Semester Strands Covered Culminating Activity

a1/ Semester 1A Strand 1 (Biomimicry) + Strand 2 (Solar Biomimetic design concept + Solar cell experiment report
Science)

Q2 | Semester 1B Strand 3 (Robaoties) + Strand 4 Functional student-built solar tracker with sensor-driven control

[Sensors & Data)

Q3 / Semester 2ZA Strand 5 (Electrical/Grid) + Strand 6 Comprehensive data analysis report using full-year SmartFlower
(Mathematics) data + Wiring lab

Q4 [ Semester 2B Strand 7 (Design & Sustainability) + Capstone Design Challenge: "The Next SmartFlower" — full
Capstone presentation and prototype

Note: Ongoing data collection from the SmartFlower begins Day 1 and continues throughout the entire curriculum, feeding into
progressively sophisticated analyses.

Xl. SUMMARY

This curriculum transforms the SmartFlower from a campus amenity into the centerpiece of an integrated STEM education
experience. By anchoring abstract concepts in a tangible, observable, data-generating system that students can see, touch,
and interrogate every day, the curriculum bridges the gap between classroom learning and real-world engineering. Students
emerge not just understanding solar energy, robotics, biomimicry, and data science as isolated subjects — they understand
how these disciplines converge in the design of intelligent, sustainable systems, and they carry forward the skills and mindset
to create the next generation of such solutions.

Prepared for curriculum review and development. This document serves as the comprehensive curricular outline from which
detailed unit plans, lesson plans, activity guides, and assessment rubrics may be developed.



