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             Technology-Enhanced Lesson Plan
Title:  Using Bottle Biology to Understand Ecology
Created by: Kathy Rizor
Lesson Abstract: In this inquiry based learning project students will 
observe and understand the interaction of biotic and abiotic factors in an ecosystem.  Special emphasis is put on the process of nutrient cycling

and energy flows.  Students will use technology for collecting, analyzing,

interpreting, and presenting data. 
Subject Area:  Biology
Grade Level:  10, 11
Unit of Study:  Environmental Science
MDE Technology-Enhanced Lesson Plan Code: TE
Michigan Educational Technology Standards Connection: 
1. Basic Operations and Concepts
b. Students are proficient in the use of technology.
    5. Students demonstrate how to import/export text, graphics, or audio
        files.
    7. Students proofread and edit a document using an application’s 

        spelling and grammar checking functions.
2. Social, ethical, and human issues
b. Students practice responsible use of technology system, information, 

    and software.
    4. Students adhere to fair use and copyright guidelines.
        3.  Technology productivity tools

             a. Students use technology tools to enhance learning, increase 

                 productivity, and promote creativity. 

                  4. Students apply advanced software features such as an application

                      built-in thesaurus, templates, and styles to improve the appearance

                      of word processing documents, spreadsheets and presentations.
                  6. Students develop a document or file for inclusion into a web site
                      or web page.
         4.  Technology communication tools 

              a. Students use telecommunications to collaborate, publish, and interact

                  with peers, experts, and other audiences.
                  2. Students use available technologies to communicate with others on

                      a class assignment or project.
6. Technology problem-solving and decision-making tools
b. Students employ technology in the development of strategies for 

    solving problems in the real world.

       1. Students formulate a research question or hypothesis, then use 

                      appropriate information and communication technology resources
                      to collect relevant information, analyze the findings, and report the

                      results to multiple audiences.
Michigan Grade Level Content Expectations Connection:

   Biology – High School 

  Standard B2 – Interdependence of Living Systems and the Environment
   B2.1 Ecosystems

          1A – describe where energy is stored
          1B – describe energy transfer in an ecosystem
          1C - draw the flow of energy through an ecosystem; predict change
          1D - describe carbon and nutrient cycling
   B2.2 Element Recombination

          2A - describe carbon and nitrogen cycle, role in processing matter
          2B - food web to explain transfer of energy through trophic levels 
   B2.4 Populations

          4A – graph changes in population growth 
          4B – explain influences that affect population growth
Michigan Curriculum Framework Connection:

   Ecosystem – (LEC) 111.5. – High School
     1. Describe common ecological relationships between and among species and

         their environment
     2. Explain how energy flows through familiar ecosystems
     3. Describe general factors regulating population size in ecosystems
     5. Describe how carbon and soil nutrients cycle through selected ecosystems
Estimated time required to complete lesson or unit:
· Daily Time Allocation: 45 minutes  (up to 90 on some days)
· Number of Days: 20-25 days
Instructional resources:
http://www.bottlebiology.org/  (set-up of experimental bottles)
http://www.vernier.com/til/list.html  (use of labpros and sensors)   http://www.mhhe.com/biosci/genbio/tlw3/eBridge/Chp29/animations/ch29/1_nitrogen_cycle.swf  (nitrogen cycle animation)
http://www.purchon.com/ecology/carbon.htm  (carbon cycle)
www.unitedstreaming.com (paid subscription):  Keyword search:   nitrogen cycle (several  short video clips) Keyword search: carbon cycle (several short video clips)        http://www.mhhe.com/biosci/esp/2001_gbio/folder_structure/ec/m3/s2/ecm3s2_6.htm   (energy flow animation)
http://www.microbe.org/microbes/what_is.asp  (types of microbes)
http://www.teachersdomain.org/   Go to Life Science – search: Illuminating photosynthesis  
Sequence of Activities:
· Do pre-assessment activity.
· Introduce core ecological concepts through lecture and discussion.
· Set-up a variety of types of Bottle Biology simulations: Predator/Prey, Decomposition, Terraqua, etc.
· Review photosynthesis/respiration, food chains and energy flows.
· Discuss Carbon Cycle and Nitrogen Cycle and include interactive and animated web sites.
· When bottles have become established (2-3 days) it is time to collect baseline data using Labpros. 
· Collect and record data 2X a week: Temperature, pH, CO2, O2, dissolved O2, plant measurements, change in animal life, presence of microbes both macroscopic and microscopic.
· 3-4 times throughout the course of the activity give students topic specific

questions which require them to think and critically reflect on their investigation and the scientific process.
· Because there are different kinds of “bottle biology” columns, students should be required to informally report to the class about what observations they have made and to problem solve why things have changed the way they do. This can also be done as a threaded discussion on eCalk (a web service provider) or a similar program.  This allows students an opportunity to share
findings and discuss possible problems and  offer solutions.  In essence, 

students will dialogue as actual scientists do.

