This New House

At a Glance: This New House
Author:  Janel Holcomb

Grade level, subjects:  10th grade math/chemistry

Essential questions:  “How does human habitation affect the environment?”  “How can a home be designed to have minimal impact on the environment?”
Duration:  8 weeks

Description:  In a study of sustainable architecture, students work in pairs to create a scale site plan, scale floor plans, scale exterior elevations, a scale architectural model of the home, and a pamphlet explaining the design.

CA standards/domains:  Geometry, Chemistry 
Assessments:  Rubrics and regular critiques are used to assess architectural designs, blueprints, and scale models, brochures, and student presentations.  

About the Author

Janel S. Holcomb is now in her fifth year at High Tech High.  During her first year, she volunteered at the school part-time, tutoring students and helping to design curriculum.  Since then she has taught 9th grade Math/Physics and 10th grade Math/Chemistry.  Janel holds a B.S. in Chemical Engineering from Rensselaer Polytechnic Institute and an M.Ed. and Teaching Credential from the University of San Diego. She has worked as a chemical engineer for companies such as Plug Power, Inc. developing residential fuel cells, Vicor, Inc. as a Process Engineer, and Honeywell, Inc. as an Environmental, Health, and Safety Engineer.  

Project Overview 

“This New House” is an integrated math-chemistry project spanning eight weeks.  During that period, most class time (daily two-hour blocks) is spent working towards the project’s goal: designing a house using principles of sustainable architecture.  The essential questions are: “How does human habitation affect the environment?” and “How can a home be designed to have minimal impact on the environment?”  These are addressed through a study of sustainable architecture.  

In this project students learn the key stages of the design process. They work in pairs to design a home for a four-person family given design constraints such as maximum square footage and a quarter-acre plot of land.  The major components of the project are a scale site plan, scale floor plan(s), scale exterior elevations, a scale architectural model of the home, and a brochure/pamphlet explaining the design of the home.

The design work must begin early, since frequent revision is essential to the project.  The classroom quickly becomes a studio where formal and informal student critiques are held and where improvements are made through research and continuing examination of the design goals.  All drawings begin as sketches that evolve into small-scale pencil drawings on graph paper.  Upon completing these sketches, students begin drawing blueprints, then proceed to model building. 
Products

Students will produce each of the following:

1. Architectural Drawings

a. Blueprint of site plan

b. Blueprint of floor plan(s)

c. Blueprint of exterior elevations

2. Scale architectural model of design

3. Brochure/pamphlet explaining design

Learning Goals

Students will understand:

1. How over-development affects the local environment

2. How one can heat and cool a home using passive solar design in any climate

3. How the angle of the sun at different hours, seasons, and latitudes affects the temperature of the home

4. How the specific heat of a material affects the temperature of a home

5. How thermal mass can be used to control the inside temperature

6. How changing the dimensions of a space affects the area, surface area, and volume

7. How the area of window glazing on various walls affects the temperature of a home

Students will be able to:

1. Design a home that has minimal impact on the environment and can be built to last using sustainable materials and smart design

2. Build a scale model of a real building

3. Implement multiple features in an overall design and evaluate trade offs

Content: Topics Addressed

Throughout the project, students learn about:

1. Photovoltaics (PVs) as an Energy Source

a. History of PVs

b. Home energy use

c. Basic design & function

2. Passive Solar Design

a. Fourteen basic principles of design

b. Roof overhang calculations

c. Exterior window glazing

d. Thermal mass

3. Mathematics

a. Area of polygons and asymmetrical shapes

b. Surface area of spheres, prisms and other 3D objects

c. Calculating Volume of spheres, prisms, and other 3D objects

d. Scaling factors & scale drawings

e. Balancing a budget

f. Using Excel for spreadsheets & calculations

g. Special right triangles

h. Sine, cosine, tangent, cosecant, secant, and cotangent calculations

4. Architecture

a. Drawings: site plans, floor plans, exterior elevations

b. Symbols for drawings

c. Process of model-building

Standards Addressed in This New House Project

California Content Standards, Geometry:

5.0 - ... use the concept of corresponding parts of congruent triangles

7.0 - ...use theorems involving...the properties of quadrilaterals and the properties of circles.

