An Alternative to Individual Elementary/Middle School Science Projects

by Carolyn Simon

Kirk Christian Day School


My first job working in research at a lab at Washington University Medical School gave me much appreciation for how basic research is conducted.  It only took a few times of forgetting to include a control in my procedure before I understood the significance of that part of an experiment. Over the years I learned that the processes involved in a carefully crafted experiment were crucial to basic research.   When I switched careers to secondary science education, I had a desire to share my passion for the scientific method with my students. 


Throughout the following years my experience with science projects was both rewarding and frustrating.  At the junior and senior high school level, with my supervision, a student generally could develop an individual project that met the goal I had for him, to demonstrate an understanding of the processes involved in a controlled experiment by actually doing one.  Of course there was the perennial “Which battery lasts the longest?” question that seemed to show up even at the high school level.


In 1993, I took a course, Field Methods in Ecological Investigation, led by Judy Bramble that was based out of the Litzsinger Road Ecology Center (LREC), a division of the Missouri Botanical Garden.  I was able to use a few of the investigations at Eureka High School because the school had a creek, woodland, hillsides of pea plants, and numerous resident grasshoppers just beckoning for a mark and recapture population study.  Moving to Rockwood Summit High School did not allow for such field work and taking multiple sections of students to LREC didn’t seem workable. 


When I started teaching at Kirk Christian Day School, I had my energetic 5th graders conduct individual science projects.  The background and maturity of the students was understandably not developed enough for the students to attempt rigorous controlled experiments independently.  With my supervision and parent involvement my students did produce some outstanding projects.  


There was a nagging thought that there had to be another way to introduce students to the scientific method and have them work through it without the general dread that it sometimes engendered in students, parents, and teachers, alike.  As an elementary teacher I had other subjects to teach as well and found that more of the responsibility to conduct the experiment was left to the student and his/her family than I would have liked. 


I decided to have my class work corporately on a rigorous controlled experiment in which they would work through all of the steps but didn’t have to dream up every part of it.  I modified the field study on allelopathy from my course at LREC to work with my 5th graders.  I have been doing this for 6 years now, and with revisions each year I find it fits my objective for my students better than individual projects.


There are various advantages to this approach over the conventional science project. Because I introduce and teach the concept of allelopathy I can ensure that my students have a basic understanding of what they are studying.  We work through the project together, and each child is responsible for completing his own field book, so everyone has to do the work.  The multiple samples (72) that groups of students work on give more valid results than only doing 20 radish shoots on their own. My directing what the students do is another way of modeling what a good science project looks like.  In 5th grade I have opted to model the design of a rigorous experiment and let them carry it out.   While the world “allelopathy” may be new to students and parents alike, it is a current topic in plant research, and my students are being exposed to real world uses of this topic.


Though the project is a bit sophisticated for elementary students I have felt justified when parents relay what their children have learned.  One mom reported how her son commented as she was placing various plants in the ground that spring, “You can only hope, Mom, that none of those plants are allelopathic!”  I think one could safely say he internalized his study of the concept.

The following pages contain the lessons, fieldwork, and labs I use for this unit on allelopathy.

Grade Level 5-7

Time Frame: 3-sixty minute class sessions prior to the field visit.

                     Field visit to LREC – ½ day

          
         Post field labs: 2-ninety minutes periods 


         Write up time in class – 2 or more class sessions

      

Practice with power point presentation – 1-2 class sessions

Missouri Assessment and Performance Standards: 

     Strand 4.1 – Organisms are interdependent with one another and with their 
environment.

     Strand 7.1 – Scientific understanding is developed through the use of science process 
skills, scientific knowledge, scientific investigation, reasoning, and


critical thinking.

Day 1 – (60 minute period) – The Scientific Method

Objectives: Students will be able to explain and use terms related to steps in the scientific method.

Hook: Write the following terms on the board:  hypothesis, data table, conclusion, question, control, independent variable, and dependent variable, experiment.

