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Improving Student Literacy in Science through Critical Thinking Labs, Scientific Writing & Organizational Skills

Abstract

During my first summer in the RET program I realized that the correct approach to a scientific investigation was critical to my engagement, understanding, ownership, and enthusiasm in the project.  This summer, my curriculum project was based on developing a structure in which my students could conduct scientific experiments while maximizing their engagement, understanding, ownership, and enthusiasm for the activity in addition to improving their critical thinking and literacy skills.  

Students will conduct labs that reflect a real-life, successful, and satisfying scientific investigation by first being given sufficient background knowledge, then being handed a set of equipment along with a scientific question.  The students are required to develop a hypothesis before proceeding with the lab, and then are encouraged to tinker with the equipment.  Then the students designs their own experiment as they conduct the investigation using an iterative process; students may initially decide to proceed one way and then change course when they become more familiar with the equipment or realize any limitations.  The actual writing of the procedure section is one of the last steps in the lab process (similar to the writing of the methods section for a thesis or dissertation being done at the end of the graduate program).  

To demonstrate their learning and adequate participation in the lab, students are given a one to two paragraph writing assignment when they finish each lab.  Students rotate through writing each section of a scientific report, including the introduction, methods, results, conclusion, and abstract sections.  One section is assigned for each lab.  Students rewrite essays incorporating teacher and peer-feedback, and log their essay improvements in an organized lab notebook.  

This process of inviting more critical thinking skills in the scientific investigation process has resulted in more focused group work, increased student engagement, improved organizational and writing skills, an enhanced impact of labs on student learning, and an increased enthusiasm for labs and science in general.
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10 STRATEGIES FOR INCREASING STUDENT ACHIEVEMENT

1. IDENTIFYING SIMILARITIES & DIFFERENCES

Comparing, Classifying, Creating Metaphors, & Creating Analogies

Example:  Classification and Analogies:  Give students a list of elements (animal species or characters from a variety of novels).  Generate categories in which to classify each element, then create analogies for the elements (AGILITY is to FOOTBALL as PRECISION is to GOLF).

2. SUMMARIZING  

Deleting some information, substituting some information, and keeping some information

Example:  Problem/Solution Summary Frame:   Ask the students: What is the problem?  What is a possible solution?  What are other possible solutions?  Which solution has the best chance of succeeding?

3. NOTE TAKING

Determining what material is most important, and stating that information in compact form

Example:  Informal Outline:  The main ideas from a text or lesson are bulleted or not indented, and subordinate ideas are indented below

4. REINFORCING EFFORT AND PROVIDING RECOGNITION

Teaching and exemplifying the connection between effort and achievement

Example:  Personal Recognition:  Acknowledge growth in productivity or work quality, not just top grades.  ‘Pause, Prompt, and Praise’ the students by asking them to stop working, providing suggestions for improvement, and then praising if the student’s performance improves.

5. HOMEWORK AND PRACTICE

Extending the learning opportunity beyond campus

Example:  Identify and articulate the purpose for giving homework (e.g. to practice, prepare, or elaborate).  Teachers should also comment through various types of feedback.

6. NON-LINGUISTIC REPRESENTATION

Generating mental pictures and creating graphic representations to accompany information.

Example:  Pictograph or Flowchart:  Assists students in visualizing the process, ideas, or subject being studied.

 

7. COOPERATIVE LEARNING:

Encouraging positive interdependence, face-to-face interdependence, individual and group accountability, interpersonal and small group skill, and group processing.

Example:  Create Heterogeneous groups of 3-4 students, with group members relying on each other for success and interacting with each other face-to-face with or without inter-group competition.

8. SETTING OBJECTIVES AND PROVIDING FEEDBACK

Enhancing student learning by engaging the metacognitive system of thinking

Example:  Set general goals for students, allowing them to have some flexibility.  Create contracts for attainment of specific goals.  Give corrective and timely feedback that is specific to the criteria, and encourage self-evaluation.
9. GENERATING & TESTING HYPOTHESIS:

Applying current knowledge to make predictions and explanations

Example:  System Analysis:  Generate a hypothesis that predicts what would happen if some aspect of a system were changed
10. CUES, QUESTIONS AND ADVANCED ORGANIZERS:

Preparing students to absorb information they are about to read.

