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	The “Green” House



Activity Overview: 
You are a member of an architectural engineering team that has been hired by a client to design and build a model of an energy-efficient and cost-efficient home that meets the following criteria. You will create a TI-Nspire document that includes all aspects of the task.
· The house should be only one story with one bedroom, one bathroom, one kitchen, and one living room.
· The design should be based on research related to energy-efficiency in home construction.
· After your team designs the house and builds the model you will need to demonstrate how energy-efficient and cost-efficient it is. This will be done by testing the model and collecting appropriate data.
· Your team will present your solution to the class using a single TI-Nspire Document.
Teams should consider the following when creating the design of the house.

· The materials used to construct the house (including insulation, walls, etc.) from the perspective of energy-efficiency and cost
· Placement of the rooms, windows, and doors

· The pitch of the roof
· Size of the house (both scale model and the actual home)

· Safety issues both related to the materials used and the construction process
Working with the model:

· Teams should test their model house to be sure that it is as energy-efficient as they planned by collecting data and analyzing the heat transfer rate through the windows and walls.
· The model home will be tested to determine a score on the change in heat transfer rate in the house and from the house to the external surroundings. This will be defined by the teacher and could be the change in temperature per cost per square meter for a given amount of time.
Teacher Preparation and Notes

· Suggested timeline: The Orientation to the problem and the formation of teams could be done in 10 or 15 minutes at the end of class one day. The EDP Card-Match activity should take about 10 minutes. Then the teams will need to do research, collect materials, build the model, and test it. This should occur over time and based on a schedule that you give the class, or that the teams create and present to you for approval. Final testing should take about 15 minutes per house. 
· You might want to contact a local home-building store for scrap materials, or teams might be able to gather scraps from these stores to build their model.

· Another suggestion is to have a guest speaker address the class regarding typical home-building & types of insulation materials used in home building.

· The Test by Teacher: You will test the energy-efficiency of each house as described in the rubric. You could test by using a heat lamp positioned at a set angle and distance and then measure the change in temperature for 10 minutes. [You may adjust the time here based on other issues and logistics] This will then be converted to a change in temperature per cost per square meter value to use in comparing model houses. The location of the heat lamp could be related to the school’s longitude and the season.
· The students will need Nspire skills as listed in the Student document. You may need to demonstrate these to the class. If you demonstrate data collection you will need special adaptors to attach the probe to your computer. Using the Teacher Edition of the software is the best solution since the students can see the keystrokes used. 
· Present and discuss the engineering design process (EDP) that you want students to use throughout the activity. Complete the Card-Match activity similar to the one modeled in the training session (see instructor notes). 
· When you discuss with students what it means for a house to be energy-efficient, be sure to discuss uniform heating and cooling and heat loss through the walls and windows.

· Teams will present to the class their solution to the problem with a TI Nspire Document. They may use the Problem feature of the TI-Nspire document to isolate parts of the engineering design process and present their final solution to the class. One can just load the tns file on the Nspire computer.
Materials

· TI-Nspire™ CAS handheld technology and the TI-Nspire™ computer software if needed
· The_Green_House_STEM_Student_2.1.doc

· The_Green_House_EDP_Key.tns

· EasyTemp - Temperature probes and other probes for testing as determined by the teams (EasyLink will be required for other probes such as light, voltage, pressure, etc.)
· Materials for building the model, such as cardboard, wood, plastic, aluminum, etc. and tools
· Heat lamp and support system for testing

· Timing device
· TI-Nspire™ CAS Teacher Edition computer software and Projector with Data Collection cables

· EasyTemp probe or the EasyLink with the TI Temperature probes with the computer USB Mini-A to Standard-A adapter. You could also just use the GO Link equipment. 

· Connect-to-Class, Nspire Navigator, Nspire Link with Direct Connect cable, or Unit-to-Unit cables to collect the student Card-Match files the Team Document with the documentation of the problem solution 

· Any safety equipment including safety glasses, gloves, and apron
Suggested Related Activities and References

To download any TI activity listed, go to education.ti.com/exchange and enter the number in the quick search box.