· At the conclusion of the activity students are to create a lab report which documents their project and includes data, all observations, diagrams, photos, and enough information that someone would be able to replicate 
    and repeat the experiment. 

· Students create websites to display their data, photos, and conclusions.
Assessments:

· Pre-Assessment:
Giving each student a test tube with water containing a sprig of elodea and one small snail, have them generate a list of as many ways they can think of that the snail, elodea, and water interact to maintain life.
· Scoring Criteria:
A point for each correct answer 
· Post-Assessment:

Lab report including data, all observations, diagrams, photos, analysis conclusions, and enough information to replicate the project

· Scoring Criteria:

Lab report:  Bottle Biology – Rubric (included at end of lesson)

Technology (hardware/software):
· Access to computers with Internet access and Labpro software loaded
· Vernier Labpros  - variety of sensors (see above web site)
· Digital camera 
· Palm Handhelds (optional) 
Key Vocabulary: abiotic, biotic, carrying capacity, microbe, transpiration,
decomposition, density-dependent, density independent, nutrient cycling,
competition, predation, food web, energy pyramid, energy flow, producer,
consumer, decomposer, trophic levels, exponential growth
Application Beyond School:

Teacher Reflection and Notes:
   Although the Bottle Biology project can seem “elementary”, I have found it to be an extremely useful learning experience for sophomores and juniors in my advanced biology courses.  The key to learning is raising the expectation of what is to be achieved.  By using labpros to collect a variety of variables, students are responsible for learning why  the living organisms in their bottle either thrive or perish.  They finally make the connections between all the abiotic factors and how 

they interact with the living organisms.  Nothing works in isolation.  The only

complaint has been at the end of the project – most students want to continue to

observe and monitor the small ecosystem they have created.
Resources:

Rubric for Lab Report – 

	                          Lab Report : Bottle Biology


          Student Name:     ________________________________________Date ___________ 


	


	CATEGORY 
	4 
	3 
	2 
	1 

	Experimental Hypothesis 
	Hypothesized relationship between the variables and the predicted results is clear and reasonable based on what has been studied. 
	Hypothesized relationship between the variables and the predicted results is reasonable based on general knowledge and observations. 
	Hypothesized relationship between the variables and the predicted results has been stated, but appears to be based on flawed logic. 
	No hypothesis has been stated. 

	Question/Purpose 
	The purpose of the lab or the question to be answered during the lab is clearly identified and stated. 
	The purpose of the lab or the question to be answered during the lab is identified, but is stated in a somewhat unclear manner. 
	The purpose of the lab or the question to be answered during the lab is partially identified, and is stated in a somewhat unclear manner. 
	The purpose of the lab or the question to be answered during the lab is erroneous or irrelevant. 

	Procedures 
	Procedures are listed in clear steps. Each step is numbered and is a complete sentence. 
	Procedures are listed in a logical order, but steps are not numbered and/or are not in complete sentences. 
	Procedures are listed but are not in a logical order or are difficult to follow. 
	Procedures do not accurately list the steps of the experiment. 

	Drawings/Diagrams 
	Clear, accurate diagrams are included and make the experiment easier to understand. Diagrams are labeled neatly and accurately. 
	Diagrams are included and are labeled neatly and accurately. 
	Diagrams are included and are labeled. 
	Needed diagrams are missing OR are missing important labels. 

	Calculations 
	All calculations are shown and the results are correct and labeled appropriately. 
	Some calculations are shown and the results are correct and labeled appropriately. 
	Some calculations are shown and the results labeled appropriately. 
	No calculations are shown OR results are inaccurate or mislabeled. 

	Analysis 
	The relationship between the variables is discussed and trends/patterns logically analyzed. Predictions are made about what might happen if part of the lab were changed.
	The relationship between the variables is discussed and trends/patterns logically analyzed. 
	The relationship between the variables is discussed but no patterns, trends or predictions are made based on the data. 
	The relationship between the variables is not discussed. 

	Conclusion 
	Conclusion includes whether the findings supported the hypothesis, possible sources of error, and what was learned from the experiment. 
	Conclusion includes whether the findings supported the hypothesis and what was learned from the experiment. 
	Conclusion includes what was learned from the experiment. 
	No conclusion was included in the report OR shows little effort and reflection. 

	Spelling, Punctuation and Grammar 
	One or fewer errors in spelling, punctuation and grammar in the report. 
	Two or three errors in spelling, punctuation and grammar in the report. 
	Four errors in spelling, punctuation and grammar in the report. 
	More than 4 errors in spelling, punctuation and grammar in the report. 
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