Example:  Skimming:  Have students 'skim' the material before they read it and write down key terms or concepts that help them figure out what they are about to read.
Adapted from Classroom Instructions that Work by Marzano, Pickering & Polluck.  

Name:____________________________






Period:______

Momentum Lab
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Purpose:  Your goal today is to collide 2 carts so that they stick together and compare the momentum of the carts before and after a collision.

General Information:

· Keep the mass of one cart the same, and add varying amounts of mass to the other cart.  Change the mass 5 times.  Keep the total additional mass to between X and XX g.

· Figure out a way to give the blue cart a consistent start.  You want its initial velocity.  Nudging it each time is not a good way to achieve consistent results.  

Hypothesis:  I think that the momentum of the blue cart before it collides with the red cart will be _____________the momentum of the two carts after the collision when they stick together because:

Procedures:

Data Table:

	
	Blue Cart 

Before the Collision
	Combined Blue & Red Cart 

After the Collision

	Trial #
	Mass 

(kg)
	Velocity (m/s)
	Momentum

(kg m/s)
	Mass 

(kg)
	Velocity (m/s)
	Momentum

(kg m/s)

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	


Questions:

1. Compare the momentum of the blue cart before the collision to the momentum of the combined carts after the collision.  Were they significantly different, the same, etc.  Explain.

2. Was your hypothesis correct?  If not, explain why.

3. Did adding various masses to the carts make the momentum before the collision different from the momentum after the collision?  Explain.

4. List 3 sources of error that could have occurred during this experiment

5. Read section X in your textbook and list 3 the three most important facts

6. What is ‘Conservation of Momentum’?

7. A blue cart with a mass of 5.6 kg is traveling along at 1.4 m/s when it collides and sticks to a red car with a mass of 4.5 kg which is initially at rest. 

a. What is the momentum of the blue cart before the collision?

b. What is the momentum of the combined blue and red carts after the collision?

Name:____________________________

Friction Lab



Period:______
Your goal today is to determine the relationship between the friction force & applied force, and the friction force & normal force.

To do this, you will be given 2 different blocks:  one with glass and one with sandpaper.  Use the spring scale to measure the force you pull the blocks with.

Use 3 different sets of masses.  The combined mass should be at least 500 g and no more than 1500 g.  

Hypothesis:  What do you think the relationship will be between the friction force & the applied force?

What about the relationship between the friction force & the normal force?

Procedures:   Remember, they should be written so that someone who’s not in this class could repeat your experiment.
Data Table:

	Surface
	Mass

(g)
	Mass

(kg)
	Weight

(N)
	Spring Scale Force

(N)
	Friction Force

(N)

	Glass
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Sandpaper
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Questions:

1. Draw a free body diagram of the force acting on the block and mass system:
	2. Is the block accelerating in the vertical direction?
3. What is the net force acting on the block in the vertical direction?
4. What does that tell you about the relationship between the forces that act in the vertical direction?
1. Explain how you were able to determine the value of the friction force.

2. What would be the best surface you can think of for the deck of a boat?

	5. Is the block accelerating in the horizontal direction?
6. What is the net force acting on the block in the horizontal direction?
7. What does that tell you about the relationship between the forces that act in the horizontal direction?
3. Explain how you can determine the value of the normal force.
4. What would be the best surface you can think of for the lane of a bowling alley?




5. Make two graphs of the friction force on the y-axis and the normal force on the x-axis, with the glass block on the left graph, and the sandpaper block on the right graph.  Don’t forget to label each axis, develop an appropriate scale, and write a title on the graph.  Your graph should take up as much of the grid space as possible.  Connect the graphs with the best single straight line possible.
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Calculate the slope of both graphs.

What does the slope represent?  (look in your textbook for clues)

6. As the normal force increases, what happens to the force of friction?  Explain.

Lab Paragraph:  In addition to developing a scientific title for the lab essay, you should write a ‘Results’ paragraph that should describe and show your data.  Start off the paragraph by very briefly explaining the lab (1 sentence).

