
Pill Bug Lab: Introduction to the Scientific Method and Animal Behavior 
 

Overview and Objectives 

 In this lab you will: 

  -  Design an experiment to investigate an organism’s response to environmental variables. 

 After doing this lab you should be able to: 

  -Design a controlled experiment. 

  -Understand the concept of distribution of organisms in a resource gradient 

  -Describe the difference between kinesis and taxis. 

 

INTRODUCTION 

 

Part 1: Animal Behavior 

 Animal behavior is a difficult yet important practice to study.  In taxis the animal moves toward or away 

from a stimulus. Taxis is often exhibited when the stimulus is light, heat, moisture, sound, or chemicals. Kinesis 

is a movement that is random, and does not result in orientation with respect to a stimulus. If an organism 

responds to bright light by moving away, that is taxis. If an animal responds to bright light by random 

movements in all directions, that is kinesis.  

 

Part 2: The Scientific Method 
  Suppose you are a member of a group that is investigating the effects of different amounts of 

fertilizer on the growth of a species of plant. How would your experiment proceed? 

 Your group would first define and agree on the problem to be investigated. Questions such as 

"What percentage of fertilizer would cause the plants to grow the tallest?" help to focus the investigation on one 

particular aspect of the plant's response to the fertilizer. Next, you would develop several hypotheses, or 

educated guesses, that describe the plant's responses. Hypotheses are presented in an if... then... format; for 

example, "lf plants are given additional fertilizer then they will grow taller than plants that receive no additional 

fertilizer." In developing a good hypothesis it might be necessary to conduct research using your textbook or 

other resources. For example, research would help clarify what role fertilizer plays in plant growth. 

 Using the hypothesis, the group would next design an experiment to compare the effects of different 

amounts of fertilizer added to the plants. The group would need to identify constants, those factors that remain 

consistent throughout the experiment. Without constants, a scientist couldn’t understand what variable caused 

the change. Constants would be such factors as the species of plant used, the volume of fertilizer applied to the 

plants, the amount of light each plant receives, room temperature, and amount of water.  

 Also, the group would need to identify the variables. An independent variable is a factor that is 

purposefully changed, in this case the percentage of fertilizer. There might be several levels of the independent 

variable, for example, fertilizer concentrations of 1%, 3%, 5%, and 10%. This variable is graphed on the X axis.  

 A dependent variable is the variable that responds to the change in the independent variable. The 

dependent variable can be identified as the variable that is measured or changed. In this experiment, the height 

of the plant would be the dependent variable. The dependent variable is graphed on the Y axis.  

The experiment would also need to have a control, a group of plants that receive no additional fertilizer 

(in other words, a group in which the independent variable is not changed).Controls are a way to detect or 

measure the influence of unanticipated factors, and they establish a base line for comparing the experimental 

effects to no treatment.  Not all experiments have controls.  

 Finally, the group would need to include repeated trials in the experimental design. These trials reduce 

the probability that a change occurred because of chance or because of individual variations within the plants. 

 The final task for the group would be to analyze the results and communicate them in an accurate and 

effective manner. This would be accomplished by constructing a reasoned argument, careful and logical 

writing, and the use of charts and graphs.  

 Lab exercises often lead to other questions or suggest alternative methods for performing the 

investigation. For example, using the goals and steps given above, the group might wish to investigate if 

delivery to the roots or the leaves is the best way to get the fertilizer into the plant. 



Pre-lab Questions 

 

1.  Give an example of an observation of an animal exhibiting a taxis movement? What about kinesis? 

2. Why are constants important in an experiment? 

3. What is the difference between a constant and a control? 

4. Compare and contrast independent and dependent variables.  

5. A scientist conducting an experiment on the effects of fertilizer on plants notices the fertilizer had no 

effect on plant height during the first trial. He makes the conclusion that it is unnecessary to fertilize 

plants. Why is this an illogical conclusion? What should he have done before making this conclusion?  

