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 

David Novick




Date: 1/22/09
Grade(s) taught: 11th grade – Advanced Biology
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

· Reflections on Implementing the Investigation (complete after implementing)
Investigation Question(s)

Generalized: 

· How does pH and temperature affect the rate of an enzyme catalyzed reaction?

Specific:

· How does temperature affect chicken liver catalase activity?
· How does the addition of an acid or a base affect catalase activity?
Investigation Goals
· To learn about how pH can affect the activity of an enzyme.
· To learn how temperature can affect the activity of an enzyme.
· To learn what we mean by “activity of an enzyme” and how we can measure it.
· To learn how to use Vernier Lab Pro and O2 gas sensors and Logger Pro data acquisition software to measure %O2 produced over time.

· To learn how to import data into Excel from the Logger Pro software into Excel.

· To learn how to use Excel to analyze and interpret the data generated by the experiment.

· To learn how to write a full lab report.
MA State Frameworks

· Not applicable in my case.
Overview & Approximate Time

· Overall - Two 50 minute lab periods for the investigation itself and 1 class period for data analysis training.
· Methods and Materials
Teacher preparation: homogenize (liquefy setting) 1 large or 2 small pieces of chicken liver (can also use beef) in blender with 100 mL of water (tap water is fine). Decant liquid supernatant into appropriate sized Erlenmeyer flask.  You can store in refrigerator until lab but need to make fresh each day.  Obtain small paper discs from paper hole-punchers, enough to supply four discs per experimental run per group.  Obtain petri dish lids or any small flat container that could be used to hold the discs soaking in liver extract for each group and tweezers for the students to use to pick up the discs.
Testing Sensor Baseline: Place 5 mL of 3% hydrogen peroxide (H2O2) solution into O2 sensor reaction chamber (bottle) and place O2 sensor into bottle tight enough to create seal but not too tight so you can remove sensor without breaking it.  Obtain baseline % O2 in chamber over 60 seconds using Logger Pro software.  If graph is sporadic you will need to calibrate the sensor.
Basic Experimental Setup: Place 5 mL of 3% hydrogen peroxide solution into O2 sensor reaction chamber (bottle). Take 1 liver soak paper disc and blot off extra liquid on a piece of paper towel  then place the disc on the inside of the bottle on one of the sides making sure that it does not come in contact with the H2O2 solution.  Repeat this process for 2 or 3 more paper discs.  Now place O2 sensor into bottle the mouth of the chamber tight enough to create seal but not too tight so you can remove sensor without breaking, still making sure not to allow the H2O2 solution to come in contact with the discs. To initiate the reaction and begin collecting %O2 produced over time, tip the chamber so that the H2O2 solution comes into contact with the discs and that they begin to all float in the solution then gently place the chamber upright on the table.  At relatively the same time as you place the chamber upright your lab partner should hit “Collect” in Logger Pro.  The program will be set for collecting data over a 200 second time period (3min, 20 sec).
Investigation:  Taking the basic set up test the effect of pH or temperature on the rate of the catalase catalyzed reaction.
Dataset(s)

· %O2 produced per second over 200 seconds in the presence of HCl
· %O2 produced per second over 200 seconds in the presence of NaOH
· %O2 produced per second over 200 seconds at 2 or 3 different temperatures
Analysis Tool(s)
· Logger Pro
· Microsoft Excel
Steps for Data Analysis
· Export data from Logger Pro as text file
· Import into Microsoft Excel
· Create table with columns of Time (s) and then one column for each condition tested.
· Create X-Y scatter of %O2 verses time from data in above table.

· Add linear trend line to each plot with equation and correlation coefficient.
· Create a new table within Excel with one column for conditions of experiment (e.g. different temperatures, or mL of HCl or NaOH added) and one for slopes of trend lines from X-Y scatter plots (i.e. rates of reactions under each condition)
· Finally create scatter plots of rates of reaction verses condition.
Background Information

· Enzyme: Catalase (source: chicken liver)

· Substrate: H2O2
· Reaction: H2O2 ( H2O & O2
· All enzymes work best at an optimal pH and temperature.

Example Data Analysis Product(s) (i.e. graph, map, image, etc.; something you expect students to be able to create during the investigation)
X-Y scatter plots of %O2 verses time
X-Y scatter plots of rate of reaction (%O2/sec) verses condition.
Student handouts for data collection & analysis (can attach these separately):

Support for student inquiry (List strategies this investigation will use to promote student inquiry)
1. Lab handout just describes how to establish baseline and basic experimental set up. Students are told they need to test the affect of temperature and pH on the rate of the reaction but not how.
_______________________________________________________________________

Part 2

COMPLETE Part 2 AFTER YOU HAVE IMPLEMENTED THE INVESTIGATION

Today’s Date: 3/15/09
Number of classes that used the investigation: 4
Approximate number of students who completed the investigation: 32
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? 

I felt the investigation went okay in terms of execution although given our lab schedule, sports schedule, and special schedules it took much longer than I had anticipated.  Lab only meets once a week for a 50 minute period and this investigation ended up taking four lab periods (i.e. 4 weeks) for every group to complete their portion of the experiment.  Many students were carrying out the experiment with no real understanding of the goal behind what they were doing and the meaning of their results.  This is in spite of the fact that we had already covered enzymes and the effect of temperature and pH in the lecture part of the course.  It has been my experience that the way our lab period is separated from the lecture period and due to its short length, students rush through to complete labs without really thinking about them until they have to sit down and write the lab report; then of course they are sending me panicked emails saying they don’t understand. 

· Were you satisfied with the level of student engagement? What sorts of questions did student ask? What insights did they have? How proficient are they in using the software?
I was satisfied with their ability to stay on task and complete the investigation but as I stated above I was not satisfied with their level of understanding as they carried out the lab.  There was not enough synthesis on their part between labs to try and understand what they were trying to do and the meaning behind what they were getting.  I would get the typical questions of “Is this result correct?” to which I would have to give the classic teacher response of “Well, you tell me based on your knowledge of proteins and specifically enzymes.”  In terms of insights, I don’t think that occurred until they finally sat down with their lab partners and began analyzing and graphing the data.  Since we have a special program occurring this coming week I had to have them turn in rough drafts of this report and a number of them needed extension so they are just beginning to trickle in.  I’ll have more of an idea of their level of understanding after reading through these reports.  In terms of proficiency with Excel, I would say that everyone moved up in their level of proficiency.  This is to say that those who already had some proficiency were able to help those that had none and those that had none were able to do basic graphing by the end.  However, I still had to meet with a number of students one on one to go over how to analyze their data; even though I had posted detailed walk through instructions to their class conferences online.
· How will you carry out this investigation differently in the future?

I’ll be honest and say I am not sure how to improve upon this experiment, other than paring it down, in a way that will overcome the scheduling and time issues I have at my school.  I will try to develop and give them homework assignments leading up to this investigation that require them to graph and analyze simple datasets to make sure they are all relatively on the same proficiency level with Excel.  I might then have them test the either the effect of temperature or pH but not both, or the effect of enzyme concentration and either pH or temp.  The effect of enzyme concentration is often easier for them to see and interpret.