Results: In this section, you should present a summary of the measurements you recorded, but you should not yet draw any conclusions about what those measurements tell you about your question. That is, at first, you should allow your readers the chance to draw their own conclusions.

Your data should not be presented in their "raw" form, the way you recorded them in your laboratory/field notebook, but rather in a summarized, condensed form that is easier to digest. If you repeated a measurement at intervals over a period of time, you may want to present a graph showing how the measure (plotted on the y-axis) varied with time (on the x-axis). A graph is usually the most concise way to express the relationship between two variables. However, sometimes data are not readily explained in a graph, in which case a table may be a useful way to present your results. When you do present your data in tabular or graphical form, it is important to accompany those visual aids with some text that explains them, and that draws the reader's attention to any trends that you think are important.

You may draw and letter your figures and tables by hand, but please do so clearly and neatly. Make sure tables and graphs have captions that explain them for the reader. Your figures and tables will have better visual impact if you produce them on a computer. Excel is a software packages that has good graphing abilities.

Name:___________________________________




Period:_____

Energy Lab

Purpose:  Your goal is to compare the potential energy that a marble has at the top of a ramp to the kinetic energy the marble has at the bottom of the ramp.

General Information:  

· Align 2 meter sticks at the bottom of the ramp and a blockade at the end of the meter sticks to allow the marble to roll along the table top and stop so that you do not loose the marble.

· Conduct 9 trials total:  3 trials each at 3 different release locations along the ramp.
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Hypothesis:  I think that the potential energy that the marble has at the top of the ramp will be ______________ than the kinetic energy it has at the bottom of the ramp because:

Procedures:

Data Table:

	Trial #
	Initial Height

Convert to meters!

(100 cm = 1 m)

(m)
	Velocity at bottom of ramp

(m/s)
	Potential Energy of marble at top of ramp

(J)
	Kinetic Energy of marble when rolling along track

(J)

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	Average
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	

	Average
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	

	9
	
	
	
	

	Average
	
	
	
	


Questions:
1. Compare the total potential energy the marble had at the top of the ramp to the total kinetic energy the marble had at the bottom of the ramp.  Are the numbers similar, different, off by a factor of 10?  If they are similar, why?  If they are different, why?  What factors might make them different?  Explain in detail.

2. Was your hypothesis correct or not?  If not, explain.

3. If a marble is released from a height of 40 cm (0.4 m), how much kinetic energy would it have at the bottom of the ramp?

Now do another experiment by releasing the marble from the top of the ramp 4 times.  Each time, move the photogate so that you are measuring the velocity at a height of 2 cm, 4 cm, 6 cm, and 8 cm.  Record your data below.

	Height

(cm)
	Height

(m)
	Potential Energy at each height

(J)
	Velocity at each height

(m/s)
	Kinetic Energy at each height

(J)

	Initial Height:


	
	
	0
	0

	8 cm
	
	
	
	

	6 cm
	
	
	
	

	4  cm
	
	
	
	

	2 cm
	
	
	
	


Analysis:

Plot Energy vs. Height on the graph below as follows.  You will have 2 data sets to graph.

· Plot the Potential Energy on the y-axis, and Initial Height on the x-axis.  

· Plot the Kinetic Energy on the y-axis, and Initial Height on the x-axis.  

· Connect each set of data on your graph with a single smooth straight or curved line (not zig-zagged).
· Fill in the Legend to show which line is which.
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Additional Questions:

1. As the marble moves down the ramp, what happens to its potential energy?

2. Where does the potential energy go?

3. As the marble moves down the ramp, what happens to its kinetic energy?

4. Where does the kinetic energy come from?

5. Read Section 3.8 carefully.  List 3 important facts in your reading.

6. What is ‘Conservation of Energy’?

Name:______________________________






Period:_____

Constant Force Lab
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Purpose:  Your goal today is to figure out how applying a constant force to a cart resting on a low friction surface will affect its motion.

