Teaching Idea: An Ecological Field Study with Statistical Analysis of Two Populations
Students will design an investigation that compares a characteristic of two populations of the same species. Students will collect data in the field and analyze the data using descriptive statistics.  (For the purposes of this lesson, 'two populations' could be artificially simplified to mean, for example, oak trees behind the school versus oak trees in front of the school.)




Learning Objectives:

1. Pose questions about the natural world.
1. Conduct a scientific investigation.
1. Review what is known in light of empirical evidence.
1. Design and evaluate a scientific investigation.
1. Use tools to gather, analyze, and interpret data.
1. Pose answers, explanations, or descriptions of events.
1. Communicate results of scientific investigations.
1. Discuss the characteristics of populations, such as number of individuals, age structure, density, and pattern of distribution.
1. Use statistics appropriate to the shape of the data distribution to compare center (mean) and spread (standard deviation or standard error) of two or more different data sets.

Guiding Questions:

1. Is the research question/hypothesis testable given the materials available to the student and the empirical nature of science?
2. Are the independent and dependent variables related in a cause-effect relationship?
3. Have at least some appropriate controlled variables been chosen?
4. Does the method for data collection allow the dependent variable to be numerically measured in a way that takes constants (controlled variables) into account?
5. Are data tables and graphs formatted properly?  Make sure the axes are labeled and the data is entered so that the correct relationship is portrayed between the independent and dependent variables.
6. Was the mean, standard deviation or standard error, and a t-test calculated properly?
7. DO the students understand the significance of the statistical results in relation to supporting or not supporting the research question/hypothesis?

Prior Knowledge:
· Students should have had at least a basic introduction to the scientific process.
· Students should have had experience using the metric system.
· Students should have had experience generating and interpreting graphical representations of data, including data tables and graphs.
· Students should bet trained on generating and interpreting statistical analyses including the mean, standard deviation and/or standard error, and a t-test.
Lesson Idea:
· The student will propose, in writing, an ecology-related research question that investigates a characteristic of one species, comparing two populations of that species.
· The teacher will review each, giving feedback individually, or within small groups of students, or to the whole class to ensure that each research question is honed until it is clear, concise, conforms to the aim of this lesson, and is do-able given the local resources available to the students.
· Each student will investigate his/her own approved research question, or, at the teacher's discretion, students will choose one question within a group (of 3-4 students) to share, or the entire class will work on a common research question.
· Students will design an investigation to research their question. Students will choose independent and dependent variables, write a hypothesis (optional per teacher preference), design a method that will allow data for the variable(s) to be collected in a controlled fashion, and analyze data using descriptive statistics. 
· The teacher must first insure that each student clearly understands the concept of and relations among the types of variables (independent, dependent, and controlled) in a scientific investigation.  This is absolutely essential as the variables are the keystone to an investigation.  It may help students to not learn the term 'controlled variables' and instead learn the term 'constants' to avoid confusion with the concept of positive and negative 'controls', which this lesson need not address since it is (likely) a field study, not (necessarily) a controlled experiment.
· The teacher must be willing to produce controlled chaos.  If individual students or groups are working on different research questions as is an option here, the teacher must maintain student focus without subverting student creativity and needs.  More learning of content, acquisition of skills, and even fun will result for the teacher and students from open-ended, multiple-topic investigations than if every student follows the same instructions at the same time.  The teacher must be prepared to be 'a learning leader', not a 'knower of all things'.  When the teacher is able to step back from a position of total academic control, and the students are able to step up when researching content-related topics, 'teaching' and learning will be meaningful, fulfilling, and fresh year after year.
· Inform students that science can be a messy process and rarely there is an experiment that 'works' the first time.  Students should expect to re-design their data collection procedures several times in order to collect data meaningful to the dependent variable that accounts for as many controlled variables (constants) as possible.  
· The teacher may choose the level of depth that each aspect of the scientific process, as outlined in the scoring rubric (attached), will be attended to by the students.  
· The two main goals of this lesson, besides learning the scientific process, are the comparison of two populations of one species in terms of physical characteristics, and then comparing one characteristic statistically (center and spread) of the two populations. 
· If there are few accessible natural areas to students, even simple characteristics could be studied such as comparing tree leaves or ant mounds.  If even sparse natural areas are not available, the teacher could bring in samples for students to analyze, e.g., pond water, weeds, or online images (pictures, micrographs, satellite images).
Research Question Examples:
· What is the effect of location (front lawn or back lawn) on the length of leaves on oak trees?
· What is the effect of soil pH on the length of leaves on oak trees?
· What is the effect of soil type from two otherwise similar locations on the number of ant mounds present?
· What is the effect of light intensity on the number of plants (of one species) that are flowering (or fruiting)?
· What is the effect of light intensity on the number or surface area of lichen present on oak trees in two different areas (having different light intensities)?
· What is the effect of turbidity of two different ponds on the number/size/mass of a certain species of alga or plant or animal?

