Urban Art Project ● DRAFT 3/06

Urban Art Project

At a Glance: Urban Art Project

Author:  Alfred Solis

Grade level, subjects:  9th grade math and physics

Essential question:  How do math and science influence artistic expression? 

Duration:  3-4 weeks (model design only)

Description:  In small groups, students build a scale model of a tree design for a citywide Urban Art project.  In addition to the model, the team creates detailed instructions for how they built the tree and how it will remain stable in the outdoors in order to demonstrate their application of math and physics concepts.  

CA standards/domains:  Physics, Geometry
Assessments:  Grading criteria were established in rubrics, and students reflected on the project in their digital portfolios.  Regular check-ins with individual students and small groups and traditional quizzes also helped with the assessment of this project.


Tri Cali Tree, created by HTH students Sharayah Lupton, Jennifer Newkirk & Anna Vacchi
About the Author

Alfred grew up in San Diego amongst myriad Filipino navy families.  He went to college at Cal Poly San Luis Obispo where he graduated with Honors in Mechanical Engineering.  Before joining the faculty of High Tech High, Alfred was a business/internet consultant for Andersen and also worked for a Bay Area Venture Fund.

Project Overview

The goal of the Urban Art Project is to help students promote their artistic and academic work to a diverse audience by displaying public artwork.  The Public Art Program for the Port of San Diego was willing to partner for this particular example where the students made Urban Trees.  Please visit www.portofsandiego.org for more information.

The essential question for this project is, “Do math and science influence artistic expression?”  Most students would agree that it is important for them to express themselves in one way or another.  When looking at an art piece wrapped in subjectivity, students rarely see the structure of objectivity provided by math & physics.
Products (Scope of Work, Deliverables, Requirements)

Scope of Work

One team (two students) out of 24 teams will be selected by the Urban Tree Committee to potentially create a FULL SCALE art piece from their model design.  The following materials & tools will be provided to create a model:

· One (1) 5/16” x 12” Dowel for the Trunk

· One Hundred Eighty (180) 2MM x 1” Bamboo Skewer Sections for the Branches

· 2.75”/2” High Standard Terra Cotta Pot for the Base

· Box Cutters

· Glue Gun with Glue Sticks
Deliverables
3-D Model – Students will be creating a 3-D model (1 inch = 1 foot) of their proposed “Urban Tree” design and attach it to a 12”W x 12”L x ½”H square mounting board.

Labeling – A single page with Tree Name, Team Names, and explanation of the concept (artistic description, math/physics principles covered), including an asking price (if artwork were available for purchase).

Instructions – Step by step instructions on how to build the tree with the proposed FULL SCALE materials. The Overall Dimensions, Wind Load Calculations (See Below), and proposed Bill of Materials (BOM) should also be covered.

Requirements

The Urban Tree can be tall and cylindrical in shape, wide with a canopy on top – or a combination of both!  A minimum of 7’ clearance must be maintained for pedestrians to walk underneath the tree wherever it extends beyond the width of the 4' base.  On campus engineers will review the design for safety and recommend modifications to students if necessary.

“Urban Tree” art may take many forms.  To remain stable in windy conditions, the projected area of the artwork must be limited.  Projected areas for several tree art types are shown on www.portofsandiego.org.

Additional Project Requirements Created by the Teacher:

· ALL branches must form triangles with a few exceptions (i.e. Orthogonal pieces and polygon voids)

· No other material is allowed unless given permission.

· Painting the pieces is also an option and recommended, but should be detailed in the Bill of Materials (BOM)

Wind Load Calculations
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= center of projected artwork area (Estimate)
H = height of center above ground (feet)
Limitations: the estimated square feet of the projected artwork area multiplied by the height at the center shall not exceed 216.
Formula: square feet (AxB) X Height (H) = 216
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Learning Goals

The following Math & Physics concepts will be covered to allow the students to give shape and meaning to their design ideas.

Math

· Trigonometry

· Pythagorean Theorem

· Special Triangles

· Similar and Congruent Triangles

· Equilateral & Isosceles Triangles

· Surface Area and Perimeter of Polygons

· Volume of Prisms

Physics

· Newton’s Laws (Statics and Dynamics)

· Forces and Loads for Different Shapes (Arch, Square, Triangle)

· Vectors

Most of these concepts will be “applied” by the students.  Students are usually surprised during execution about how many skills are involved when physically planning and creating a model.