General Information:  

Set up the lab as shown in the diagram.

The motion of the hanging mass and the rolling cart will be the same.  The weight of the hanging mass is equal to the force pulling the cart (the tension force).

Vary the force applied to the cart by changing the hanging mass.  You may combine masses to get a bigger total mass.

Assume the friction on the track is negligible.

Hypothesis:  I think that if a constant force is applied to an object resting on a low friction surface, it will make the object a) travel at a constant velocity,  b) not move at all, or  c) accelerate.  I think this because:

Procedures:

Data:

	
	Hanging Mass
	Cart

	Trial #
	Mass

(kg)
	Weight 

(N)
	Did cart move?
	Describe motion of cart
	Distance Traveled

(m)
	Time Traveled

(s)
	Calculate Average Velocity

(m/s)
	Measure Final Velocity

(m/s)
	Measure Acceleration

(m/s2)

	1
	
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	
	


Analysis:

1. Describe the motion of the cart after it was released.  Did it travel with a constant velocity, accelerate, etc.

2. Why does the cart travel with this type of motion if a constant force is being applied.  Doesn’t a constant force imply a constant/steady motion across a surface?  Explain.

3. What happened to the cart’s acceleration as the hanging mass was increased?

4. Was your hypothesis correct?  Why or why not.  Explain.

5. What does this lab have to do with Newton’s 2nd Law?  Read Section X.X in your textbook for background information.

6. You know the acceleration of the cart, and the force applied to the cart (the weight of the hanging mass).  Using this information and Newton’s 2nd Law, calculate the mass of the cart.

7. What else could you have done to the cart to change its acceleration besides changing the hanging mass?  List 3 ideas.

Name:__________________________







Period:_____

Spring Lab
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Purpose: to determine the variables which affect the period of a vertically hung mass-spring system.  

General Information:

· Set up your mass-spring system however you think is best. Make sure that when the spring oscillated up and down that it is a smooth oscillation, not a ‘wobbly’ one.

· Keep the mass used to between X and X g.

· When timing the spring’s oscillation, human error is introduced when starting and stopping the stopwatch.  If you time several cycles, this human error decreases.  Think about timing several oscillations and then dividing the time by that number of oscillations.
Hypothesis:  I think that changing the ____________________________ will affect the period of a mass-spring system because:

Procedures:

Data:  Order your data table from the smallest value of your variable to your largest value

Analysis:  Plot your data on the graph below.  Put the Period on the y-axis, and your variable on the x-axis.  Connect the data points on your graph with a single smooth straight or curved line (not zig-zagged).
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Questions:

1. As your variable increases, what happens to the period?

2. Was your hypothesis correct?  Why or why not?

3. Interview another group who tested the same variable as your group.  Compare your data and experimental procedures.  Did they get the same results as you did?  If not, why?  Discuss.

4. Now interview 2 more groups who measured different variables than you did.  Describe the variable they measured and their results.

Group #1:

Group #2:

5. After interviewing the three other groups, which variable do you think affected the period of a mass-spring system the most drastically?  

6. After interviewing the three other groups, which variable do you think affected period of a mass-spring system the least?  

Name:__________________________







Period:_____

Pendulum Lab


Purpose: to determine the variables which affect the period of a pendulum.  You will do this by constructing a pendulum and changing one variable until it takes 1 second to swing back and forth.

General Information:

· Set up  your pendulum however you think is best. Make sure the string will not rub on anything as it swings (friction!).

· Keep the release angle to less than or equal to 20(.  To determine release angle, hold a protractor as shown.

· When timing the pendulum’s swing, human error is introduced when starting and stopping the stopwatch.  If you time several cycles, this human error decreases.  Think about timing several swings and then dividing the time by that number of swings.
Hypothesis:  I think that changing the ____________________________ will affect the period of a pendulum because:

Procedures:

Data:  Order your data table from the smallest value of your variable to your largest value

	Variable:

Units:
	Time for pendulum to complete 1 cycle (seconds)

	
	Trial #1
	Trial #2
	Average Time

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Analysis:  Plot your data on the graph below.  Put the average times to complete one cycle on the y-axis, and your variable on the x-axis.  Connect the data points on your graph with a single smooth straight or curved line (not zig-zagged).
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Questions:

7. As your variable increases, what happens to the time it takes the pendulum to complete one cycle?

8. Was your hypothesis correct?  Why or why not?

9. Interview another group who tested the same variable as your group.  Compare your data and experimental procedures.  Did they get the same results as you did?  If not, why?  Discuss.