“What do all of these terms have in common?  (Parts of the scientific method.)


I model the steps of the scientific method using a simple question/experiment that can be worked through in part of a class lesson.  The steps of the scientific method are listed on an overhead, and I elicit responses from the students as we move through the steps. The students copy their responses on their own sheets. (See Appendix A)


I use this as a quick demonstration of the steps of the scientific method.  Any step can be pursued in more detail. Some years I have recorded the temperature instead of just hot/cold and graphed accordingly.   You could also do intermediate temperatures and plot a line graph.

 The following is an example:

Scientific Method
A. State the problem (in question form)


Will dye disperse faster in hot or cold water?

B. Collect information on the problem (research)


Warm molecules move faster than cold ones.

C. Form a hypothesis


Dye will disperse faster in hot water.

D. Experiment to test hypothesis


1. Fill two flasks with water.


2. Heat one almost to boiling.

3. Put two drops dye (food coloring) in each flask.


4. Students with stopwatches time how long it takes for the dye to be dispersed evenly throughout the flask. (I put the flasks up on the overhead.  The illumination helps everyone to see it. We decide together when the dye is evenly dispersed.)  

E. Record and analyze data (charts, graphs

Temperature
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Cold

Min. to disperse
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F. Form a conclusion (what and why)


The dye dispersed faster in the hot water because hot molecules have more energy and move faster, thus mixing the contents of the flask.

G. Replicate the work 


Do the experiment again or have multiple samples in your experiment.

I also show the students various types of graphs that can be used to display data.

Control and independent/dependent variables


A discussion of control and independent/dependent variables is necessary.  These concepts are quite abstract for the elementary student.  I find that presenting examples and having students generate examples helps them to gradually understand these concepts. 

Here are working definitions that I give my students:

Independent variable (IV) – what I (the experimenter) change; what I am testing.

Dependent variable (DV) – what changes as a result of what I changed; what is being tested; what is measured at the end.

Control – the group used for comparison; the normal situation; the group without the thing you are testing.


I have students identify the independent and dependent variable in the dye dispersion experiment.  The control is not as obvious though can be implied in this simple experiment – the normal temperature.


We work through Jill’s Experiment (Appendix B) as a class, and I then give students copies of the IV/DV sheets (Appendix C).  We work on several of these together, and one is assigned for homework.  The students do not have to do these experiments they just need to identify the various parts.


For students that need more help with formulating the problem you can give them the structures below:

How does ________________________ affect _____________________________?

What effect does ________________________ have on _______________________?

Examples:

How does the amount of sunlight affect the growth of plants?

IV – position of plants, amount of sun; DV – height of plants;

Control – plant in normal light condition

Does Vitamin C help prevent colds?

IV – whether or not person takes Vitamin C (or dosage of Vitamin C);

DV – number of colds person gets; Control – person(s) who do not take Vitamin C

How does temperature affect the change in leaf color in the fall?

IV – temperature; DV – color of leaf; Control – base/normal temperature

What effect does caffeine have on reaction time?

IV- presence or concentration of caffeine: DV-reaction time; Control- no caffeine.

Day 2 – Introduction to the Concept of Allelopathy

Objectives – Students will be able to explain the concept of allelopathy

 - Students will predict which plants might be allelopathic from their 
placement on a plot drawing.

Hook – play musical chairs with some of the children in the class. The children are the plants, and the chairs are the resources.  Have students list the resources that plants need: water, nutrients, space to grow, sun, soil, carbon dioxide, oxygen.  The chairs could be labeled with these words.  Use this activity to discuss the concept of competition for resources.  

Some plants have been designed to protect their access to resources by using allelopathy.

