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Investigating
Garden Environments

	Lead Staff Member 
	Time Allotment 

	Dan Shepardson
	3-4 hours


Overview

	This experience models inquiry-based investigations into environmental factors (abiotic factors), population dynamics, and interspecific interactions in a garden environment.  These investigations may also be adapted for use within other environments.  The emphasis is on inquiry and questions before answers, the development of sampling techniques, and the use of scientific ideas in the construction of explanations.


Instructional Cluster

	· Sense of Purpose
	(  Eliciting Ideas
	(   Engaging Learners 

	The garden environment investigations are framed by guiding questions that direct learners toward investigating and learning about environmental factors, population dynamics, and interspecific interactions in a garden setting.
	Before learners design their investigation, they list their prior ideas and understandings about the focus of their investigation—guiding question.
	Learners design and conduct a field investigation exploring the environmental factors, population dynamics, or interspecific interactions in a garden setting, utilizing quadrat sampling techniques.

	· Developing and Using  

Scientific Ideas 
	· Reflecting on Ideas   and Experiences 
	· Assessing Progress
Each team provides an assessment question and answer, and the questions from all teams are used to assess learning.  Participants develop a scoring system for assessing the scientific poster.

	Through the analysis, interpretation, and communication of data learners construct understandings about environmental factors, population dynamics, and interspecific interactions in a garden setting.  Scientific ideas are used in developing explanations.
	Each team presents the investigation, results, and interpretations to the group in the form of scientific poster.
	


	Objectives

(  Learn about environments through designing and implementing garden-based investigations.

(  Investigate the environmental factors, population dynamics, and interspecific interactions in a garden setting.

(  Develop inquiry abilities and understandings, including quadrat sampling techniques
	Materials

· Light meters

(  Soil pH meters

· Soil moisture meters

· Soil thermometer

· quadrats

· Yard sticks/other measuring devices

· Insect nets and pitfall traps

Safety Issues/Precautions  

Learners need to be cognizant of potential allergies and insect and spider bites, as well as possible plant needles.

	
	

	
	


	Procedure

1. The purpose for these investigations is to learn about the relationship between plants and their environments, as well as the ecological relationships within a garden environment.  To accomplish this, learners will be divided into teams to answer a specific question based on the data they collect.

2. Divide learners into teams of three or four and assign each team to a garden environment to investigate.  Learners may also be asked to investigate one of the questions listed below (a brief description of the investigation and variables to consider follow each question).  An option would be to assign similar investigations to different teams to make comparisons and to verify findings.  Questions 1-3 focus on environmental factors, question 4 looks at population dynamics in an environment, and question 5 deals with interspecific interactions within an environment.

· Does the vegetative canopy affect light transmission?  Investigates the relationship between the light intensity at soil level and type of plant, plant density, height of plant, number of leaf layers, and leaf area.

· Does vegetative cover affect soil temperature?  Investigates the relationship between soil temperature at different depths and type of plant, density of plant, height of plant, canopy area.

· Does soil moisture change as the vegetative cover changes?  Investigates the relationship between soil moisture and type of plant, plant density (spacing), height of plant, and canopy area.

· Is there a relationship between arthropod populations and vegetation type?  Investigates the relationship between plant type and arthropod populations using pitfall traps, visual counts, and sweep nets.

· Is there a relationship between herbivore activity (damage) and vegetation type?  Investigates the relationship between plant type and herbivore damage by determining the percentage of leaf damage.  Investigation may be adapted to look at less diverse systems (monoculture or weeded plots) and more diverse systems (polyculture or unweeded plots).

3. Quadrat Sampling.  Quadrats are small sampling plots that are randomly or systematically chosen and appropriately sized to permit inferences to be made about the environment being investigated.  Typically, quadrats are one meter square in size, and at least three quadrats are needed per environment in order to make interpretations about the environment.  The rule of thumb on the number of quadrats is that the total number of quadrats should equal about 10% of the total area being studied.

4. Species Diversity.  Species diversity describes how many species (richness) are found in the environment and how the species are represented (evenness) within the environment.  Simpson’s Index of diversity is a measure of dominance (0 to 1, low to high dominance):

( = ( ni(ni-1)/ N(N-1)

Where ni   is the number of individuals for each species and N is the total number of species.  The reciprocal of Simpson’s Index (1/() is the number of species “it feels like” and is often used as the diversity index instead of (.

Example from Bramble (1995):

Forest A                                 Forest B

Species     n     n(n-1)           n          n(n-1)

  1            20    380                  96      9120

  2            20    380                    1            0

  3            20    380                    1            0

  4            20    380                    1            0

  5            20    380                    1            0

Sum  N=100    1900               N=100     9120

(       1900/(100x99) = .19      9120/(100x99) = .92

1/(    1/.19 = 5.2                      1/.92 = 1.1

5. Community Similarity.  The similarity of two communities or environments may be compared.  The coefficient of community (C) index indicates how similar two environments are in terms of species (O no similarity or 1 identical).

C = 2W/a + b

Where “a” is the sum of the species in environment one, “b” is the sum of the species in environment two, and “W” is the sum of the species with the smallest values (numbers) in both environments.  If several species have the same low value all are summed.

Using the example from above:

“a” = 100       “b”  = 100

W = 20            W = 4 (there are 4 species with the same low value)

W = 20 + 4 = 24

C = (2x24)/(100+100) = .24

6. Investigating the garden environment.  Each team will conduct an investigation of their assigned environment.  Each team will:

· Draw a map of their environment, noting the location of the major plant types and other factors or conditions of the environment; spatial arrangement and distribution.