6. Look at the experiment below, and identify the variables: 

Paul wanted to know what kind of bird food a goldfinch likes best. He filled four different bird 

feeders all with the same amount of seed. The types of seeds were: thistle seed, sunflower seeds, 

mixed seeds, and corn seeds. He placed each of them at the same height in the same tree and 

observed them for 5 days. He repeated the experiment 6 times.  

Independent variable: 

Dependent variable: 

Constants: 

Control: 

Trials: 

Sample hypothesis:  

 

Materials/Safety Information 

 10 pill bugs    Observation chamber    Paper towel 

 Water      

 

This lab will be run twice. The first trial will analyze the pill bug preference for moisture in their environment. 

After completing this lab, your task will be to determine your own environmental variables to test, and design 

an experiment testing your own hypothesis.  

 

Read the procedure, 1-7. Identify the following, and then conduct 

the procedure to gather your data. 

Independent Variable (What are you changing/testing?):  

 

Dependent Variable (What are you measuring/counting?): 

 

Hypothesis (If/then format):  

 

Constants:  

 

Control:  

 

Procedure 

1. Observe the organism that you will be studying for several 

minutes.  Make notes on their appearance, movements, and 

interactions with eachother.  Do they constantly move, settle down, or ignore your presence?  Note any 

behaviors that involve more than one individual.  Do not prod, shake or disturb the animals in anyway.  

You want to observe their behavior, not influence it or interfere with it. Record your observations. 

2. Use a pen to trace the circles of the observation chamber onto paper towel. Cut out circles and place in 

observation chambers. 

3. Add droplets of water to one chamber until saturated. This will only require 3-5 drops; do not over-

saturate. 



4. You will be taking data on the number of pill bugs on each side every 30 seconds for 10 minutes total. 

Make a data table to record your data.  

5. Place 5 pill bugs on each side of the observation chamber, and begin your time. 

6. Every 30 seconds, record the number of pill bugs present on each side. Continue until reaching 10 

minutes.  

7. Place the pill bugs in the plastic containers to be used for your own experimental design.  

 

Now that you have observed the pill bugs and their responses to the presence of moisture in their 

environment, you will need to design a lab to test your own environmental variable. (You decide on the 

variables; possible ideas are textures, temperatures, smells, light intensity, light color, color of substrate, tastes, 

soil, pH, etc.) 

  

Be sure to remember the components of Experimental Design: 

 You will need to design the lab and write the steps below.  Your lab must use a choice chamber for your 

organisms  and include taking data on the number of organisms in each chamber every 30 seconds for 10 

minutes.  You will need to design a data table to keep track of your data on.  Include a space for both 

quantitative and qualitative data and a place to total the numbers of organisms in each chamber after the 10 

minutes.   

 

Independent Variable: ______________________________ 

 

Dependent Variable: ________________________________ 

 

Constants: ________________________________________ 

 

Control group: ____________________________________ 

 

Experimental Design Steps (add more if needed) 

  

 1. 

 

 2. 

 

 3. 

 

 4. 

 

 5. 

 

 6. 

 

At this point you need to get your lab design and data table approved to begin the your lab.  See the teacher. 

 

______ Great, Get Started!    ______ Minor Changes Needed       ______Back to the Drawing Board  

 

---------------------------------------------------------------------------------------------------------------------------- 

  

Data 

Draw two organized data tables to collect your data.  Graph each data table onto a separate graph, be sure to 

properly label all components.  

 

 



Statistical Analysis of your Results 

 After you collect your data you will need to determine if your results are statistically significant! Even 

though it may seem you supported your hypothesis, conducting a statistics test is the best way to know! 

Statistics can be used to figure out if differences between groups are significant or if they are just the results of 

predictable errors.  One test that can determine this is the Chi-square test.  A Chi-square test can be used on 

our data to determine if the deviations from the expected values (in this lab you would expect the same number 

of organisms to be in each container) are due to chance alone or if they are due to other circumstances (in this 

case a preference or dislike for a certain condition). 

