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The Fabulous Life of Protists: An Inquiry Project
Teacher’s Guide

by Shannon B. Olsson, CSIP Graduate Teaching Fellow, Cornell University

Objective:  Students will utilize inquiry skills to observe and research Kingdom Protista and develop and test hypotheses based upon their observations, prior knowledge, and web research.
Subject:  Life Science
Audience:  Middle School (5th -8th grade) 
Time Required:  7 - 9 ½ periods

 
Observation: 1-1 ½ periods
 
Web Research: 1 period

Project Development (Hypotheses and Methods): 2 periods

Experimentation: 2-3 periods


Presentation: 1-2 periods or can be put on exhibit

Background
The Kingdom Protista contains both unicellular and multicellular organisms. The majority are microscopic. The kingdom can be separated into three major categories: animal-like (protozoa), plant-like (algae), and fungus-like organisms (slime molds, etc.). They live in aquatic habitats and most eat bacteria, other small organisms, or particles they find in the water. The algae, however, are autotrophs. 

This activity allows students to design and carry out an experiment related to the Kingdom Protista. It is intended to encourage as much student-driven learning as possible about this fascinating kingdom. Initially, students will observe several protists under the microscope and attempt to examine and identify them. Then they will spend a day in the computer lab researching some questions about protists. Finally, they will use this information to develop a question and test hypotheses concerning the kingdom. 
This project provides a fun and interesting way for students to learn about these tiny creatures. Protists are fascinating to watch under the microscope, and experimentation with them often requires few materials and little time. You will be amazed at the ideas students come up with for their projects!
Learning Objectives

1) Students will be able to observe and identify various protists as well as their appearance, modes of locomotion, and food intake.


2)  Students will use web-based learning to research information about various aspects of Kingdom Protista.
3) Students will generate relevant hypotheses based on their observations, web research and knowledge of protists.

4) Students will design appropriate testing procedures including variables and controls to test their hypotheses.

5) Students will carry out a self-designed research experiment based upon their hypotheses. 
6) Students will analyze the results of their experiments and generate appropriate conclusions about the behaviors they observed.

NYS Science Education Standards Addressed

1) Standard 1: Analysis, Inquiry and Design: Scientific Inquiry: Key Idea 1: The central purpose of scientific inquiry is to develop explanations of natural phenomena in a continuing, creative process. Key Idea 2: Beyond the use of reasoning and consensus, scientific inquiry involves the testing of proposed explanations involving the use of conventional techniques and procedures and usually requiring considerable ingenuity. Key Idea 3: The observations made while testing proposed explanations, when analyzed using conventional and invented methods, provide new insights into phenomena.
2) Standard 2: Information Systems: Key Idea 1: Information technology is used to retrieve, process, and communicate information as a tool to enhance learning.
3) Performance Indicator 1.1: Compare and contrast the parts of plants, animals, and one-celled organisms.
4) Performance Indicator 5.1: Compare the way a variety of living specimens carry out basic life functions and maintain dynamic equilibrium 
Assessment Strategy