California Standards Addressed

Geometry Content Standards

· 5.0:  Students prove that triangles are congruent or similar, and they are able to use the concept of corresponding parts of congruent triangles.
· 8.0:  Students know, derive, and solve problems involving the perimeter, circumference, area, volume, lateral area, and surface area of common geometric figures.
· 9.0:  Students compute the volumes and surface areas of prisms, pyramids, cylinders, cones, and spheres; and students commit to memory the formulas for prisms, pyramids, and cylinders.
· 10.0:  Students compute areas of polygons, including rectangles, scalene triangles, equilateral triangles, rhombi, parallelograms, and trapezoids.
· 14.0:  Students prove the Pythagorean theorem.
· 15.0:  Students use the Pythagorean theorem to determine distance and find missing lengths of sides of right triangles.
· 19.0:  Students use trigonometric functions to solve for an unknown length of a side of a right triangle, given an angle and a length of a side.
· 20.0:  Students know and are able to use angle and side relationships in problems with special right triangles, such as 30°, 60°, and 90° triangles and 45°, 45°, and 90° triangles.
Physics Content Standards
· 1c.  Students know how to apply the law F=ma to solve one-dimensional motion problems that involve constant forces (Newton's second law). 
· 1d.  Students know that when one object exerts a force on a second object, the second object always exerts a force of equal magnitude and in the opposite direction (Newton's third law).
· 1j.  Students know how to resolve two-dimensional vectors into their components and calculate the magnitude and direction of a vector from its components.
· 1k.  Students know how to solve two-dimensional problems involving balanced forces (statics).
Project Activities

Project Schedule and Narrative

Week 1
· Day 1 – Intro to Triangles

· Warm Up Question, “Where do you see triangles in your everyday lives?”

· Lecture about similar & congruent triangles and equilateral & isosceles triangles

· Paired up students and gave them a category, like sports or fashion, to create a simple 2 minute Microsoft PowerPoint presentation about triangles in that topic

· Students presented their PowerPoint presentations that same day

· Day 2 – Intro to Right Triangles

· Popsicle Stick Activity

· Teams of 4 students are given 30 popsicle sticks

· Have students use 12 popsicle sticks to create a right triangle with no overlapping sticks

· A 3, 4, 5 triangles should be the outcome

· Discuss Pythagorean Theorem

· Have student use all 30 popsicle sticks to try to come up with the 5, 12, 13 triangle

· Have them use the Pythagorean Theorem to check their formations

· Hand out assignment that covers Day 1 & 2 lectures

· Hand out Project Sheet to discuss the Urban Tree Project

· Discuss Rubric

· Day 3 – The Objectivity Within Subjectivity

· Warm up Question, “Does math & science influence artistic expression?”
· Students are paired up and are given the opportunity to discuss the project with their partners
· Set a deadline for the end of the week for the students to turn in a sketch of a tree design with a list of materials needed to complete the model
· Assignment from previous day can be worked on in class to be turned in at the end of the period
· Tutoring during lunch
· Day 4 – Intro to Trigonometry

· Lecture on sine, cosine, & tangent and 30/60/90 and 45/45/90 triangles

· Go over how to use the different types of calculators

· Hand out assignment covering sine, cosine, and tangent

· As teams finalize their designs, hand out provided materials and tools for construction, like the bamboo skewers and glue guns

· Day 5

· Check each team’s Tree Design and Gathered Materials

· Students could finish up assignment and work on project

· Students are told to email the teacher about the project so far and initial thoughts of working with their partner

· Quiz Day

Week 2
· Day 1 – Real World Connection

· If possible, take the students on a field trip to public art in the area

· The Port of San Diego gave the students a tour and also showed them submitted Urban Tree Models of 200 artists

· Students see first hand what is expected with the presentation boards

· Day 2 – Trigonometry Continued

· Lecture more about Trigonometry & Pythagorean Theorem

· Hand out more complex assignment

· Set the expectation that by the end of the week the tree should be all glued together

· During the build the students should be keep track of the steps in creating the model

· Day 3 – Windload Calculation

· Discuss the windload calculation

· Segue into Newton’s Law concerning statics and dynamics

· Introductory lecture about vectors and components

· Tutoring during lunch

· Day 4-5 – Testing Time Management

· Complete Fabrication of Urban Tree Model

· Create Instructions on Construction

· Complete more complex Trigonometry assignment by end of week

· Quiz Day
WEek 3
· Day 1 – First Out the Gates

· Hopefully a team pulls ahead over the weekend to either paint their model or work on the presentation board like Genuinely Christmas shown in the section on Sample Student Work

· Students are reminded of the deliverable due by the end of the week

· Lecture about surface area and volume

· Students could take estimates of surface area and volume on their models for the presentation board

· Allow for Team time to go over the Week’s to do’s

· Day 2 – More Physics

· Lecture about balanced weight & normal force for statics

· Show how to draw Free Body Diagrams

· Students should relate this info to their urban trees and use for presentation board

· Day 3-5 – Home Stretch

· Do a straightforward physics assignment

· Do peer critiques to review Math & Physics principles on presentation board

· Allow time for revision

· Complete Presentation Board with Artist Notes

· Potentially push back deadline for the following week to give another weekend
Post-Project Activities:

Depending on the participation from outside individuals (outside students and faculty) the following post project options are possible:

1. The students could vote for categories (Most Creative, Best Presentation, etc.) and have Student Choice Awards.

2. All the models could be put on display with a paper for onlookers to write comments.

3. The faculty could vote for the top three (3) or six (6) purely on appeal.

4. If the budget permits, then a Full-Scale model could be created with the students.  The art sculpture could be located on campus.