10. Now interview 2 more groups who measured different variables than you did.  Describe the variable they measured and their results.

Group #1:

Group #2:

11. After interviewing the three other groups, which variable do you think affected the time it takes a pendulum to swing back and forth the most drastically?  

12. After interviewing the three other groups, which variable do you think affected the time it takes a pendulum to swing back and forth the least?  

Name:______________________________
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Velocity Lab

Purpose:  Your goal today is to figure out how to measure the length of this side of this building without using any distance measuring devices.

	Grade
	Accuracy

	100%
	+- 3%

	95%
	+- 5%

	90%
	+- 7%

	80%
	+- 15%

	70%
	+- 30%

	60%
	+- 40%

	50%
	+- 50% or less


General Information:  

You will receive the following grade on this lab if you attain the following accuracy:

The team that gets the closest will get a bonus stamp, so it is to your benefit to not share your accurate data, methods, or information.  You are competing against each other.

Two different lengths will be given to you.  One is at the back of the classroom, and one is in the courtyard outside the classroom.  You will be walking these two known lengths and the length of the building at a normal, repeatable walking speed.  If you know a certain distance, and you could time yourself walking this distance, what could you calculate??  Once you know, then you can determine the length of the long side of the building.

Hypothesis:  I think that the best way to determine the length of the building is to:

Procedures:

Data:

	Trial

#
	Known Length #1:

Back of Classroom
	Known Length #2:

Courtyard
	Unknown Length:

Building

	
	Distance

(m)
	Time

(s)
	
	Distance

(m)
	Time

(s)
	
	Walking Speed

(m/s)
	Time

(s)
	Distance

(m)

	1
	
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	

	Average
	
	
	
	
	
	
	
	
	


Analysis:

8. Explain what piece of information you were able to calculate based on the known distances given to you and a stopwatch.

9. How did you calculate this?  Show an example.

10. Explain how you calculated the length of the building.

11. Was your hypothesis correct?  Why or why not.  Explain.

12. If you were driving at 37 mph down a road for 0.43 hours ( 26 minutes), how far have you driven?

13. When you are all through answering all the questions above, interview another student about the lab.  Tell them how you did your experiment, and ask them how they did theirs.  Take notes below:

a. Describe one thing you thought was smart or unique or worked well about how they conducted the lab.

b. Describe one thing you thought your group did that was smart or unique or worked well that they did not do.

Name:____________________________
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Physics Lab Notebook
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Lab Essay Improvement Chart 
This chart will help you track your progress as a scientific writer.  Each essay you write will receive numerous comments from Mrs. Miller, your peers, as well as a self-evaluation.  It will be important that the mistakes you make on each essay are not repeated on the next essay.  

Think of the #1 thing you learned about in writing and re-writing each essay that you would like to keep in mind when writing the next essay.  This could be something about the title, structure, grammar, neatness, content, scientific terminology, etc.  Describe this in as much detail as possible.

	Lab Description
	Something I will remember to work on next time

	Date:

Lab Title:

Essay Type:

(Introduction,

Methods, etc.)
	

	Date:

Lab Title:

Essay Type:

(Introduction,

Methods, etc.)
	

	Date:

Lab Title:

Essay Type:

(Introduction,

Methods, etc.)
	

	Date:

Lab Title:

Essay Type:

(Introduction,

Methods, etc.)
	

	Date:

Lab Title:

Essay Type:

(Introduction,

Methods, etc.)
	

	Date:

Lab Title:

Essay Type:

(Introduction,

Methods, etc.)
	

	Date:

Lab Title:

Essay Type:

(Introduction,

Methods, etc.)
	