Data Analysis:
· Students can record data and construct graphs using a pencil and paper, although it may actually be more meaningful and easier in the long run for students to use a digital means of generating tables and graphs such as Excel or any number of free online graph generators.
· A scientific calculator, Excel, or any number of free online sites can be used to generate statistical tests (standard deviation, standard error, and a t-test).
· The student is able to support his/her hypothesis only if the statistical test allows.  In other words, there must be a 'big enough' difference between the two data sets for the independent variable to be considered to have had a significant effect on the results.  'Big enough' means that the standard deviation or standard error (expressed as a range) from one data set does not overlap with the standard deviation or standard error from the data set.  A t-test is another, more powerful, way to represent this.  If the p-value associated with the t-test is not less than .05, there is no significant difference between the data sets, even if the sets have different means.  A p-value less than .05 would allow the student to not support a null hypothesis but support an alternate hypothesis.  (Most students naturally write alternate hypotheses, e.g. "If juniper bushes receive more shade, then they will have fewer fruits than bushes that receive less shade."  A null hypothesis would be stated in a way that assumes no difference, e.g., "If two populations of juniper bushes are observed, and one receives more shade and the other receives less, then there will be no statistically significant difference between the number of fruits produced by both populations.
· Below is a simpler analogy for understanding standard deviation. (Standard error is related to standard deviation and can be used instead of standard deviation if the teacher desires that the effect of sample size be included in the analysis):
Regarding statistical analysis, it is assumed that all students understand what the mean (the common average) is.  Standard deviation is assumed to be understood much less, although it can easily be automatically calculated using a hand-held scientific calculator or a free online calculator.  To understand the importance of standard deviation, the teacher could use the analogy of class grades.  If Ms. Smith's class had a mean of 86% on a test and Ms. Jones' class had a mean of 84% on the same exact test, did Ms. Jones' students score, on average, lower?  -Yes.  But are Ms. Smith's students more knowledgeable? To answer this, use the standard deviations of each class.  If the standard deviation of Ms. Smith's class is 2% or more, then there is no statistically significant difference between the classes since there was a 2% difference between the means.  Additionally, standard deviation can give a numerical value to the spread of the data.  If both classes had the same mean, say 80%, a larger standard deviation in one class and a smaller in the other would mean that the former class had students with more diverse scores both lower and higher from the mean, and the latter class had individual student scores that tended to be much closer to the mean.  For a biological example, a higher standard deviation for the size of leaves for a population of trees would mean that the leaves varied in size more than a population with a smaller standard deviation where the leaves of that population were more uniform in size.

Rubric:
Use this scoring rubric as a guide:
Note: Certain components of the scoring rubric will not be appropriate for certain research questions and methods. Therefore, point values for the components of the rubric are left to the discretion of the teacher.
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Research Question:
· Specific
· Original/creative
· Significance of the RQ is subsequently explained

Hypothesis:

· Testable
· Properly stated to relate the independent to the dependent variables
Variables:
· Independent variable
· Dependent variable
· Constants
Projected Errors and/or Uncertainties:
· A brief list of variables that students cannot control for, e.g., weather, limited sample size, accuracy of equipment
Materials:
· Comprehensive
· Precise
Methods:
· Reasoning for each step is self-evident or explained
· Sufficient detail allowing reproducibility
· Sufficient data collected
· Setting up the apparatus
· Description of the control(s) [Controls may not be possible to set up, or may not be appropriate for a field study.]
· Performing the experiment
· Collecting data
· Actions taken to maintain constants and minimize error
· Multiple trials
· Method(s) of data analysis and statistical analyses
· Safety precautions and ethical considerations
· Photographs/Diagrams/Illustrations
Raw Data:
· Each table has labeled rows and columns including the name of the variable and the units it is measured in.
· Each table has a title sentence
· Instrument error (precision) notation, e.g., "all measurements are +/- .1cm"
3 raw data tables:
· 1) Values for the independent and resulting dependent variables for the experimental and control setups
· 2) Summary of constants
· 3) Qualitative data
· Photographs!
Processed Data:
· Each table has labeled rows and columns, a title sentence, and standard error notations
· Each graph has labeled axes 
· Each graph has a specific descriptive title (a descriptive and specific sentence)
· Don't graph raw data if multiple trials are conducted.  In this case graph only averages from each trial.
· Each graph includes whiskers on every point or bar representing the standard error or the range (specified)
· Easy to interpret; scaled properly
· Scatter plots (if used) have lines of best fit. Bar graphs are typically preferred/appropriate.
· If addition, subtraction, multiplication, or division was performed on raw data, the student must show all work--for just one example--of each type of calculation.
· One or more statistical tests for significance (standard deviation, standard error, and t-tests) must be performed in Excel or a related program or on a scientific calculator.  The student does not need to perform the calculations by hand, but should report which data columns were entered and which program was used to produce the results of each statistical test.
Analysis:
· Descriptions of relationships, trends, and outliers
· Refer to specific processed values/numbers such as mean values and standard errors (but not raw data).
Conclusions:
· Clearly state whether the data supports or does not support your hypothesis referring to the results of your statistical test(s).
· Discuss the significance of your findings to society, technology, or to related scientific findings of others.
· Discuss and propose solutions for any unresolved issues, questions, factors of ineffectiveness, uncertainty, and error.
· Describe future research you might conduct to understand your area of investigation in a broader sense.
· All written portions flow well and are neat, logical, thorough, and insightful, and should show depth of understanding as well as personal interest in the topic.
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