Students can be assessed via the worksheets provided. Each worksheet provides several opportunities for students to demonstrate their understanding of protists. Their ability to form relevant hypotheses, create appropriate tests for those hypotheses, and to generate and interpret their results can also be assessed via the research proposal and experimentation worksheet. In addition, students can be assessed as they present their results. Finally, if working in groups, students could peer review each others’ performance. 
Teaching Tips
NOTE: This project is not intended as an exhaustive review of Kingdom Protista. You may wish to supplement this project with other readings/exercises as your curriculum requires.
Obtaining Protists
Probably one of the easiest ways for students to observe protists is through the use of “demoslides” or “readyslides.” These plastic tubes contain both protists and nutritional medium to help sustain them for several days. The tubes are narrowed at one end to provide a viewing window for use under a microscope. Wards Natural Science (http://wardsci.com) , Carolina Biological Supply (http://www.carolina.com) , and several other biological supply companies likely carry these slides (approx. $2 each as of 4/2004). It is suggested that you purchase “mixed protists” for your students. This will allow them the opportunity to view several different protists at the same time and will make identification much more interesting. 
For experimentation, you likely need to obtain larger cultures (approx. $5-$8 each as of 4/2004) . These are packaged in small jars and are available from most biological supply companies. It is suggested that your students choose one or a few types of protists to experiment with and that you order them from the supply company accordingly. This will allow you to obtain fresh cultures at the time of experimentation, and also cut down on expense.
Alternatively, you can purchase the large cultures above and prepare your own “demoslides”. Empty tubes are available from most biological supply stores ($5.20 for a set of 5 from Carolina as of 4/2004). Finally, if you perform these lessons in the fall or spring, pond protists may also be used (see below for description). 
Observing Protists (Period 1, Worksheets 1 and 2): 
Protists are fascinating to observe and students will enjoy comparing the diversity in their appearance, movement, and feeding habits. Students should be able to use a compound microscope as well as understand the basic differences between plants and animals.  Encourage them to take their time and be patient – many protozoa will swim quickly in and out of the field of view. Your collections will likely not contain all of the protists listed in the key. 
If you plan to perform this project in the fall or spring, you may wish to use the key to observe some pond water. You will likely observe many protists that are not found in the key. For further identification, the “Microscopy UK” website may be helpful: 
http://www.microscopy-uk.org.uk/index.html?http://www.microscopy-uk.org.uk/pond/taxonomy.html
and
http://www.microscopy-uk.org.uk/mag/indexmag.html?http://www.microscopy-uk.org.uk/mag/wimsmall/small.html
Protist Web Research (Period 2, Worksheet 3)
Students will use the Web to learn about various aspects of protists. Encourage students to use the sites listed as well as find some of their own. However, please remind students of the dangers in obtaining information on the Web. Often, sites are not peer-reviewed nor checked for accuracy. The chosen sites are believed to be fairly accurate for the basic questions the students are researching. The answers given in the key below are not exhaustive, but provide some idea as to what each research question implies.
Project Development (Periods 3 and 4, Worksheet 4)

During this planning time, encourage students to review the information they have previously obtained about protists (i.e. Worksheets 1-3). Then, allow them individually or in small groups to brainstorm some interesting questions they have about protists. Tell them to write down anything, no matter how “wild and crazy” it may sound. After they have a list of several items, tell them to pick the most feasible and interesting question they have. Then, they should develop a hypothesis concerning the question and start planning their methods. This worksheet also provides some information about “dependent” and “independent” variables, but you may wish to develop these concepts further.  Finally, be sure to emphasize the importance of creating humane and ethical experiments that cause as little harm to these organisms as possible. 
If students are having trouble coming up with a project idea, have them think carefully about what they have learned about protists: Where do protists live? What do they eat?  What do you think could affect the water in which they live? What changes in their environment (temperature, salinity, pH, oxygen, etc,) do you think might affect them? How are protists similar to or different from each other? Why do you think this is so?

Some examples of student projects from the pilot of this curriculum are: How do changes in viscosity affect protist movement? How do changes in salinity affect protist size/movement? What different types/numbers of protists live in various aquatic environments? How does pollution (e.g. gasoline, pesticide, acid rain) affect protist movement/metabolism? Or, a somewhat unconventional project: Do different types of music effect the speed of protists? 
During Experimentation (Periods 5 and 6, Worksheet 4)

When approving students’ proposed experiments, make sure that they understand their hypotheses. Also, ensure that they are testing only one quantifiable variable at a time and that they are controlling for other variables as much as possible. Finally, make sure that each student has created an appropriate data table and emphasize the importance of proper experimental observation and note taking during behavioral experiments. Students should write down everything they notice – especially if they observe something “weird.” Some of the best discoveries in science have occurred while looking for something else! 
Some tips for data collection: 
· If measuring protist movement: some protists turn frequently so students could measure the number of turns in 30 seconds or 1 minute. Alternatively, they might be able to time how quickly a protist moves in and out of the field of view.
· If measuring protist size: Students who have some knowledge of measuring the size of a microscopic object will find this task much easier. However, motile protists may be difficult to examine as they move quickly out of the field of view. Slower protists such as Stentors and Amoebae may be easier. During the pilot project, one group was successful with Paramecia, although they were very small.
Data Analysis (Periods 5 and 6, Worksheet 4)