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. 

11.0 - Students determine how changes in dimensions affect the perimeter, area, and volume of common geometric figures and solids. 

15.0 - Students use the Pythagorean Theorem to determine distance and find missing lengths of sides of right triangles.

18.0 - Students know the definitions of the basic trigonometric functions defined by the angles of a right triangle.  They also know and are able to use elementary relationships between them.

19.0 - Students use trigonometric functions to solve for an unknown length of a side of a right triangle, given and angle and a length of side.

20.0 - Students know and are able to use angle and side relationships in problems with special right triangles such as 30-60-90 and 45-45-90 triangles.
Standards Addressed in This New House Project

California Content Standards, Chemistry:
3.a. Students know how to describe chemical reactions by writing balanced equations.

3.b. Students know the quantity of one mole is set by defining one mole of carbon 12 atoms to have a mass of exactly 12 grams

3.c. Students know one mole equals 6.02x10^23 particles (atoms or molecules). 

3.d. Students know how to determine the molar mass of a molecule from its chemical formula and a table of atomic masses and how to convert the mass of a molecular substance to moles, number of particles, or volume of gas at standard temperature and pressure.

4.b. Students know the random motion of molecules explains the diffusion of gases.

4.c. Students know how to apply the gas laws to relations between the pressure, temperature, and volume of any amount of an ideal gas or any mixture of ideal gases.

4.e. Students know how to convert between the Celsius and Kelvin temperature scales.

4.f. Students know there is no temperature lower than 0 Kelvin.

4.g. Students know the kinetic theory of gases relates the absolute temperature of a gas to the average kinetic energy of its molecules or atoms.

4.h. Students know how to solve problems by using the ideal gas law in the form PV=nRT

4.i. Students know how to apply Dalton’s law of partial pressures to describe the composition of gases.

7.a. Students know how to describe temperature and heat flow in terms of the motion of molecules (or atoms).

7.b. Students know chemical processes can either release (exothermic) or absorb (endothermic) thermal energy.

7.c. Students know energy is released when a material condenses or freezes and is absorbed when a material evaporates or melts.

Materials/Texts/Resources 

Materials are critical to this project. It is best to have a class supply so that all work can be done in the classroom and all students have access to the same quality materials.  The investment is worth it!  As they begin drawing blueprints and building models, students will be constantly using the math they have learned.

	8.5x11 graph paper

8.5x11 & 11x18 blank paper

Drafting paper

Tracing paper

Paint
	Drafting tape 

Foam board (1/4” & 3/8”)

Matte board

Cutting mats

Paint brush (bristle & sponge)
	Exacto knives 

Glue (Elmer’s or Tacky)

Balsa wood strips

Balsa wood sticks 

Paint tray


We found many helpful resources at a local bookstore in the architecture section.  There are many books out there; here are some that proved quite useful:

Chiras, Daniel. The Solar House: Passive Solar Heating and Cooling. White River Junction, VT: Chelsea Green, 2002.

Mostaedi, Arian. Sustainable Architecture, Low Tech Houses. Corte Madera, CA: Gingko Press, 2002.

Palincsar, A. and A. Brown, Interactive Teaching to Promote Independent Learning from Text, Reading Teacher, 39-8, April 1986.

Strong, Steven.The Solar Electric House. Still River, MA: Sustainability Press, 1993.

Trulove, James. The Smart House. New York: Hearst International, 2002.

Wiggins, Glenn. A Manual of Construction Documentation. New York: Watson-Guptill, 1989.

To design the roof overhang, students consulted the following website: http://www.susdesign.com/sunposition/index.html. They used the angle of the sun at different times of year to calculate the length of the roof overhang based on principles of passive solar design.  Trigonometry was required for these calculations.