· House – 5472

· REAL LIFE, REAL WORLD Activity – Architecture – 7425

· JASON: How Do Pinnipeds Stay Warm? – 2412

· Heat Transfer by Conduction – 3699
· Elements of an energy-efficient home: http://www.nrel.gov/docs/fy00osti/27835.pdf
· Zero Energy Home: http://www.solar.unlv.edu/projects/zeh.php
· Are you an Energy Saver STAR? : http://www.bpa.gov/corporate/KR/ed/eelesson/homepage.htm

· Vernier EasyLink®: http://www.vernier.com/easy/easylink.html
· Atomic Learning Tutorials. http://movies.atomiclearning.com/k12/ti_nspire/
· CBL 2(tm) Technical Reference Guide: http://education.ti.com/educationportal/downloadcenter/SoftwareDetail.do?website=US&appId=6104&tabId=2
· Vernier EasyTemp® : http://www.vernier.com/easy/easytemp.html
· Subscribe to the free techdirections magazine and use it as a reference for the teams. Past issues are available as well. http://www.techdirections.com/
Part 1 – The Problem

In this part you want to present the problem to the students. Discuss the need for a solution and the “green” issues involved. As you explain the problem have the students consider who they need on their team. What skills are necessary to complete the problem? Who possesses those skills?
Part 2 - The engineering design process (EDP)
Present and discuss the engineering design process (EDP) that you want students to use throughout the activity. Complete the Card-Match activity and collect the solutions. This should be done individually unless you want to form teams now and have the teams discuss and submit the order for the process. When you get your Nspire Navigator the Screenshot application will help facilitate the discussion.
Part 3 – Scoring Rubric

Form the teams. Usually 4 or 5 to a team will work best. You may assign team members or better yet, have a process that helps match skill sets as you would in a real team forming event. 

Once you have the teams together, let them discuss their path towards a solution.  Before they get into to much detail, have them examine and question this rubric. 

	
	4

Expert
	3 
Competent
	2
Beginner
	1

Novice

	Evidence of research
	Documents multiple  references, all references are credible
	Documents multiple  references, most references are credible
	Documents at least one reference, has at least one credible reference
	Shows no evidence of research

	Evidence of following the engineering design process (EDP)
	Documents all steps of the EDP, including evidence of multiple design considerations
	Documents most steps of the EDP, including evidence of more than one design consideration
	Documents some steps of the EDP
	Shows no evidence of following the EDP

	Data collection with probeware
	Uses multiple probes, has evidence of data, relevant data collection
	Uses multiple probes, relevant data collection
	Uses at least one probe
	Shows no evidence of data collection

	Effective use of the TI-Nspire as a research notebook
	Uses multiple Apps throughout the document, labels all figures, uses appropriate units on all measures
	Uses multiple Apps throughout the document, labels most  figures, uses appropriate units on most measures
	Uses more than one  App throughout the document, use some labels and /or some appropriate units on measures
	Shows no evidence of use of the TI-Nspire

	The Model
	Physical model is created to scale, based on blueprints; score on the test of the change in heat transfer rate in the house and from the house to the external surroundings is minimal, as defined by the teacher
	Physical model is created to scale, based on blueprints, with minor measurement errors; score on the test of the change in heat transfer rate in the house and from the house to the external surroundings is above average, as defined by the teacher
	Physical model is created to scale, based on blueprints,  with major measurement errors; score on the test of the change in heat transfer rate in the house and from the house to the external surroundings is average, as defined by the teacher
	Physical model is not created to scale, score on the test of the change in heat transfer rate in the house and from the house to the external surroundings is below average, as defined by the teacher

	Effective presentation of the solution to your house through the use of the TI-Nspire
	Presents solution that outlines use of the EDP, answers relevant questions in an expert manner
	Presents solution that outlines use of the EDP, answers relevant questions in an acceptable manner
	Presents solution, answers most relevant questions acceptably
	Presents solution, answers relevant questions unsatisfactorily

	Evidence of team work with individual responsibility
	Evidence that the design was chosen as a team through thoughtful deliberation, all team members are able to explain to the class what they did in the activity
	Evidence that the design was chosen as a team after some  deliberation, most team members are able to explain to the class what they did in the activity
	Evidence that the design was chosen as a team after a little discussion, some team members are able to explain to the class what they did in the activity
	Evidence that the design was chosen as a team hastily with out much discussion, only one team member is able to explain to the class what he did in the activity


Part 4 – Design the House

You might want to limit the size of the model.

