CanCo

Project Sheet

Content I can statements

· I can describe the various conditions of formation associated with severe weather (thunderstorms, tornadoes, hurricanes, floods, waves, and drought)

· I can describe conditions associated with frontal boundaries that result in severe weather (thunderstorms, tornadoes, and hurricanes)

· I can describe how mountains, frontal wedging (including dry lines, convection, and convergence form clouds and precipitation.

· I can explain the process of adiabatic cooling and adiabatic temperature changes to the formation of clouds
CanCo Position:  CanCo is looking to hire a scientific community that can prove that it is able to effectively and efficiently solve our technical research problems.  You can prove your communities worth by solving the problem outlined below and giving a presentation to our company representative on the assigned deadline. 

CanCo Technical Problem: CanCo wants to combine the cleaning and crushing operations at our plant.  We have found that we can both clean and crush a can by putting some water into it, heating it and turning the can into a bath of tap water.  We are looking to install a robotics system that would do this operation, but we need to know the following:  

1. What variables affect the amount of can crush (i.e., the initial can volume minus final can volume)

2. How do each of the variables listed in #1 affect the amount of can crush?

3. What conditions should we set for the process to obtain the maximum crush?

4. Is the process (with your proposed conditions from #3) reliable enough to always five at least 75% volume crush on all cans?  Provide enough data to support your claim.

Your Quality Presentation:  Due to limited time, your community’s presentation of results will be limited to a maximum of 15 minutes on ___________________.  (at the beginning of your class period).  Your presentation needs to concisely answer the four questions outlined above (think about “effective communication” when preparing).  On this date, please provide a hard copy of your community’s presentation and a hard copy of your community’s proposal (PowerPoint?).

Areas of Assessment

Community based

1. Community Effort- Working constructively and efficiently together toward accomplishing goals?  Focus on Safety?

2. Community Report- (not the hard copy of the presentation, but an actual lab report…) Reliability of data (consistent? Accurate? Precise?) Completion of each task requested.

3. Presentation Quality (ranked against other communities) – remember this is a competition? Make it Impressive!

Individual based

1. Constructive use of class time

2. Acting as constructive member of scientific community

3. Personal understanding of collected data and community’s presentation of results -- quiz later.

Other: You’ll have the lab at your disposal for almost two days.  You can ask Mr. Winsor about anything that pertains to the lab however he may not know the answer to your question as he has not been the project manager for this assignment very long.  You need to use your understanding of the properties of gases (water vapor), and pressure to accomplish this assignment.  You will be lead by your class representatives.  A final presentation is required for this assignment (see your quality presentation section).  The entire group will be assessed based on this presentation.  You will be individually assessed through the lab report generated in your lab groups and also by a quiz.

Guidelines for Formal Lab Reports

Remember, a lab report is a way of recording the steps a scientist follows as they work their way through the scientific method.  So, each part of a lab report correlates to a specific part of the process as shown below:  It must be need and organized and show a logical sequence that is easily identifiable.  Each group will thoroughly write their own lab report based on the variables that they test in the project.
Experimental Process                             Lab Report

        What is the problem?                                Introduction 

        How did I solve the problem?                   Materials and Methods 

        What did I find out?                                  Results 

                                  What does it mean?                                   Discussion  



        How can I apply this?                               Conclusion

General Format guidelines:

Use blue or black Ink or computer. 

Write only on one side of the paper and double space all writing. 

Keep margins straight and consistent.   

Underline each section title.  Make section titles very obvious. 

Check spelling, grammar and punctuation. 

Use a ruler for all charts and graphs. 

The Parts of a Lab Report 

(correlated to the parts of your Experimental design scoring rubric)

The Introduction (Parts I-IV):

Begin with broad statements, including enough background information (with reference to outside sources) to set the stage for your experiment. Then narrow down to your particular study, explaining why it is of interest. Specify the objectives of the experiment (problem statement), and make your hypotheses clear. Include the following in your introduction:

Title: Put this at the top of the lab report, centered & underlined
Problem Statement: This is a statement that clarifies the question you are investigating.   It should be written in such a way that it cannot be answered by a yes/no response, and should include both the independent and dependent variables you will be investigating.
Hypothesis: This is a statement that predicts the outcome of your experiment based on the background knowledge you have of whatever it is that you are investigating (this background should be included in the introduction).  This statement must include both the independent and dependent variables in the experiment & must be testable.  You may use IF …., THEN …. Format to write your hypothesis if you wish. The I.V. will be in the IF statement and the D.V. will be in the THEN statement.  
Variables: Identify the variables associated with the lab.

