DataTools Investigation Planning and Documentation Template

Please include your initials in the file name of the electronic version of this document.

Use this template to:

1. Guide the planning of your investigation

2. Share your plan online with your DataTools colleagues

3. Report on the implementation of the investigation

• Complete Part 1 and upload the template to the DataTools Web site during the online collaboration period that precedes implementation.

• Add information to Part 2 and upload the entire template (Parts 1 and 2) to the DataTools web site during the online collaboration period that follows implementation.  
Part 1 

Your Name: Bob Elliott
Date: Jan 27, 2009
Grade(s) taught: 7th 

Key Parts of an Investigation

· Question(s)

· Goals

· MA state frameworks

· Overview & approximate time

· Dataset(s)

· Analysis tool(s)

· Main steps for analysis techniques

· Background information

· Example product(s)

· Student handouts for data collection & analysis

· Support for student inquiry

· Reflectioans on Implementing the Investigation (complete after implementing)
Investigation Question(s)
How does mass of a vessel (soda bottle) affect its speed though a 40 foot test tank?

How can we display the data in a meaningful way?

How do we explain the unexpected data patterns? 
Investigation Goals
· Students will carefully observe the bottle as it moves through the tank.
· Students will follow the protocol for weighing, timing, and attaching the bottle to the pulling apparatus.
· Students will create graphs using Excel, and use these graphs to predict the behavior of other vessels.
AAAS Standards

  Computers have become invaluable in science, mathematics, and technology because they speed up and extend people's ability to collect, store, compile, and analyze data; prepare research reports; and share data and ideas with investigators all over the world. 1C/M6*

  Accurate record-keeping, openness, and replication are essential for maintaining an investigator's credibility with other scientists and society. 1C/M7
 What use can be made of a large collection of information depends upon how it is organized. One of the values of computers is that they are able, on command, to reorganize information in a variety of ways, enabling people to make more and better uses of a collection of information. 8E/M2*
 An increasing number of people work at jobs that involve processing or distributing information. Because computers can do these tasks faster and more reliably, they have become standard tools both in the workplace and at home. 8E/M4
  An unbalanced force acting on an object changes its speed or direction of motion, or both. 4F/M3a

  Vibrations in materials set up wavelike disturbances that spread away from the source. Sound and earthquake waves are examples. These and other waves move at different speeds in different materials. 4F/M4
Overview & Approximate Time
· One class to do the fair test and collect data, one class to work with Excel and make predictions, and one class to test predictions in tank.
Dataset(s)

· Students will collect data using the attached sheet as a guide. They will time the same bottle over  a 40 foot course 30 times. The mass will be changed by adding water to the bottle. They will conduct 6 trials for each for each of 5 different masses for a total of 30 data points.
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Analysis Tool(s)
· Excel

Steps for Data Analysis
· Collect  data
· Enter data into spreadsheet
·  Graph data
· Interpret data
· Make predictions
Background Information
Fair Test/Scientific Method
The primary steps in scientific method /controlled experiment/fair test investigations are:
1) Observation/Investigable Question:
 “How does changing the____ affect the____?

2) Hypothesis/Prediction: 
(If___ then____ because_____)

3) Materials and  Procedure 

a) One manipulated variable,  control other variables

b) identify and measure the responding variable/s

c) Plan data recording system

4) Conduct Experiment, Record Data and Observations: Drawings, tables, charts, organized notes, measurements

5) Graph, analyze and interpret  results

6) Conclusions – Claims/evidence
Boats and Hydrodynamics

Submarines go faster underwater than on the surface even though they are lighter and have less area in contact with the water when they are on the surface. When the bottle is full of water it effectively becomes a submarine demonstrating this surprising behavior.
The following is from:   http://en.wikipedia.org/wiki/Naval_architecture

 “The word "vessel" includes every description of water craft, including non-displacement craft, WIG craft and seaplanes, used or capable of being used as a means of transportation on water.[2] The principle elements of naval architecture are:[3]
· Hydrostatics

This is the study of conditions under which the vessel is subjected to while at rest in water and its ability to remain afloat. This involves computing buoyancy, (displacement) and other hydrostatic properties.

Trim - refers to the longitudinal inclination of the vessel.