Sometimes students’ results may not sufficiently answer their question, but may raise a whole set of new ones! Ensure students that this is common, and often beneficial to scientists as they can learn more and more about their organisms. Encourage students to think critically about their results and what they mean relative to the life of a protist. Also, encourage the students to think of further tests/modifications they could make to improve or expand upon their experiments.
Presentation (Period 7)

Perhaps the most important aspect of the scientific process is presenting your discoveries to others. The method of presentation may be left up to the discretion of the teacher or student. Presentations may be in the form of an oral report, a written article, a poster presentation, a PowerPoint presentation, or something else. Encourage students to be creative and show the world what they have accomplished!

When preparing their presentations, the following is a list of typical items to include:

1) Title – a quick one sentence summary of the study’s main idea

2) Abstract – Usually created last. The abstract is a concise summary of 3-7 below, outlining only the most major points of each section.

3) Introduction – A description of why you did the study, what background information you based it on, and why it is important or interesting. Make sure to state your problem, objectives, and hypotheses here.

4) Materials and Methods – This should be a detailed description of exactly how the study was conducted, including: all supplies used, a description of organisms chosen, control measures taken, and steps in the testing procedure. Much of this can be gleaned from your research and experimentation worksheet (Worksheet 4).

5) Results – A concise description of the experimental results. This should include all graphs, tables, and charts generated as well as the statistical procedures used.

6) Discussion – This is where you discuss the results in detail. Was your hypothesis supported? Why or why not? Discuss potential problems with the methods/experimentation and improvements to the study. Also discuss further studies that could be performed on the topic.

7) Conclusions – This is a short summary of what your study found. An overall conclusion of the problem you studied and a general ending to the presentation.

Answer Key for Worksheet 3:
1) What are the three major types of protists?
Animal-like (protozoa), Fungal-like (slime molds and others), and Plant-like (algae and others) Found on these websites: http://www.lanesville.k12.in.us/LCSYellowpages/Tickit/Carl/protists.html and http://www.pburg.k12.nj.us/phs/biopages/protista8/anatomy.htm 

Where do protists live?
Protists live in many different types of aquatic habitats including, ponds, lakes, streams, oceans, and even mud puddles (found on various sites)

What do protists eat?
Like their name implies, plant-like protists (e.g. algae) produce their own food.  Animal-like protists ingest bacteria, other protists, and particles they find in the water.  Fungal-like protists feed on dead or decaying organic matter, bacteria, and sometimes other fungal-like protists (found on:  http://www.lanesville.k12.in.us/LCSYellowpages/Tickit/Carl/protists.html and http://www.microbeworld.org/htm/aboutmicro/microbes/types/protista.htm )
2) How do protists grow?
Some protists grow from spores (such as slime molds).  Others use binary fission and asexual or sexual reproduction. See  http://www.pburg.k12.nj.us/phs/biopages/protista8/kingdom.htm



3) How do protists reproduce?
See above answer.


4) How can protists benefit humans?
Protists are used in toothpaste, scouring pads, filters, puddings, salad dressings, and others.  Found on:  http://www.lanesville.k12.in.us/LCSYellowpages/Tickit/Carl/protists.html 


5) How can protists harm humans?

Protists cause amoebic dysentery, African sleeping sickness, malaria, plant blights, red tide (from dinoflagellates), and others.  Found on:  

http://www.sirinet.net/~jgjohnso/protista.html and
http://www.lanesville.k12.in.us/LCSYellowpages/Tickit/Carl/protists.html - 

Special Thanks:  to Ms. Lynn Vaccaro for her templates for the web research, project proposal, and experimentation portions of this project.
This material was developed through the Cornell Science Inquiry Partnership program (http://csip.cornell.edu), with support from the National Science Foundation’s Graduate Teaching Fellows in K-12 Education (GK-12) program (DGE # 0231913 and # 9979516) and Cornell University. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the NSF.
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