1. Independent Variable (I.V.) – The variable being altered, changed, manipulated.
2. Dependent Variable (D.V.) – The variable being measured, the results. 

3. Constants/Controlled variables – list the variables that are to be held constant in all set-ups of the experiment.  Be sure to list all the most directly important to keep constant first.  Then, give a brief description about how you will keep each of these controlled throughout the experiment.
4. Experimental Control: Be sure to describe the control set-up that you will be using as a standard of comparison, and explain how it functions as a control.

Methods (Parts V-VI):
Use this section to describe exactly how you are testing your hypothesis.  This section should be a small part of the report, so don't expand endlessly. Do not include results here.
Materials: This part only needs to be included if you are describing a self designed experiment.  It is not necessary if you are conducting a lab that has been written up previously, such as those in our lab book.  The exception to this rule is if you change any materials from those given in the lab, you must include those here.  This will be a list of all materials used within a lab.  It will include all volumes, masses, distances and quantities (keep in mind to give TOTAL amounts needed for multiple trials, not just the amounts needed for 1 trial).  It will be in column format, for example:

-         1 graduated cylinder                       - 20 g of NaCl (salt)

-         500 ml of water                              - 2 plastic cups
Procedures: If this is a self designed experiment, you must include step by step directions for accomplishing the lab.  Directions must be repeatable.  Include all equipment to be used and all details for performing the lab.  Each step will be numbered and in list form.  Directions should be clear enough for someone with little knowledge of the content or lab procedures to follow.  Each step should be no more than a sentence or two.  For most procedures-especially those with multiple set-ups and many trials- a labeled diagram to accompany the procedure is very helpful in clarifying steps visually for the reader.  One or more diagrams may be added within the procedures to help aid the reader in understanding what you did (not to mention help you stay organized and avoid errors while running the experiment!).
If you are following a prewritten lab, such as one from out lab book, summarize briefly the entire process that was followed and the materials that were used, and then refer to the lab directions and to any flow charts you have included for the details. Do note any differences in the procedures you actually followed from what was specified in the lab directions. Anyone who reads your report should be able to duplicate the experiment. 

Results (Parts VII-X):

This will typically be the longest section of the laboratory write-up.  What was experienced and observed will be described in great detail.  All measurements and numbers will be included.  Data must be presented in figures (graphs) and in carefully planned tables, rather than as raw data. All tables and figures should be titled and numbered sequentially, and the axes should be well labeled with clearly marked units.  This section includes the following:
Qualitative Observations from the experiment: Describe qualitatively what you observed at multiple points throughout the experiment in each of the trials/set-ups.  Use all 5 senses to make these observations, not just your eyes.  Be detailed in your descriptions and put every observation down-even if you think it is not important.  You may be surprised how important something is once you have all your final data & are trying to interpret it!  A chart/table works well to help clearly organize these ideas while collecting the data. 
Data Tables: At least 2 data tables should be included- one containing all raw data from the experiment, and one that has been condensed to the most significant data (often contains averages of multiple trials).  All data should have units & all tables should be properly labeled and in sequential order.  Make sure to refer to these labels when specifying where to record each piece of data in the procedure.  
Graphs (Figures):  These should be constructed from the condensed data tables and should be properly labeled with a sequential numbering system and a title that describes the relationship they are showing.  Unless otherwise specified, all figures should show data related to the independent variable on the X-axis and data related to the dependent variable on the Y-axis.  All axes should include a label and units appropriate for the data that was collected.  Also, if you have more than one set of data, you should use different colors to represent the data associated with each set & include a clearly labeled key to accompany the graph.   Be sure to choose the correct type of graph for the data you are showing.  Here is a general guideline to follow:
· A bar graph might be appropriate for comparing different trials or different experimental groups. It also may be a good choice if your independent variable is not numerical. 

· A time-series plot can be used if your dependent variable is numerical and your independent variable is time. 

· An xy-line graph shows the relationship between your dependent and independent variables when both are numerical and the dependent variable is a function of the independent variable. 