Project Activities

Timeline

	WEEK
	MATH 
	CHEMISTRY
	DELIVERABLES

	1
	Architectural drawings (basics)
	Sustainable design, case studies
	(Project intro)

	2
	Scaling factors and scale drawings
	Photovoltaics and energy
	

	3
	Scaling factors and scale drawings (continued), budgeting
	Passive solar design and energy
	First draft drawings due, student presentations on passive solar design

	4
	Area, surface area, volume, creating spreadsheets 
	Passive solar design and energy (continued)
	Second draft drawings due

	5
	Area, surface area, volume, creating spreadsheets (continued)
	
	Spreadsheet and 8.5x11 in scale drawings due; gallery walk of drawings

	6
	Right triangles and trigonometry, roof design
	
	Site plan due

	7
	Right triangles and trigonometry, roof design
	Draft pamphlet and model presentations
	Floor plans due

	8
	
	Pamphlet and model presentations
	Final pamphlet and models due


Project Narrative

 (Author note:  I piloted this project in the spring of 2005.  The following description offers a detailed look at how the project evolved.) 

Week One 

The project begins by giving students the project sheet (Appendix I.1.3) and breaking students into their project groups (pairs whenever possible).  During the first week, we focus on the basics of sustainable design and architectural drawings.  Students learn about existing houses that use sustainable design by completing case studies of houses (template for case study, Appendix I.1.2) described in James Trulove, The Smart House and Arian Mostaedi, Sustainable Architecture, Low Tech Houses.  They learn about site plans, floor plans, and exterior elevations by looking at real examples (available in Glenn Wiggins, A Manual of Construction Documentation) and drawing sketches of each type.  We then complete sketches for the floor plan of the school, exterior elevations of nearby buildings, site plans of the school, and floor plans of students’ homes.

Week Two

We begin to construct scale drawings in math class.  Students learn more about energy consumption in homes and alternative energy forms. We study photovoltaics through a reading from Steven Strong, The Solar Electric House and a related worksheet (Appendix I.1.3). The teacher and students engage in reciprocal teaching (Palincsar and Brown, 1986), jointly summarizing and generating questions from the text in small groups during class time. This process allows the teacher to introduce and model literacy skills (e.g., previewing, scanning, summarizing, questioning, predicting) with students of varying reading abilities. 

Week Three 

Students begin to generate ideas for their designs, observing requirements specified in the Architectural Design Rubric (Appendix I.2.1). They are given a list of items they can purchase using their class “bank accounts” in order to begin their design sketches (Appendix I.1.5). They learn about balancing budgets, writing checks, and keeping bank records in two brief sessions (Appendix I.1.5).  We study passive solar design with a reading from Daniel Chiras, The Solar House: Energy for Environmentally Responsive, Energy-Independent Home.  Working in their teams, students become experts on one of the 14 principles of passive solar design and create presentations to give to the class.  Each group then gives their presentation over a two-hour period and fills out a note sheet (Appendix I.1.4).  This process is part of preparing their first official draft of their floor plans, due at the end of the week.

Week Four 

We begin with peer critiques of the architectural drawings based on the Architectural Design Rubric. Each group critiques another group’s drawings so the feedback could be incorporated into the next stage of design.  In math we focus mostly on geometric calculations of area, surface area, and volume, so that students can transform their first drafts of floor plans and site plans into accurately scaled drawings.  Students also begin to envision the exterior of their homes by drawing exterior elevations. The challenge here is to place windows in the design while observing the requirements of a passive solar home. This process requires many area and surface area calculations. During the week, we hold many student-teacher conferences to be sure that all designs are on the right track.  By the end of the week, another set of drawings is due (minimum second draft of floor plans & site plans; first draft of scale exterior elevations with calculations of window glazing).