Allelo=other        pathy=disease


Allelopathy is the process in which certain plants keep other plants from growing too close to them.  This is usually done using chemicals that the plant produces and releases into its surroundings. This is done in one of three ways.  1) A gas is released through the leaves and reaches other nearby plants. 2) As dropped leaves decompose a chemical is released into the soil that is thereby picked up by other plants. 3) The roots release a chemical directly into the soil.

Activity: Play musical chairs again. This time have children imagine that one or more chairs have a chemical that will poison any plant that sits on it. This chemical has been sent out by another plant.

Ask students: How do you think we could tell by observing a plant and its surroundings whether or not it uses allelopathy? (Look at the closeness of other plants.)

Show plot drawing of various plants and have students predict which plant might be allelopathic.  (A, B and C are three different plant species.)




          C

A



AB

A  A B





        B



C



C







Plant C might be allelopathic. There are no plants very close to it.

Activity – Give students baggies of various colored pompom balls (4 tan, 5 black, 6 green, one large orange) that are to represent different species of plants.


1. Have students arrange them randomly on their desks and then predict which plants might be allelopathic.  This may not be obvious and is not a crucial step.


2. Now have students take out any plants that might “die” if the brown plants are allelopathic.


3. Put the orange plant anywhere on your plot and move plants away/off as you might predict.


4. Working in partners, one student arranges the “plants” having secretly picked one color to be allelopathic.  His partner has to guess which one is the allelopathic plant.


5. Partners switch roles.

Note: it is possible for no plant to be allelopathic as one of my students tried to trick his partner and me.

Activity closure: Pick one of the three ways plants exhibit allelopathy and tell your partner how your plant will work.

Pass out to students selected pages of the “Back Off” article for them to read.

(Found at http://www.muohio.edu/Dragonfly/itc/index.htmlx)

Day 3 – Setting up field books for field work


Using the Scientific Method sheet I have my students set up sections in a composition book that relate to the steps in the scientific method.  They will fill in the sections as they work on the allelopathy project.  Some parts are done corporately, some individually. I also tell the students what parts will need to be incorporated into posters for their presentations at our school’s Education Exposition.  This is noted on the Scientific Method sheet using a key (FB=field book, P=poster).

Scientific Method

1. Title – the students will work in their assigned groups and decide on a title.  I love what they come up with for this part.  They are quite creative and have fun with the wording and even illustration of the title.  

2. Problem –The phrasing of this can vary.  Possible ones are:


What effect do various plant extracts have on the growth of radish seeds?


Which prairie/woodland plants are allelopathic?

In the field book or poster the students should identify the independent and dependent variables.  (IV= plant extracts, DV= growth of radish seeds)

3. Background Information – In this section I expect students to do some research into the topic of allelopathy.  Doing a Google search for the term will yield multiple sites.  The trick is finding articles that are written at the level 5th graders can understand.  The “Back Off” article is excellent, and my goal is to hunt down other appropriate sources that would help them understand and write about the process of allelopathy


A significant amount of research is being done in this area especially regarding the use of natural herbicides.  One of my student’s parents worked at Monsanto on allelopathy; he came and gave a presentation to the class.  Another student interviewed a botany professor from UMKC.  


This section can take on various shapes.  It may address simply plant needs and the concept of allelopathy or could look at current applications to research, crop management, and garden herbicides.  Personal observations and reflections on their field experiences are also appropriate here.

4. Hypothesis – When the students are in the field they will have to decide on a hypothesis for each of their three plants.  They hypothesize whether or not their plant is allelopathic and why they think so.

5. Procedure – I give them the specific steps in the procedure that they are to copy into their field books.  Here is what they copy:

Materials & Equipment






Field 





Lab 

· large Ziploc bags 

- scale (to weigh out 10 grams)

· permanent markers

- Ziploc sandwich bags






- 100 ml graduated cylinders


         



- 10 ml graduated cylinders








- radish seeds






- blenders










- distilled water






- cheesecloth







- funnels






- paper towels






- metric rulers

Field Work: 

1. Mark off a 5 ft .x 5ft. plot with students positioned at the corners.

2. Make observations of plants’ positions in natural setting and select one plant to test for allelopathy. Make a bird’s eye view plot drawing showing the location of the selected plant and any other plants in the plot.  Note any observations of plants/animals in the plot.

