Tower building, Architecture and Math
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Activity Summary: 
This activity is an introduction to the concepts of structure and loading in architecture.  Though fairly inexpensive and simplistic, the activity uses basic geometry to describe the underlying structure of buildings. 

Subject: 

Math: Geometry, Measurement, Connections, Problem Solving 

Grade Level: 

Target Grade: 7 
Upper Bound: 9 
Lower Bound: 5 

Time Required: 20 minutes 

Activity Team/Group Size: 2-8 students 

Reusable Activity Cost Per Group [in dollars]: $0 

Expendable Activity Cost Per Group [in dollars]: approximately $2 per group


Authors: 
Graduate Fellow Name: Marta Kobiela/ Virginia Traweek
Teacher Mentor Name: Parker
Date Submitted: January 25, 2005 
Date Last Edited: March 3, 2005


Parent Lesson Plan(s): none

Activity Introduction / Motivation: 
The most important thing this activity teaches is that buildings can be interesting.  An interesting introduction is to push back a ceiling tile and talk about what is above the dropped ceiling.  Most students think this is wrong or illegal, so they are amazed when they can see insulation or beams.  Once they see the building, then they can “build” their own.

Activity Plan: 
The class is divided into groups or two or more (in conditions of limited funding, up to 6 or 7 can work together, but 3 or 4 is optimal).  Each group gets toothpicks and gum drops.  A time limit is given (usually 10 minutes) and the groups are instructed to build the largest tower they can.  The towers will be measured at the end of the activity and a winner assessed.  At the end of the time limit, the teacher stops the students and measures the towers.  The winner is asked how their tower ended up being the tallest.  The teacher then talks about why some towers stand up and others do not.  In architecture, the triangle is the most commonly used shape because if the three sides are of fixed length, the angles cannot change.  In addition, having a structure that is the same all the way up the tower makes the towers taller because the weight of the gum drops on top can be transferred easily to the ground.  See attached file for more information.

Activity Closure: 
 The activity closes with a discussion of why some towers stood and others did not.  Clean-up, or course, would be done at this time.

Assessment: 

If students can talk about the walls in the classroom and describe their relation to the tower, then they have grasped the essence of the lesson.  Usually, students have an intuitive understanding of the way math is used in architecture, but it takes pointing out the specific parts of a building for them to completely understand.
Learning Objectives: 
Students should learn that having the same structure all the way up makes the tower stand taller.  Students will also understand why a triangle is the shape used most often in buildings because the angles will not change if the length of the sides stays the same.
Prerequisites for this Activity: 
None
Background & Concepts for Teachers: 
See Multimedia Support and Attachments
Also, visit the following sites for a better understanding of the mathematics in architecture and further activities:

Math forum. Architecture and math - Many sites with connections between mathematics and building architecture at all levels, K-12.  Discover geometry in architecture: examples of translational symmetry, concentric circles, rotational symmetry, reflective symmetry, semi-circles, rectangles, triangles, angles, parallel lines.  There is even a history of math link. 
http://mathforum.org/library/topics/architecture/
PBS Teacher source.  Community geometry in architecture.  Real hands on discovery of basic geometry in the shapes and components of building. 
http://www.pbs.org/teachersource/mathline/concepts/architecture/activity2.shtm
Vocabulary / Definitions: 
· structure- the skeleton of a building, usually steel concrete or concrete blocks

· bracing- the diagonal piece of steel that helps the structure keep its shape.  This is what makes the shape of two triangles and makes the rectangle stable.

· load – the weight that the structure has to carry, including the weight of structure above itself, the weight of any humans in the building or furniture or machinery on the floor above

Materials List: 
- approximately 60 gum drops per group, (large bags can be bought at places like Wal-Mart or Sam’s Club)
- approximately 80 toothpicks per group

(Note: given the time period, most students will use all of their gum drops to build.  Therefore, it is best to give each group the same number of gum drops to make the competition more fair.)

Activity Extensions: 
The best extensions occur if there is a building being constructed near by.  If possible, a field trip to a construction site would “cement” the lesson in the student’s mind.
Also, see the websites listed under Background & Concepts for Teachers.


Multimedia Support and Attachments: 
(insert files here)

Safety Issues: 
Students might possibly poke other students with toothpicks, so it is important to have adequate supervision.  The class will usually ask to eat the gum drops after the activity, which must be decided before the activity begins.
Activity Scaling: 

Each student should get something out of the activity, regardless of grade level.  Explanations can be limited to talking about the way students arrange the toothpicks or expanded to include pictures of buildings that have similar structures.
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