Stability - Ability of a vessel to restore itself to an upright position after being inclined by wind, sea, or conditions of loading.

· Hydrodynamics
Concerns the flow of water around the ship hull and over bodies such as propeller blades or rudder, or through thruster tunnels.

Resistance - resistance towards motion in water primarily caused due to flow of water around the hull. Powering calculation is done based on this.

Propulsion - to move the vessel through water using propellers, thrusters, water jets, sails etc. The energy to drive these is mainly provided by internal combustion engines. Some vessels are electrically powered using nuclear or solar energy.

Ship motions - involves motions of the vessel in seaway and its responses in waves.

Controllability (manoeuvring) - involves controlling and maintaining position and direction of the vessel

· Structures
Involves selection of material of construction, structural analysis of global and local strength of the vessel, vibration of the structural components and structural responses of the vessel during motions in seaway, i.e. hydroelasticity. “
Example Data Analysis Product(s) (i.e. graph, map, image, etc.; something you expect students to be able to create during the investigation)
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	Mass of Vessel (gm)
	Trial 1 (sec)
	Trial 2 (sec)
	Trial 3 (sec)
	Trial 4 (sec)
	Trial 5(sec)
	
	mean
	median
	range

	36
	7.14
	7
	6.83
	7.25
	6.96
	
	7.036
	7
	0.42

	215
	8.68
	8.92
	9
	9.31
	8.73
	
	8.928
	8.92
	0.63

	360
	13.98
	13.61
	12.67
	13.06
	12.28
	
	13.12
	13.06
	1.7

	492
	16.08
	15.55
	16.52
	14.83
	16.15
	
	15.826
	16.08
	1.69

	591
	14.52
	14.53
	14.77
	14.45
	14.4
	
	14.534
	14.52
	0.37
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Discussion:

The empty bottle (36 grams) took the least time and hence went the fastest.  The time increased as the weight increased which was as one might expect until the bottle was about 80% totally filled with water at 492 grams.  However when the bottle was totally filled 591 grams (and submerged) the time decreased! The most even trial was the full bottle (591 grams). 

Student handouts for data collection & analysis (can attach these separately):

See attached
Support for student inquiry (List strategies this investigation will use to promote student inquiry)
Students will need to come up with theories or further experiments to explain the unexpected results when the bottle is submerged.
_______________________________________________________________________

Part 2

COMPLETE Part 2 AFTER YOU HAVE IMPLEMENTED THE INVESTIGATION

Today’s Date :March 8,2009
Number of classes that used the investigation 1 (I will revise this and use it this Spring whenj we do  boatbuilding)
Approximate number of students who completed the investigation: 8
Paste an example of student work (final graph, student analysis, etc.) from the investigation
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Reflections on Implementing the Investigation
· How you feel the investigation went with students? The investigation went well. This was the first use of a portable test tank that I designed and made particularly for this type of investigastion. The system included pulleys that were made by cutting grooves into old roller blade wheels which made them into very low friction pulleys. The magnet attachment made the trials go quickly and proved very reliable. The side-by-side capability (ie racing set up) was not used in this investigation. Small cylindrical squeeze bottles which were preloaded with screws and which had fins at the stern for directional stability were used instead of soda bottles. Student roles were rotated and included: Timers, launchers, recorders, and catchers. 
· Were you satisfied with the level of student engagement? The students were engaged, they are very familiar with the structure of a fair test but had not used a test tank before. It was a great entry activity at least to figuratively get their feet wet. Time permitting, they would have loved to generate their own question and conduct their own inquiry. Possible future inquiries include:  the relative drag of vehicles (model cars) using water to exaggerate the effect of drag, fins or no fins, the fastest orientation of a milk carton
· What sorts of questions did student ask? What insights did they have? 
One real world connection was a discussion about Plimsoll lines on ships that indicate the maximum depth to which they may safely and legally be loaded depending on the part of the ocean and the time of the year.
· How proficient are they in using the software? All of the students were able to input the data and use the averaging formula. Several students experienced difficulty presenting that data in a meaningful way in their graph. 
· How will you carry out this investigation differently in the future? I will do this with my boat building students this spring and I will have students design their own question to test with the test tank. Until great proficiency is achieved with Excel, I might simplify this task by having them begin by including only two columns, the mass and the median time.
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