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STANDARDS:  

8.1.1
Recognize that and describe how scientific knowledge is subject to modification as new information challenges prevailing theories and as a new theory leads to looking at old observations in a new way.

8.1.3
Recognize and describe that if more than one variable changes at the same time in an experiment, the outcome of the experiment may not be attributable to any one of the variables.

OBJECTIVES ‘ LEARNING GOALS: 

! 

Students will be able to modify own hypothesis through experimentation.

! 

Students will be able to identify how changing one variable at a time will affect the outcome of an experiment.  

GUIDING QUESTIONS: 

How is scientific knowledge subject to change through experimentation? 

! 

What does it take for scientists to replace old theories with new ones?

! 

How does each variable affect the experiment “The Universality of the Free Fall Acceleration?”

EQUIPMENT NEEDED PER GROUP:
 2-meter sticks





 
triple beam balances 

 Close able boxes measuring 21cm. x  9 cm. x 10 cm.
dry erase board 

 2 items of different mass and surface area per group 
rubber band

 Low-g accelerometers 



 
Vernier Lab Quests 

 Science notebook / pencil per student

 The story of Galileo's Experiment at the Leaning Tower of Pisa

STUDENT EXPERIENCE:

Select 4 students per group: Record Keeper, Box Dropper, Meter Stick/Materials Manager, Vernier Operator. Roles can rotate as experiment is executed. One student will be Experiment Leader

! 
Students will set up LabQuest with low-g accelerometer.

! 
Calibrate Low-g.

! 
The students will select an object that: a) will fit into a box 21 cm. x 9 cm. x 10 cm., b) is unbreakable upon impact after being dropped approximately  2 meters.  (2-3 min.)

! 
The students will hypothesize which objects will hit the ground first when dropped at the same time, recording this hypothesis. Students will explain what reasoning they use to develop this hypothesis.

! 
The students will weigh the objects, recording the results in their science notebooks.

! 
The students will drop the objects from 2 meters (using the 2 meter stick) at the same time and record the results using the Vernier Labquest with low-g accelerometer. 

! 
The students will share why they believed the objects hit the ground at different rates. During this share and discuss period the first pose the first guiding question.

! 
On board record the ideas that students bring up and have students copy this into their notebooks. Repeat for second question. (10 min.)

! 
The students will place the objects in the container measuring 21 cm. x 9 cm. x 10 cm, one at a time. 

! 
The students will use the Vernier probes and the Low-g accelerometer to record three trials / “runs” per object. 

! 
Place object in box and use rubber band to fasten low-g accelerometer to outside of box.

! 
When Vernier Operator announces to start the drop, the Box Dropper will release box from a height of 2 meters, Meter Stick Manager will hold stick vertically, resting on floor, and Dropper will drop box along stick.

! 
Recorder will record outcome in science notebook.

! 
Repeat two more trials for that object and 3 trials for other object. Find mean value for each object. 

! 
The students will analyze data and check their initial hypothesis as to why the objects accelerated at the same rate. The students will form a new testable hypothesis if needed.

! 
Write third guiding question on the board and have students copy into  their notebooks and come up with answers as a part of their data presentation.

! 
Students will create a presentation of their data results on dry erase board using graphs, and charts to show quantitative and qualitative data and oral explanation. (This may be done on day 2 of lesson). 

! 
Once all presentations have been given, as a class, discuss their ideas for guided question three.

! 
Have groups design a new experiment that will address guided question three. (10 min.)

! 
The following day students will read, Galileo's Experiment At the Leaning Tower of Pisa. 
As a class discuss the article and how it relates to their experimental outcomes.

http://www.endex.com/gf/buildings/ltpisa/ltpnews/physnews1.htm

DOCUMENTATION 
Science notebook observations.

Record data from Vernier as well as qualitative and quantitative data “Tell me what you see.” 

CLOSURE: 
Present data on dry erase boards. 

ADAPTATION: 

Gifted students may consider debating whether Galileo’s experiment (and his recant before the Church) were apocryphal. 

Special needs students can act as the “dropper” or help present the evidence. 

ASSESSMENT: 
Presentation of data, reflective essay, science notes. 

Design of new experiment 