4. Based on the closeness of other plants predict whether or not the plant is allelopathic and record this.  (Appendix D)

Lab Work:

1. Weigh out 10 grams of plant material.

2. Blend 100 ml of distilled water with the 10 grams of plant material.

3. Filter this homogenate through a cheesecloth- lined funnel to remove most solid particles.

4. Measure out 10 ml of the plant extract and pour this into a labeled sandwich Ziploc bag that has a paper towel cut to fit inside the bag and lie flat (one or two thicknesses of paper towel could be used.)

5. Carefully position 6 radish seeds (spread out) on top of the soaked paper towel.  Close the bag.

6. Repeat steps 4 & 5 so you have three separate bags of seeds for one plant sample.

7. Repeat steps 1-6 for a different plant species.

8. Prepare 3 bags with distilled water and seeds as a control.

8. Lay all bags flat, cover with foil and let incubate for 4-7 days.

9. Measure radish seed shoots and complete data table. (Appendix E)

I have the students measure the shoots in millimeters and check each others’ for accuracy.

6. Data - Calculate averages for each plant and control. Students should check each others’ calculations on this part. I let them use calculators for this number crunching section.  Graph averages.

7. Conclusion – Students need to compare the field plants to the control to see if the plant extract actually inhibited the growth of the radish seeds.  This is generally subjective but even a visual assessment of the graph can show a definite difference between a field plant and the control.  The students then need to look at their hypotheses, decide if they were correct or not and explain why.  I try to emphasize that just because the lab result appears to indicate that their hypothesis was incorrect, this doesn’t mean their experiment didn’t work.   If they can explain why they got the results they did their work is valid.  I tell them that this is the way real scientists work; there is no right or wrong result as long as they are learning from the experiment.

Possible explanations for discrepancy between hypothesis and results:

Few plants around the selected plant may be due to any of the following:


Surrounding plants have not sprouted yet (we take samples in early spring)

Plants that are known to be allelopathic do not give that result in the lab;


We did not take the part of the plant that releases the allelochemical.


The plant was not producing the allelochemical when we took the plant sample.


Each student is responsible for writing up all parts of the scientific method in his/her field book.  Each group of 3 or 4 students is to have two posters: one that has the title, problem, hypothesis, and conclusion on it and another poster with the graphed results from the shoot measurements. The groups use the posters and a power point presentation to explain their projects at our annual Education Exposition in May. (I have this power point produced for them. It pictures every step of the experiment they conducted.) 

The students are given a rubric at the beginning of the unit. (See Appendix F)  Since it covers many weeks, I usually count it for 200 instead of 100 points.

Appendix A

Scientific Method

The scientific method is a particular process used to discover new knowledge about the natural, physical world.  This process is based on the assumption that we live in an ordered and purposeful world.

A. State the problem (question form)

B. Background information (collect/research relevant information)

C. Form a hypothesis (educated guess)

D. Experiment to test hypothesis

E. Record and analyze data (charts, graphs)

F. Form a conclusion (what happened and why)

G. Replicate the work (repeat and/or use multiple samples)

Appendix B

Jill’s Experiment                 


 Name __________________________

One Saturday Jill went to the pet store to by food for her hamsters.  She noticed that there was a different box labeled “New and Improved”.  Jill wanted to know whether or not the “New and Improved Happy Hamster Food was worth the extra cost.  She thought about conducting an experiment to test the new product.

Jill decided to write up a controlled experiment.  She wanted to know if her hamsters would grow bigger and stronger on the new product.  She looked at the box, compared the nutrients, and went to the library to find out what hamsters need to grow healthy and strong.  After reading several sources, she thought that the new product would help her hamsters grow bigger and stronger because it had 100% of 3 required nutrients while the regular food only had 60% of those same nutrients.

