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Discipline
Environmental Science, Research Design
Target Audience
An upper level undergraduate or introductory level graduate course in research design
Keywords
Experimental design, manipulative experiments, research question, research hypothesis, phytoremediation, phytoextraction 
Length of Time/Staging
This problem requires approximately two 75-minute class periods if used as a two-part problem separated by a lecture or discussion. The first part of the problem (approximately 20 minutes in length) can be used prior to a lecture on the basic elements of experimental design.  The second part of the problem can either be completed during the next class period or as a homework assignment. It requires approximately 45-60 minutes to complete. Alternative methods of delivery are detailed in the Format of Delivery section below.
Abstract
Phytoremediation is a technology for removing soil and groundwater contamination using plants.  In this two-part problem students are given a brief case study to read about how phytoremediation had been successfully used to remove lead from soil at a former manufacturing site.  Students are then asked to consider how the researchers may have arrived at these results and what elements went into their experimental design.  The second part of the problem requires students to think through and develop alternative research questions and hypotheses related to this topic.  Additionally, students are asked to develop a checklist based on the basic elements of experimental design and employ their checklist to flesh out an experimental design to test their research hypothesis.  This problem is useful as a supplement to a lecture on the basic terminology and concepts of experimental design.  
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Format of Delivery
The first part of this problem can be used to introduce a lecture/discussion about the basics of experimental design including types of experiments, terminology, elements of experimental design, etc.  Students read the case study and then work in groups to respond to three questions.  The questions can then be discussed as a class (approximate time to complete 20 minutes).  
The second part of the problem can then be presented after the lecture to help students better understand the process of designing an experiment.  It is helpful for students to work in groups or two or three and to have ready access to the Internet to help with background research. If time permits, the responses could be discussed as a class (approximately 45-60 minutes to complete assignment)
Alternative methods of delivery: 
· as both a classroom and homework assignment in which students work on the first part in class as a group and the second part independently for homework and turn in their responses in written form (requires less than one class period); 
· as a more formal assignment in which students propose and present their experimental protocol as a class presentation (requires one to two class periods);
· one way to reduce the time required for this problem is to have the class brainstorm the experimental design checklist as a class.
Student Learning Objectives
Upon completion of this problem, students will be able to
· gain a basic understanding of the process of phytoremediation for removing soil contamination;
· define and develop research questions and hypotheses that are well defined and testable;
· compare and contrast laboratory versus field studies; 
· define experimental design terminology including treatments, factors, levels, experimental and observational units, replication and randomization; 
· develop a basic framework in order to test a specific research hypothesis; and
· outline and describe the steps necessary to design an experiment.
Student Resources
Experimental Design Resources: 
A textbook that covers the basics of research and experimental design.
Cornell University and Penn State University (2009).  Environmental Inquiry: Authentic Scientific Research for High School Students. “Some Tips for Planning an Experiment.” Cornell and Penn State University.  Retrieved from: http://ei.cornell.edu/student/exptdesign.html
(This website provides a very concise overview on how to plan an experiment.  It also provides a number of experiment examples from the environmental science field.)
Stevens, John R. (2015). STAT 5200 Handout #3: Statistical Terminology (Ch. 1-2). [Lecture handout]. Retrieved from: http://math.usu.edu/jrstevens/stat5200/3.Terminology.pdf
(A glossary of experimental design terminology with specific examples.)
Phytoremediation Resources: 
Environmental Protection Agency (2001, July). Brownfields Technology Primer: Selecting and Using Phytoremediation for Site Cleanup. [EPA document 542-R-01-006] Retrieved from: https://www.epa.gov/sites/production/files/2015-04/documents/phytoremprimer.pdf
(a comprehensive document on using phytoremediation to clean up contaminated sites.)
Environmental Protection Agency (2009, September). A Citizen’s Guide to Phytoremediation. EPA 542-F-12-016. Retrieved from: https://www.epa.gov/remedytech/citizens-guide-phytoremediation.
(This 2-page guide provides a concise summary of the concept of phytoremediation and how it is being used to clean up contaminated soil.)
Frank J. Peryea (1999). Gardening on Lead- and Arsenic-Contaminated Soils. [Washington State University Cooperative Extension bulletin EB1884] Retrieved from: www.ecy.wa.gov/programs/tcp/area_wide/aw/appk_gardening_guide.pdf
Instructor Resources
Same as student resources.
Author's Teaching Notes
It is helpful to review the experimental design checklists prior to students using it to flesh out their experiment.  If time permits, the checklists could be discussed as a class in order to ensure completeness. 
A lecture on experimental design should address the basic terminology and elements of design including: 
· research question and research hypothesis
· measurement
· natural versus manipulative experiments
· treatment, factor, level
· experimental versus observational units
· replication versus pseudoreplication
· randomization of experimental units to treatment groups
· types of experimental design
· controls
· control of extraneous variables
Assessment Strategies
· A grading rubric to assess student written responses or oral presentations.
· Midterm test questions that are annotated versions of this problem in which students have to develop elements of experimental design given a specific research question.
Solution Notes
Part 1:
1. What is the research question that was being investigated in the case study?
Is Brassica juncea effective at removing lead from soil on a former lead-acid battery manufacturing site? (or similar question)
2. In your group brainstorm about how the experiment may have been conducted to obtain the results of the case study.  Consider what data may have been collected and other important elements of experimental studies. 
This is a good way to assess where students are in terms of their understanding of experiments and experimental design.  Any gaps can then be covered in the subsequent lecture.

3. Are there any terms or concepts presented in the case study that need to be clarified?  List the items and conduct Internet research to clarify these items.  Record the definitions or explanations of a concept.
It’s important to ensure students are using credible sources of information and to ensure the definitions and concepts are accurate.  This can be done through class discussion or clarified by the instructor during lecture.
Part 2:
1. Brainstorm within your group and come up with three alternative research questions for an experiment that uses plants for removing lead contamination from soil. 
Research question: Research questions should be well defined rather than general.
· Example 1: Can fertilizer cause increased plant growth?  (too vague, no indication of what fertilizer or “growth” means, which plants?, no way to test).
· Example 2: What soil pH achieves the maximum yield of tomatoes from tomato plants? (specific and is able to be tested through experiment)
2. Pick one of the three research questions that you have just developed and rewrite the question to turn it into a testable research hypothesis. 
The hypothesis should be well defined and state a direction about what will happen.  The hypothesis should be able to be tested through an experiment.
3. Develop a checklist that outlines the basic elements to consider when designing an experiment.  You should have a minimum of 10 elements.
The basic elements that should be included are:
· type of experiment: lab or field?  natural or manipulative?
· identify and define independent variable 
· identify and define dependent or response variable
· measurement of independent and dependent variables
· control of extraneous variables
· randomization of experimental units to treatments
· replication
· if a natural experiment is performed – additional elements such as where and when the experiment will take place

4. [bookmark: _44sinio]Using your checklist, flesh out each experimental design element specific to the research hypothesis that you have previously identified.
There are multiple correct answers to the questions depending on the research hypothesis identified by the student.  A grading rubric can be used to assess student responses to evaluate the accuracy and completeness of responses.
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