	Date:

Lab Title:

Essay Type:

(Introduction,

Methods, etc.)
	

	Date:

Lab Title:

Essay Type:

(Introduction,

Methods, etc.)
	

	Date:

Lab Title:

Essay Type:

(Introduction,

Methods, etc.)
	

	Date:

Lab Title:

Essay Type:

(Introduction,

Methods, etc.)
	


Name:_________________________________





Period:_____

Lab Essay:  Abstract Paragraph

Lab Report Title:  A good title is brief but informative, and says exactly what your paper is about.  The title needs to be as scientific as possible.  It should be approximately between three and ten words.  Write your title below.

Abstract Paragraph:  An abstract is a summary of the entire scientific report.  Most scientists will read the abstract first to decide if it is worthwhile for them to read the entire scientific report.  It is usually presented at the beginning of the paper, but is the last section to be written.  It should give the reader a good idea of what your study is about and what your MAJOR findings were. Your abstract should encapsulate the whole study – purpose, hypothesis, major results and conclusions. 

	Critical Elements
	Possible Points
	Your Score
	Comments

	Summarize the purpose
	3
	
	

	State your hypothesis & justify it
	3
	
	

	2 sentences maximum summarizing your procedures
	3
	
	

	Discuss your main conclusion
	3
	
	

	Discuss the big picture, where you conclusion fits in, why it is significant.  Entice the reader to go on and read the whole report!
	2
	
	

	Total
	14
	
	


	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	


Name:_________________________________





Period:_____

Lab Essay:  Introduction Paragraph

Lab Report Title:  A good title is brief but informative, and says exactly what your paper is about.  The title needs to be as scientific as possible.  It should be approximately between three and ten words.  Write your title below.

Introduction Paragraph:  This section follows the abstract, but is the official beginning of the scientific paper. It tells your reader a number of important things that prepare her or him for the paper. Why have you done this study? What do you hope to find out? That is, what question are you asking and why do you think it is interesting? If you are testing a specific hypothesis or hypotheses, list them here. Is there any historical background to include--about other scientists who have studied similar questions and how your study is related to theirs? If so, include brief descriptions of the earlier work and how it led you to perform your study.

	Critical Elements
	Possible Points
	Your Score
	Comments

	What was the purpose of this experiment?
	3
	
	

	Describe your hypothesis
	3
	
	

	Why did you think your hypothesis would be correct
	3
	
	

	Discuss your knowledge of physics concepts related to this topic
	3
	
	

	Other Introduction Statements (anything else interesting?, sentences connecting everything together, any other insight?)
	2
	
	

	Total
	14
	
	


	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	


Name:_________________________________





Period:_____

Lab Essay:  Methods Paragraph

Lab Report Title:  A good title is brief but informative, and says exactly what your paper is about.  The title needs to be as scientific as possible.  It should be approximately between three and ten words.  Write your title below.

Methods Paragraph:  Here you should describe exactly what you did in your experiment (basically summarizing your procedures). The purpose of this section is to let other students or scientists repeat your work if they so choose. Therefore, you should describe your methods, briefly and completely, but include enough detail that a reader could re-do your study in the same way as you did (and, one hopes, obtain the same result).  Leave out unnecessary information or steps (for example, “first we gathered our materials”, or “then we filled out our data table”).  This section should be as short as possible (do not simply re-write your procedures, you must summarize them).

A diagram should accompany the methods paragraph to help explain how you did the experiment.  Refer to the diagram in the text!

	Critical Elements
	Possible Points
	Your Score
	Comments

	Were the methods described accurate (ie, would another student be able to follow them?)
	4
	
	

	Were the methods concise (brief) but not too concise?
	3
	
	

	Did the methods include all necessary steps and information, without rewriting word-for-word the entire procedures?
	3
	
	

	Appropriate diagram
	2
	
	

	Use of connecting words (first, then, afterwards, etc.) and sentences (refer to your diagram, or tie everything together) 
	2
	
	

	Total
	14
	
	


	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	


Name:_________________________________





Period:_____

Lab Essay:  Results Paragraph

Lab Report Title:  A good title is brief but informative, and says exactly what your paper is about.  The title needs to be as scientific as possible.  It should be approximately between three and ten words.  Write your title below.