Jill had a large number of young hamsters all about the same size.  The hamsters were divided into two groups, and Jill made sure both groups had the same type of cages, bedding, and water supply.  She treated both groups the same except Group A was given the regular Happy Hamster Food and Group B was given “New and Improved” Happy Hamster Food.

At the beginning of the experiment she weighed all of her hamsters.  They all weighed approximately 40 grams.  After 3 months she weighed the hamsters again. She also made observations on the activity levels of the hamsters and found that the group on the New and Improved Happy Hamster Food spent an average of 45 minutes more a day on the exercise wheels.  From this information she was able to form a conclusion.


Group A 





Group B

Hamster #

End Weight

    Hamster #

End Weight



    1


  51 grams


6

  59 grams

    2


  55 grams


7

  65 grams

    3 


  53 grams


8 

  68 grams

    4


  48 grams


9

  70 grams

    5 

             54 grams

          10

  62 grams

          Average: 52 grams


          Average: 65 grams

Answer the following:

1. What was the question Jill was asking?

2. What was her hypothesis?

3. What was the independent variable?

4. What was the dependent variable?

5. Which was the control group?

6. Highlight the section that describes her experiment.

6. Put a circle around the information that represents the results or data?

7. How could you graph the results?  Do so in the space below.

8. What conclusion should Jill reach?

Appendix C

IV/DV   Sheet




Name _________________  

Problem: ____________________________________________________

______________________________________________________

If…


I change ____________________________________          



(Independent variable)

then….

how will that change ___________________________________?





           (dependent variable)

My control group is _____________________________________

IV/DV   Sheet




Name _________________  

Problem: ____________________________________________________

______________________________________________________

If…

I change ___________________________



(Independent variable)

then….

how will that change ___________________________________?





           (dependent variable)

My control group is _____________________________________

Appendix D

Plot Drawings of Field Plants 


Plant: _________________________

Key 

Observations:

Hypothesis:

Plant: ________________________

Key   


Observations:

Hypothesis:

Appendix E

Data Table

Plant: _______________   (Record length of shoot in millimeters)


Seed #
 Bag 1
Bag 2
Bag 3 

      1




      2




      3




      4




      5




      6




Average








 Final Average ___________

Plant: _______________   (Record length of shoot in millimeters)


Seed #
 Bag 1
Bag 2
Bag 3 

      1




      2




      3




      4




      5




      6




Average








 Final Average ___________

Appendix F

Science Project Guidelines

A. Title (5 points)








_____


- Does the title attract attention?


- Is the title short and creative?

B. Problem (10 points)







_____


- Is your problem stated in the form of a question?


- Is your question clear and understandable?


- Do you identify your independent and dependent variables?

C. Background information (10 points)





_____


- What information would help to understand your project?


- Define any new terms/words you use.


- This should be several paragraphs on the topic of your project.

D. Hypothesis (10 points)







_____


- Is your hypothesis clearly stated?


- Does it answer the question in your problem section?

E. Procedure ((20 points)







_____


- Did you list materials and equipment?


- Are the steps of your experiment listed in order?


- Do you explain each step clearly?


- Did you carefully follow all of the steps?


- Did you make note of any changes or problems?

F. Data (15 points)








_____


- Did you write down all of your results?


- Did you use well labeled charts?


- Did you label your x and y axis on your graph?


- Did you title your graph?

G. Conclusion (10 points)







_____


- What happened? Did you answer the question in your problem?


- Why did you get the results you did?  Explain your 



results.  Include any helpful background information.

H. Sources (5 points)








_____


- What articles, books, and magazines did you read? (Give title,



author, website)

I. Neatness/Spelling (5 points)






_____

J. Presentation at Education Exposition (10 points)



_____







TOTAL (100 points)


_____
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