· Determine how many quadrats to conduct and if they will use random or systematic quadrat sampling techniques.

· Collect the following data for each quadrat: vegetation type and number, light intensity, relative humidity, air and soil temperature, soil moisture, soil pH, wind velocity and direction, animal type and number, and other biotic and abiotic factors the team feels is necessary to construct a picture of their environment.

· Additional parameters/variables that teams could measure are: slope, precipitation, seasonal variation, duration of light, soil conditions (N,K,P), and insect leaf damage.

7. Data analysis.  Each team will analyze their data, including the calculation of a Simpson’s Index of diversity.  Data analysis might include determining the frequency, abundance, and density of the organisms observed.  Frequency is the percentage of quadrats a species occurs in.  Abundance is the comparison of the total number of a species to the total number of all species.  For example, the total number of Asters to the total of all plants.  Density is the total number of a species per unit area sampled.

8. Each team completes the investigation planning sheet (Appendix) and has their plan approved.  Team plans are first reviewed and approved by another team before being reviewed by the instructor.   Teams then collect their data, and complete the investigation report sheet (Appendix) and use scientific resources to assist in developing and explaining their findings.

9. Each team presents their investigation, data, interpretations, and explanations as a scientific poster.

10. Each team provides the instructor with an assessment question and answer, and the questions from all teams are used to assess learning. .  If time allows, each team develops a scoring system for assessing the scientific poster.


	National Research Council Science Education Standards




Professional Development

	Professional Development Standard A  Professional development for teachers of science requires learning essential science content through the perspectives and methods of inquiry.

· Address issues, events, problems, or topics significant in science and of interest to participants.

· Introduce teachers to scientific literature, media, and technological resources that expand their science knowledge and their ability to access further knowledge.

Professional Development Standard B  Professional development for teachers of science requires integrating knowledge of science, learning, pedagogy, and students; it also requires applying that knowledge to science teaching.

· Address teachers’ needs as learners and build on their current knowledge of science content, teaching, and learning.

· Use inquiry, reflection, interpretation of research, modeling, and guided practice to build understanding and skill in science teaching.

Professional Development Standard C  Professional development for teachers of science requires building understanding and ability for lifelong learning.

· Provide regular, frequent opportunities for individual and collegial examination and reflection on classroom and institutional practice.

Professional Development Standard D  Professional development programs for teachers of science must be coherent and integrated.

· Clear, shared goals based on a vision of science learning, teaching, and teacher development congruent with the National Science Education Standards.




Teaching  

	Teaching Standard B  Teachers of science guide and facilitate learning.

· Orchestrate discourse among students about scientific ideas.

· Challenge students to accept and share responsibility for their own learning.

Teaching Standard E  Teachers of science develop communities of science learners that reflect the intellectual rigor of scientific inquiry and the attitudes and social values conducive to science learning.

· Display and demand respect for the diverse ideas, skills, and experiences of all students.

· Nurture collaboration among students.


Inquiry 

	Identify questions that can be answered through scientific investigations.

Use appropriate tools and techniques to gather, analyze, and interpret data.

Develop descriptions, explanations, predictions, and models using evidence.

Think critically and logically to make the relationships between evidence and explanations.

Recognize and analyze alternative explanations and predictions.

Communicate scientific procedures and explanations




Content 

	Life Sciences: Populations and ecosystems.

Science in Personal and Social Perspective: Populations, resources, and environments.




Assessment 
	Assessment Standard A  Assessments must be consistent with the decisions they are designed to inform.

· Assessments are deliberately designed.

· Assessments have explicitly stated purposes.

Assessment Standard B  Achievement and opportunity to learn science must be assessed.

· Achievement data collected focus on the science content that is most important for students to learn.

· Equal attention must be given to the assessment of opportunity to learn and to the assessment of student achievement.

Assessment Standard C  The technical quality of the data collected is well matched to the decisions and actions taken on the basis of their interpretation.

· The feature that is claimed to be measured is actually measured.

· Students have adequate opportunity to demonstrate their achievement.




	Resources

Andrews, W.A. (1974).  A Guide to the Study of Terrestrial Ecology.  Englewood Cliffs, NJ: Prentice-Hall, Inc.

Bramble, J.E. (1995).  Field Methods in Ecological Investigations for Secondary Science Teachers.  St. Louis, MO: Missouri Botanical Gardens.

Gilessman, S.R. (2000).  Field and Laboratory Investigations in Agroecology.  Boca Raton, FL: Lewis Publishers.



	


Investigation Planning Guide

Names(s)






Date

	What is the problem:
	What we already know about the problem:



	Investigation question:



	Why we think this is important to investigate:



	In most investigations we are interested in how one particular variable changes in response to variations in one or more other controlling variables.  This particular variable that we focus on and measure is called the dependent variable.  The other variables we measure, whose changes cause variations in the dependent variable, are called the independent variables.  Other variables that could affect the dependent variable but which we keep constant in our investigation are called the controlled variables.



	What is the dependent variable in our investigation?



	What are the independent variable(s) in our investigation?



	What are the controlled variable(s) in our investigation?



	 Prediction.  What we think will happen.



	Explanation.  The reasons for our prediction.




	Procedure for conducting the investigation:



	How will the results be used to answer the question?




Investigation Report

Name(s)






Date

Be sure your investigation report includes sections for each of the components listed below.  

· Data collected (attach)

· Data transformation (graph, table, etc.) (attach)

· Interpretation of data

· Explanation of data (using scientific ideas to explain results)

· Reflection on original reason for investigation

· How would I change this investigation to improve it?

· What new research questions have been raised as a result of this investigation?
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