




Procedures
1.     Divide your class or group into teams of 3 or 4 students.
Give each team 7–10 minutes to design, on paper, a weight-bearing
structure according to these specified design parameters: 

   o    Design the tallest structure you can to support
   the weight of up to 111 pennies

     o    For building materials, use up to 123 toothpicks
   connected at their junctions by marshmallows

   o    The pinnacle of the tower must accommodate
   your margarine lid (or paper cocktail plate)
   and a stack of pennies

   o    The base of the tower is not to exceed
   the boundaries of your cardboard base

     o    No other construction materials may be utilized

   o    Your tower must be freestanding

2.  Once designs are completed on paper, give student
teams an additional 13–15 minutes to construct their towers.

3.  Upon completion, each team measures and records the height
of its tower before students begin to apply load. Each student
records his or her data individually. A sample data collection
worksheet is provided at the end of this activity.worksheet is provided at the end of this activity.



Procedures Continued...
4. Teams now begin applying load by placing their margarine lids
or cocktail plates on top of their towers, and then adding
one penny at a time with a minimum of one second between
placements. Suggest that students add pennies carefully
to keep the tower balanced. Each team continues adding
pennies until the structure fails. pennies until the structure fails. (More pennies will be available
if a team’s tower is able to hold all 111 pennies.  Failure is our goal!)

5. After failure, count the pennies (minus the one-too-many penny),
weigh the pennies and the lid or plate, and measure the tower’s
height after failure. Students record data independently. 

6. Team members now work independently to perform two
efficiency calculations using the formulas provided below.
Team members reassemble to compare results for conformationTeam members reassemble to compare results for conformation
and corrections. 

7. All teams report their results to the larger group to
determine which structure achieved the highest base efficiency
and highest height/weight efficiency.

8. The class or group can then engage in a joint discussion to
analyze the results based on the exploratory questions included
with the data collection worksheet. with the data collection worksheet. 



Formulas
Structural efficiency is determined by dividing
the weight the structure supported before
failure by the weight of the structure itself. The
higher the number, the greater the efficiency.
(Weight increments cancel out in calculation.)

Efficiency = weight supported/structure weightEfficiency = weight supported/structure weight

Efficiency relative to height is determined by
multiplying the base efficiency previously calculated
by the height of the structure before failure. Again,
the higher number indicates greater efficiency. 

Height/weight efficiency = height   X  weight
supported/structure weight

Procedural Modifications:Procedural Modifications:
As an engineering design activity, marshmallow
towers can serve as an introduction to basic
structural engineering principals. Students can be
guided to recognize common design elements in
structures that have exposed construction such as
towers and bridges. This examination will reveal a
significant design element, the triangle.significant design element, the triangle.

Most of the towers students first build will consist
of a collection of interconnected cubes; they rarely
employ a structural member bisecting the face of
their cubes into triangles. Use a simple demonstration
to show how the addition of triangles within the design
prevents the easy collapse of a square or
rectangular face.  Students can then redesign, rebuild,rectangular face.  Students can then redesign, rebuild,
and retest their structures.



Continued...

Unit of Study
Development
An examination of bridges will also expose students
to the concept of suspension as another means to
support a spanning structure.  This can lead to the
development of a unit of study that examines tensiondevelopment of a unit of study that examines tension
and compression members and the use of construction
materials and systems designed for efficiency and
elegance, such as cable-stayed structures.    

Incorporation of additional mathematical analysis
should also be considered. Students can employ
formulas to calculate area, volume, and the load
exerted upon their towers. Quantified solutionsexerted upon their towers. Quantified solutions
also lend themselves to conversion exercises and
discussions of units of measurement such as pounds
per square inch and grams per centimeter squared. 
 



Height of tower before testing 

Height of tower after failure 

Number of pennies supported 

Weight supported 

Weight of structure 

Base efficiency calculation
(use additional paper as needed)(use additional paper as needed)

Height/weight efficiency calculation
(use additional paper as needed)
 

STUDENT DATA COLLECTION WORKSHEET



Exploratory Questions (Use Additional Paper as Needed)

What did you know about building a stable
structure before doing this activity? Where did you learn it?

How did you build your structure? Why did
your team make these design choices?

At what point did your structure fail? Why do
you think your structure failed when it did?you think your structure failed when it did?

If you were to build a second structure with the
same design specifications, what would you do the same? 
What would you do differently?

If you could change the design specifications, how would
you do that?

Where could you learn more about building structures
so you could make a more stable tower? so you could make a more stable tower? 

Are there other mathematical calculations
you could perform related to the tower and it’s testing? 

Marshmallow Towers
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