As the teams design their house it should be researched based. Look for references as they plan and present. 

Consider safety issues with both construction methods and materials when the teams present their design.

It might be useful to have a class presentation of the designs to facilitate learning and to critique the team’s solution.

You might need to improvise or redirect the teams based on their material or tool needs.
Part 5 – Build the Model

After your approval, the teams should build the model. This may be done in class or as homework. It should take several days.

Part 6 – Test the Model

Teams will test their model, keeping in mind the components of the rubric. You may need to show them more about data collection. 

Part 7 – Present the Solution

You could have a team from another class test the models. You want to standardize the test for all models in the class. 

The test could be done with a temperature probe placed in a room of the house that you select. The heat lamp should be placed at some set distance and angle. Take a second temperature probe and place it outside the model to collect the ambient temperature. This will require a second Nspire unless you do it through a computer. You will start the data collect at about the same time for 10 minutes (This time interval could be different but don’t tell the teams before the testing begins). You will average the ambient temperatures and compare it to the maximum temp from the probe that is in the house.
To do the data collection we want to set the time to last for 10 minutes collecting a data point every 15 seconds. Open a New Document and plug in the EasyTemp (or EasyLink with the TI Temperature probe). If the Data Collection App does not automatically launch, use the manual launch (/D).
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You may display the data during collection, or just look at it after. You will collect data with two different Nspires and two different temperature probes (one in the house and one outside). If you want to see the data in a particular App as it is being collected, use the Menu option to set it, or if the option occurs at launch, choose then. While in the data Collection APP, press b15 to select the location to display the data.  
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Now we need to set up the time for the data collection. To do this, select from the Menu the option to set up the collection for the experiment. The using the Time Graph option, adjust the time for 10 minutes, once every 15 seconds, or the settings you prefer. Note: There are limitations on rate and length of the experiment. Tab between windows after you make your entries. Notice that your x-axis changes. If you set it beyond these limits you will be challenged and your settings adjusted automatically to fall within the parameters of the probe and the Data Collection App. 
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Once you have your data you will want to get the maximum value of the temperature of the probe in the house and the average value of the ambient temperature probe that was outside of the house. To do this add a Calculator App and then just key in the key words max and mean augmented with the variable names. To see the names, press the h key and select it off of the list. You will do this on both Nspires and the name for the list for temperatures will probably be the same on both machines unless you had a false start. 
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Now subtract these two values and then find the ratio of this temperature change to the teams reported cost per square meter. Get the comment from the Menu under Actions. You obtain the units from the Catalogue (k) and then selecting 3 and move to the Temperature line. Expand this area with a right arrow (¢).
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You can build a spreadsheet to show the team results of this test and send it to the students or just display it. Put the team names in quotes to make them categorical. 
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Graph the results in Data & Statistics. Move to the bottom and select the x-axis and then to the left for the y-axis variable. Right click (/b) to get the different plot choices.
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Don’t forget to save the Document. Press ~ and under File select Save As. Tab to the different windows and make sure you place the Document in the correct Folder.
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Use the rubric to evaluate the project. 
Extension

· Have students consider the effects of wind/aerodynamics on the on the energy-efficiency of the house

· Have students consider the effects of relative humidity on the on the energy-efficiency of the house (will need relative humidity probes)

· Concoct another rate to compare the models. Maybe one that includes the speed at which the interior heats up, or the time to loose the heat buildup and return to the ambient temperature.
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