5. If the opportunity arises, then the Full-Scale model could be placed in a public setting approved by the City for temporary exposure.
Supporting Diverse Learners
This project is perfect for multiple ability grouping because the task could be made simple or complex depending on the team.  Creative expression thrives on diversity.  After lectures covering the complementary content standards, the high performing students could jump back on the project, while the students that need clarification on the concepts are given an opportunity to ask more questions.
Assessment

Assessments were used to check for learning of the subject matter covered and for the soft skills desired for project based teamwork.  A reflection on their digital portfolios concerning the project and their partner experience also gives insight to their progress.  See the rubric on the following page for the grading criteria.

Subject Matter Assessments

· Two traditional quizzes were given usually at the end of the week in order to determine students comfort level with the Math and/or Physics concepts. 

· Tutoring during lunch is a great way to identify and target those that need more help

· Schedule individual conferences about the subject matter after peer tutoring has been utilized

Soft Skills Assessment

· During the project, try to schedule at least 5-10 minutes with the teams to determine their overall status, which allows time management assessment

· Students are told to email from time to time concerning their progress

· Students maintain a weekly To-Do list to break out all their specific tasks

The varying weights for each of the following criteria will determine the overall score (See Rubric below):
· Use of Math Principles

· Use of Physics

· Artistic Style

· Instructions on Construction

· Compliance

· Teamwork

· Presentation

The following rubric will be used to score for grading and judging purposes.

	Criteria
	1
	2
	3
	4

	Use of Math Principles
	Use of 1 complex math principle, outside of mere triangle shapes.
	Use of 2 complex math principles, outside of mere triangle shapes.
	Use of 3 complex math principles, outside of mere triangle shapes.
	Use of 4-5 complex math principles, outside of mere triangle shapes.

	Use of Physics
	Physics is rarely used in design/presentation/inspiration.
	Physics is adequately used in design/presentation/inspiration.
	Physics is used in design/presentation/inspiration.
	Physics is clearly used often in design/presentation/inspiration.

	Artistic Style
	Limited use of creativity in design including color and artist inspiration explanation.
	Adequate use of creativity in design including color and artist inspiration explanation.
	Use of creativity in design including color and artist inspiration explanation.
	Extreme use of creativity in design including color and artist inspiration explanation.

	Instructions on Construction
	Limited use of useful images along with clear and concise easy to follow text.
	Adequate of useful images along with clear and concise easy to follow text.
	Use of useful images along with clear and concise easy to follow text.
	High use of useful images along with clear and concise easy to follow text.

	Compliance
	Followed TOO FEW Port of San Diego and Project HT requirements.
	Followed SEVERAL Port of San Diego and Project HT requirements.
	Followed MOST Port of San Diego and Project HT requirements.
	Followed ALL Port of San Diego and Project HT requirements.

	Teamwork
	Did not resolve any issues among the team.  Had problems communicating.  Unequal distribution of work.
	Could have worked better at handling problems and were sufficiently productive.  Little less equal distribution of work.
	Worked pretty well together in handling problems and were efficiently productive.  Less equal distribution of work.
	Worked extremely well together in handling problems and were incredibly productive.  Equal distribution of work.

	Presentation
	Took little pride in the details.  Work appeared rushed and was sloppily presented.
	Adequate attention to detail.  Work appeared slight rushed and could have been presented neater.
	Decent attention to detail.  Work did not appear rushed and was neatly presentable, but improvements are noticeable.
	Took pride in the details.  Work did not appear rushed and was neatly presentable.


Actual Scores for the following criteria will be doubled:

· Use of Math Principles
· Instructions on Construction
· Compliance

Teacher Reflections

The inspiration for the projects solely came from the students.  One way to integrate the project with the humanities would be to conduct research on particular artists that used similar geometric shapes, in order to foster the creative process.  In such an integration, students could also write a paper regarding their inspiration for the design and their influences.
Sample Student Work:
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Genuinely Christmas

Artists: Sam Atalla, Breanna Espe, & Eric Wu
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Ultra Twist

Artists: Phillip Lanzbom & Alvin Mangaliman
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