Week Five

We begin with a gallery critique of drawings where each group hangs up their most recent drafts and everyone walks around the room with sticky notes to give helpful and critical feedback.  The design rubric is again used as the basis for the critique.  The bulk of this week is spent on perfectly scaling all architectural drawings to a scale that fits an 8.5” x 11” sheet of graph paper.  Students revise and complete calculations on Excel and draw and re-draw each design.  The requirements for this big deadline are listed in the rubric “Area Calculations of Lot, House, and Interior” (Appendix I.2.2), distributed during the 3rd or 4th week of the project.  Many student-teacher conferences are held to keep groups on track and help them reach highest quality work.  By the end of the week, spreadsheets are submitted electronically, and scale drawings of site plan, floor plan, and exterior elevations are submitted on 8.5” x 11” graph paper.

Week Six 

Groups who have completed all requirements began making their blueprint scaled site plans and floor plans using the Blueprint Rubric (Appendix I.2.3).  This requires further use of Excel and the purchase of more materials from the class supply.  In math, work begins on designing roofs and roof overhang using trigonometry and right triangles.  For a great resource, see http://www.susdesign.com/sunposition/index.html. Students plug in the latitude of their site and find the smallest and greatest angle that the sun reaches during the year.  Several mini-math lessons focus on trigonometry, special right triangles, and using these to calculate overhang.  We also revisit the importance of overhang in passive solar design.  Using this information, students eventually calculate the optimum length of overhang for their model’s roof. The final blueprint of the site plan is due by the end of the week.

Week Seven

Students continue drawing floor plan blueprints and begin to construct models.  Exterior elevations are drawn to the scale of the model in order to aid in the cutting of sides of the home.  Every class is spent drawing, cutting, gluing, and building, with many conferences and critiques intertwined.  An architect from a local firm visits each class this week to give hints and tips on building models.  Also, students are given the rubric for their pamphlet (Appendix I.2.4) and the requirements for their presentation at the school-wide Exhibition (Appendix I.1.7).  Floor plan blueprints are due by the end of the week.

Week Eight

The final week is full of excitement.  Students place the finishing touches on their models, complete draft and final versions of their pamphlets, and present their work to the public.  At the school-wide exhibition they display all blueprints, the architectural models, and pamphlets. On the day after exhibition, students engage in reflection activities and relish in their accomplishments.

Supporting Diverse Learners 

This project offers a great context for supporting students with different learning styles, needs, interests, strengths, and weaknesses.  Working in teams, students are able to support each other, learn from one another, and teach each other. Students have to create designs, draw blueprints, build models, write pamphlets, solve problems, complete calculations, plan and organize for project management, troubleshoot computer calculation problems, apply new knowledge to unique situations, read resource materials, and communicate with others.

A variety of reading/literacy techniques may be used for the various project readings.  We used reciprocal teaching to decipher challenging technical texts and jigsaws for especially long readings, where students would become experts on a passage or subject and teach each other.

Exemplars offer another key support.  Professional architecture models are displayed in the class from the beginning, and students complete case studies of existing projects.  These allow students to visualize what they are working toward.  Perhaps the greatest support, though, is ongoing assessment and close communication between teachers and students.

Assessment

One of the keys to executing this project is ongoing or formative assessment.  Student success depends on close monitoring of progress from the teachers, so it helps to include this as part of the assessment plan!  Rubrics are used for each major deliverable. These are distributed very early in the project so students can use them to guide their work.  The first rubric the students receive is the “Architecture Design Rubric” (Appendix I.2.1).  The students use this as they put their first design ideas on paper.  Rubrics for Area Calculations of Lot, House, and Interior (Appendix I.2.2), Blueprint (Appendix I.2.3), and Pamphlet (Appendix I.2.4), are given as the assignment is introduced so that students can follow it as they work.  Each of these rubrics is used for scoring the product when it is submitted.

In this project there are many steps to keep track of. From the beginning, a chart on the wall lists each team in the left column and each step of the project across the top.  When teams finish a certain part, they stamp the chart.  At any time, students can see where they are, what they need to complete next, and how their progress compares to that of other teams.  At every team meeting, the first talking point is, “Is the team on target to finish on time?  If not, what must be done to get back on track?”