· A scatter plot might be the proper graph if you're trying to show how two variables may be related to one another. 
· A histogram may be used when you desire to show a graphical display of tabulated frequencies, shown as bars. It shows what proportion of cases fall into each of several categories-typically intervals of equal size.
Graphs should either be computer generated and inserted directly into the sequence of the lab report, or may be done neatly on graph paper and included as a separate page that is included between the data tables & the summary of results.  If hand drawn, neat handwriting, straight ruler-drawn lines & using a pen with blue or black ink are all very important.
Summary of Results: This will be in paragraph form.  All sentences will be composed from the observations taken during the lab. You will not describe why things happened just what you saw or experienced.  The data and results are given here in summary form. All results should be described in a narrative; don't just list measurements. One of the most common mistakes beginning students make is to omit the narrative in the results section. The narrative should be more than just saying, "Table 2 shows the percentage of students with different blood types." You should state and describe the actual results, e.g., "Most students had type O blood, while the fewest had type AB (Table 2)."    It is very important to describe the trends shown by the data, as well as to point out any unusual data points or sets of data obtained from the experiment.  A large part of this section is to complete appropriate calculations, such as the mean (average), median, & range of the data and rates (slope) if applicable.

Discussion (Parts X-XIII):

In this section the results should be interpreted and their significance explained. Begin the discussion by interpreting your specific results and end it more broadly by placing your results in context. Don't declare the experiment a success or failure; evaluate the results in view of the purpose of the experiment.  Use the following sections to help break up your discussion:
Analysis of Results: In this section you explain what the results you detailed in the previous section mean. .Explain any cause-and-effect relationships. Are you sure that there was only one variable that could have caused that result?  How much variability is there in the results (if you did it twice, did you get the exact same answer each time)? What are some possible causes of this variability?  How reliable is the data (can you believe it or do you think there was an error in carrying out the experiment)? What general conclusions can be drawn? What is the importance of the discoveries you have made? (This is especially important in experiments that are not repeated from your lab book!)  Look at the mean & median and determine if any differences between them are significant.  If so, what may be the cause of this difference?  Is there a large range in your data points, or do they all group together?  Are there outliers to consider?  How should these affect your interpretation of the data?  You should also make a point of answering any questions that are posed in the lab manual. Do not make a separate section of the answers, but include them in the content of the discussion, when the topic comes up as you discuss the results.
Possible Experimental Error:  Complete error analysis calculations, such as percent error and determining standard deviation.  It is OK if you find that there were sources of error in your lab as long as you acknowledge them and their effects on your data!  It is not OK if you either ignore them & pretend that they didn’t exist, or try to rationalize the data & make it fit what you planned on happening, even if it didn’t!  If significant erroneous results were obtained, discuss the results you expected as well as those you received.   Don’t make up sources of error if there do not seem to be any, or explain what could go wrong if it didn’t.  Be sure to list each possible source of error & then fully explain how that source of error may have affected your results.  You should estimate how important each source of error may be. 

Conclusion & Recommendations for further Experimentation (Parts XIV-XV):

These 2 sections may be addressed together, or separated into 2 different parts.
Conclusion: Based on your results, should you accept your hypothesis or reject it?  Why?  Did you get the results you expected?  If not, why not? Did you carry out the experiment incorrectly? If so, explain the problem and suggest how it could be carried out so that you would get the expected results. If the experiment was performed correctly, perhaps the original hypothesis was incorrect. If this is the case, suggest another hypothesis that could be tested.  Remember, since you only did the experiment once, and on a very small sample, you may have evidence supporting your hypothesis, but you have not PROVEN anything.  Using evidence from the results section, describe why the hypothesis was correct, incorrect, or inconclusive.  Numbers, evidence, details must be included.  The scientific concepts being studied must be used to support your statements.  
Recommendations for further experimentation: Suggestions for improvement of the current experiment should be included.  Ask yourself: If you were to do the experiment again, what if anything, would you do differently?  Use the ideas from your experiment to propose a new problem statement that could be the basis for a new experiment that is an offshoot of the ideas and understanding you gained during your investigation.  This should not be a way to test the same variables; rather a new idea to test that is related to the ideas from your lab.  You should also take some time to show understanding of the concepts underlying the investigation by making predictions for future experiments or applications of this experiment based on the results you obtained.  This is actually a very important section; it is your chance to show how well you understand the ideas and techniques involved and to relate your results to the ideas expressed in outside sources.  Be sure to demonstrate your understanding of practical applications of the knowledge that you gained from the experiment.
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Results: Data Table(s)

Data Table Title
Can 1

Can 2

Can 3

Can 4

Can 5

Can 6

Can 7

Can 8

Can 9

Can 10

Original Volume

Crushed Volume

Percent Crushed

Data Table Title

Average

Original Volume

Crushed Volume

Percent Crush

Formulas & Calculations (show all work)