 A Chi-square test is used to test the validity of a null hypothesis.  A null hypothesis says that there is no 

statically significant difference between the observed and expected values.  In this lab we would expect that the 

same number of organisms should be found in condition 1 and condition two. The alternative hypothesis says 

that there is a significant difference between the two (meaning that your organisms is showing a preference or 

dislike for a condition). Based on the Chi-square calculated you will either accept or reject the null hypothesis.  

To calculate Chi-square, fill in the table below. 

 

Conditions Observed 

number (total.) 

(o) 

Expected 

Number 

(e) 

Observed-

Expected 

(o-e) 

(o-e)
2
 (o-e)

2
            

e 

Condition 1:  

 

____________ 

 

     

Condition 2: 

 

___________ 

 

     

Chi-square (X
2
) is the sum of all of the (observed-expected)

 2 
divided by the expected. 

      X
2
=Σ    (o-e)

2
      = 

                                                                           e 

 

 

Now you have the Chi-square your experiment.  In order to determine if you reject the null hypothesis or accept 

it you must compare your calculated Chi-square to the value on the critical values table.   In order to do this 

you must figure out your degrees of freedom.  Degrees of freedom is the number of conditions you have minus 

one. Calculate your degrees of freedom below: 

 

  df=N-1      ____________ 

 

Next you must know your p value, which is the probability.  In biology, the minimum probability at which the 

results are said to be significant is .05.  This means that only 5% of the time would you expect to see similar 

data if the pill bugs didn’t have a preference.  In other words, you are 95% sure that the data shows that your 

organisms have a preference between the two choices. Use table 7.5 to determine the critical value.   You will 

use your df and p to determine the critical value. 

 

  

 

 

 

 

 

 



My calculated Chi-square: ___________    My critical value: __________ 

 

If the calculated Chi-square is greater than the critical value the null hypothesis is rejected (accepting the 

alternative hypothesis). 

 

 This means that there is a significant difference between the preference of the two conditions. 

 

If the calculated Chi-square is less than the critical value the null hypothesis is accepted (rejecting the 

alternative hypothesis). 

 

 This means that there is not a significant difference between the preference of the two  conditions. 

 

Do you accept or reject your null hypothesis? Explain.   

_________________________________________________________________________________ 

 

_________________________________________________________________________________ 

 

Post Lab Questions 

 

1.  Explain what part(s) of a properly done scientific investigation were missing in your lab design.  How did 

this change your experiment?  

2.  What conclusions do you draw from your data?  Explain the physiological reasons for the behavior observed 

n this activity. 

3.  Can you make a solid conclusion on your data? Why or why not? What would you need to do to gain a 

stronger conclusion? 

4.  Is your organism's response to the variable tested kinesis or taxis? Explain. 

5.  What other investigations do your results from this lab lead you to do? What new questions are raised by the 

results of this lab? How could you test them? 

6.  A Soda company claims that people prefer their soda (soda A) to a competitors soda (soda B).  They 

surveyed 200 people to find out what soda they preferred.   

 a.  What would the null hypothesis be for this experiment? 

 b.  They find that 79 people prefer soda B while 121 people prefer soda A.  They claim that this is a 

significant difference.  Using Chi-square, find out if this is a significant difference. 

 

Conditions Observed 

number (total.) 

(o) 

Expected 

Number 

(e) 

Observed-

Expected 

(o-e) 

(o-e)
2
 (o-e)

2
            

e 

Condition 1:  

____________ 

 

     

Condition 2: 

___________ 

 

     

Chi-square (X
2
) is the sum of all of the (observed-expected)

 2 
divided by the expected. 

      X
2
=Σ    (o-e)

2
      = 

                                                                           e 

 

 

Conclusion 

Write a conclusion of you lab. Be sure to summarize your background research, your hypothesis, your data, and 

then give meaning for that data. Conclusions should be a minimum of five sentences. Also include possible 

extensions for future labs within this area.  