The teacher keeps another chart tracking all project components, similar to the stamp chart described above. As teams complete components, they explain who completed each part.  This chart helps track how well teams are sharing the workload and makes it easy to document imbalances in work distribution.

Team meetings or “check-ins” are held almost daily during project work.  While students are working away, teams are called individually to check in with the teacher.  During these meetings, all of the following should be reviewed: progress towards meeting deadlines, rough drafts of work, quality of work, meeting rubric requirements, balance of group work, communication between teammates, etc.  These meetings keep everyone on track, identify problems before they become large, and uncover great examples of work that teams can learn from.

Finally, critique sessions offer an extremely helpful assessment tool to help students perform to their highest level.  We use many types of critique in this project, including peer-to-peer critiques, gallery critiques, and feature critiques.  For each of these, the rubrics are used as a starting point.  Whatever the format, the guidelines for students are that feedback must be kind, specific, and helpful.  Peer-to-peer critiques are set up so that the teams are paired, reviewing one piece of work from each other’s team.  During gallery critiques, each team posts a piece of the work in the room and the class spends 15-20 minutes walking around the “gallery” writing feedback on sticky-notes and posting it with the work.  Students are asked to focus their feedback on various parts of the rubric.  Finally, feature critiques are used to highlight one particular piece of work a team has created.  The piece of work selected is never “perfect” but should serve as a good example for others to learn from.

The bottom line is that assessment is ongoing, so that when the rubrics are submitted with the final product, students are practically able to grade their own work.  This summative assessment becomes merely a final piece to complete the cycle of formative assessments.

Teacher Reflections 

What Went Well:

The students loved this project!  It was fantastic for reaching students of all academic levels and personal interests.  Students who had struggled through projects in the past were highly engaged and developed greater math and problem solving skills, developed the ability to apply knowledge to unique situations, found ways to meet deadlines, and completed good quality work.  The highest level students were challenged and created incredible products worthy of college-level architecture work.  “This New House” was also very fun as a teacher.  Rather than being an expert whom the students look to for all the answers, the teacher acts as a consultant and project manager.  But the ideas come from within the students and from the first day of design development you will notice the students drawing, thinking, discussing, debating, measuring, cutting, painting, building, and running around to get their work done!  It’s intense, but well worth it.  Also, providing the materials for the students to make the blueprints and models was one of the best parts of this project.  It allowed students to make great products regardless of how much money they have to spend on materials and how much help they get at home.  The best work was completed in class by the students.

What I Would Do Differently:

There can be much more chemistry taught in this project - I taught moles and gases at the beginning and end of the project, but it could have been integrated much better (I haven't included these worksheets because of that).  Also, after talking with architects who saw the students’ work, I would have required one scale for all the models, rather than letting them choose the scale.  Doing this would make it easier to help students with problems and check work for errors.

What this project might look like with greater curriculum integration:

For its second run, this project will be integrated with a humanities class.  We will study the Industrial Revolution, the move from agrarian to urban society, changes that took place in construction, technology that was developed in that era, and the cultural and environmental effects of the Industrial Revolution. Fast-forwarding to the present day, we will examine current legislation about the environment and global energy use.  Chemistry will focus on building materials used during the Industrial Revolution and today, pollution, fossil fuels versus alternative energy, and basic thermodynamics.

The products will be nearly the same, but instead of building individual houses, the entire class will design an eco-friendly and sustainable city that shows influence from the Industrial Revolution but would be fit for tomorrow’s standards.  Once the class determines the layout of the city, each team will design an area (a mall, park, school, community center, house, apartment building, commercial center, etc.) using the same techniques and skills as in “This New House.”  Also, the students will create an advertising campaign for their project, which will engage them in the study of media and design.  In the end, students will present their work to a town board to receive feedback on how their city plan would hold up in the real world.
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