Results Paragraph:  In this section, you should present a summary of the measurements you recorded, but you should not yet draw any conclusions about what those measurements tell you about your question. That is, at first, you should allow your readers the chance to draw their own conclusions.

Your data should not be presented in their "raw" form, the way you recorded them in your lab worksheet, but rather in a summarized, condensed form that is easier to digest.  For example, if you collected several sets of data and performed some calculations, you should just present the averages of your final results of your most important data or calculations.   You may present your results in one of two ways:  a graph or an abbreviated data table.

Graph:  If you repeated a measurement at intervals over a period of time, you may want to present a graph showing how the measure (plotted on the y-axis) varied with time (on the x-axis). Or if your data was not time-sensitive, then show how one variable affected the other by graphing one on the x-axis and one on the y-axis.  A graph is usually the most concise way to express the relationship between two variables. 

Data Table:  However, sometimes data are not readily explained in a graph, in which case a table may be a useful way to present your results.   Remember, just include the most important final data in the data table (not all your data).

When you do present your data in a table or graph, it is important to accompany those visual aids with some text that explains them, and that draws the reader's attention to any trends that you think are important.  You must refer to and discuss the data.  For example, you could refer to your data by writing something like “as you can see in the data table (or graph) below, as the mass gets larger, the acceleration gets smaller.”

	Critical Elements
	Possible Points
	Your Score
	Comments

	Introduce your data and refers to data table or graph
	2
	
	

	Describe the data
	2
	
	

	Discuss any trends in the data
	4
	
	

	Data table: brief, include only essential data, well organized

OR
Graph: well labeled, graph appropriate data, graphed correctly
	6
	
	

	Total
	14
	
	


	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	


Name:_________________________________





Period:_____

Lab Essay:  Conclusion Paragraph

Lab Report Title:  A good title is brief but informative, and says exactly what your paper is about.  The title needs to be as scientific as possible.  It should be approximately between three and ten words.  Write your title below.

Conclusions Paragraph

This section is where you explain what you think it all means.  Your analysis here reveals how well you understand the physical principles behind your study.  Organize this section so that you start with the most important observations/data and move from there to less central information. Summarize your results very briefly (if you wrote the last section well you should barely need to do this), evaluate what they mean, explain what conclusions you have drawn from them, and, if appropriate, discuss them in relation to other studies that have been done on the same subject.  Be sure to make a distinction between conclusions that you are very sure about, and other conclusions that may be more tentative. Do this by means of the language you choose. ("We observed that… We suspect that”)

Above all, return to the hypothesis and explain what answers you have arrived at.  Was your hypothesis right or wrong?  If your results were unexpected or contradictory, point this out and try to devise an explanation that is at least reasonable. If you feel that an error in the design or execution of the experiment might account for your unexpected results, explain what this error is and how it would have influenced your results.  

Discuss the significance of your study, both in relation to the immediate physical principles involved and in relation to any relevant broader physical principles.  What is the big picture?  Is there any major physics law or equation that supports your findings?  Do some research on this by at least looking through the textbook.  

Finally, do your conclusions lead you to have any other question that you would like to investigate?
	Critical Elements
	Possible Points
	Your Score
	Comments

	Discuss main trend in data (if not already mention in the Results section)  Do any of the variables affect each other and how? What is your main conclusion?
	2
	
	

	Describe at least one piece of data that supports your conclusion.
	2
	
	

	What is the significance of your conclusion?  Discuss major physics principles that your conclusions support or contradict.
	4
	
	

	Do your results support or contradict your hypothesis?  If they contradict, explain why.
	3
	
	

	Discuss any data which does not support your hypothesis (any outlying data, one piece of data that does not fit with the others, etc.)
	3
	
	

	Describe any sources of error in the experiment or your data
	2
	
	

	Concluding statement and question to investigate for a future study
	1
	
	

	Total
	17
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