	Quantitative Observations
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Results: Graph

        ____________

                                                                               _____________________


	Summary of Results




	Analysis of Results




Experimental Design- Lab Scoring Rubric                          Lab group member names:

Total Score:       / 60 points

	INTRODUCTION (Parts I-IV)

I. Statement of problem (1/2 point each)
_____ Not a yes/no question 

_____ Independent & Dependent variables included 

_____ Problem is clearly testable 

_____ Response is written in a clear and concise manner 

II. Hypothesis (1 point each)

_____ Statement predicts the outcome of the experiment

_____ Prediction includes both independent and dependent 

           Variables

_____ Statement gives enough information to understand 

           prediction(s)

_____ Hypothesis is testable in an experiment

_____ A rationale is given for the hypothesis (draws on/includes 

            background information and/or scientific concepts)

III. Variables
_____ Independent variable correctly identified (1 pt.)

_____ Dependent variable correctly identified (1 pt.)

           Constants/Controlled variables identified:

           _____ one CV identified (1/2 pt.)

           _____ two CV’s identified (1/2 pt.)

           _____ three CV’s identified (1/2 pt.)

           _____ four CV’s identified (1/2 pt.)

_____ Method for keeping constants controlled is identified (1 pt.)

IV. Experimental Control (3 points)
_____ Included a standard of comparison /control set-up             

METHODS (parts V-VI)

V.  Materials

_____ All materials used are clearly listed separate from 

           procedure,  in detail (1 pt.)

_____ Appropriate amounts of materials are selected in order to 

           maximize results & minimize costs. (1 pt.)

VI. Procedure

_____ Procedure is well organized in a logical fashion (2 pt.)

_____ How to measure the dependent variable is specifically 

           explained. (1 pt.)

_____ Enough information is given in detail so another could 

           repeat procedure (1 pt.)

_____ Diagram of experimental set-up is included. (1 pt)

_____Uses significant figures (2 pt.)

_____ Repeated trials (3 pts.)

RESULTS (Parts VII-

VII. Qualitative Observations From Experiment

_____ Observations given that reflect multiple points during the 

           Experiment (ex: beginning, middle & end) (2 pts.)

_____ Adequate detail to understand in a clearly organized table (2 pts.)


	VIII. Raw Data Table(s)

_____ All raw data is given (1 pt.)

_____ All data has units (1 pt.)

_____ Table(s) labeled properly (1 pt.)

IX. Calculations

____ Shows a word equation and simple calculation 

         for each value shown in the results table 

X. Results Table

_____ Results table with most important data included (2 pts.)

XI. Graphs

_____ Data converted into appropriate type of graph

_____ Graph is titled appropriately

_____  x-axis addresses appropriate variable

_____  y-axis addresses appropriate variable

_____  x-axis labeled with appropriate units

_____  y-axis labeled with appropriate units

XII. Summary of Results (5 points) _____

____ In paragraph form 

_____ Describe WHAT happened (not why it happened)

_____ Describe the trend(s) in data.

____ Unusual data points pointed out 

_____ Mean, Median, Mode, Range (where applicable)

_____ Line of best fit (where applicable)

Discussion (interpretation of results & significance explained) (parts XIII-XVI)

XIII. Analysis of Results (1/2 point each)

_____ What your results from the previous section mean 

_____ Explain cause and effect relationships

_____ Thorough detail is given to understand the data 

_____ Trends in data explained 

_____ Unusual data points explained

_____ Response is clear and concise 

_____All statements are supported by the data 

XIV. Experimental Error (errors that actually took place) (1pt each = 4pts)

_____ Explanation of errors is given (at least 2)

_____ Important information about accuracy & precision is explained.

_____ Effect errors had on data identified for each error &  

           discussed in detail

_____ Calculate percent error 

XV. Conclusion (1 point each)

_____ Hypothesis is evaluated according to data

_____ hypothesis is re-stated
_____ State the specific results that supports or refutes the hypothesis
_____ Reasons to accept/reject hypothesis given

_____ All statements are supported by the data

_____ The conclusion is scientifically correct
_____ Make an obvious link between Scientific concepts and your conclusion
XVI. Recommendations for further experimentation (1 point each)
_____ Suggestions for improving THIS experiment
_____ Suggestions for future experiments given (new problem 

            statement formulated with different variables)

_____ Further predictions made based on results

_____ Practical application(s) of experiment given
_____ How can this be used in the real world?




