Scientific Method: 
Taxis in Isopods

Original Source:
http://caspar.bgsu.edu/~courses/Ethology/Labs/Taxis/




http://en.wikipedia.org/wiki/Woodlouse




http://en.wikipedia.org/wiki/Armadillidium




http://en.wikipedia.org/wiki/Oniscus_asellus

Science Topics: Scientific Method – Hypothesis, Collecting Data, Analyzing Data, Communication Results, Ethology (behavior)

Skills: Observing, Questioning, Inferring, Hypothesizing, Graphing

Oregon State Benchmarks 

Life Science

CCG
Organisms:  Understand the characteristics, structure, and functions of organisms.

SC.05.LS.01
Group or classify organisms based on a variety of characteristics.

SC.05.LS.01.01
Classify a variety of living things into groups using various characteristics.

SC.05.LS.03.01
Associate specific structures with their functions in the survival of the organism.

SC.08.LS.02
Describe and explain the structure and functions of an organism in terms of cells, tissues, and organs.

SC.08.LS.02.02
Recognize how structural differences among organisms at the cellular, tissue, and organ level are related to their habitat and life requirements.

CCG
Heredity:  Understand the transmission of traits in living things.

SC.05.LS.04
Describe the life cycle of an organism.

SC.05.LS.04.01
Describe the life cycle of common organisms.

SC.05.LS.04.02
Recognize that organisms are produced by living organisms of similar kind, and do not appear spontaneously from inanimate materials.

SC.08.LS.03
Describe how the traits of an organism are passed from generation to generation.

SC.08.LS.03.01
Distinguish between asexual and sexual reproduction.

SC.08.LS.03.02
Identify traits inherited through genes and those resulting from interactions with the environment.

SC.08.LS.03.03
Use simple laws of probability to predict patterns of heredity with the use of Punnett squares.

SC.08.LS.03.04
Explain how our understanding of heredity has changed over time.

CCG
Diversity/Interdependence:  Understand the relationships among living things and between living things and their environments.

SC.05.LS.05
Describe the relationship between characteristics of specific habitats and the organisms that live there.

SC.05.LS.05.01
Use drawings or models to represent a series of food chains for specific habitats.

SC.05.LS.05.02
Identify the producers, consumers, and decomposers in a given habitat.

SC.05.LS.05.03
Recognize how all animals depend upon plants whether or not they eat the plants directly.

SC.05.LS.05.04
Explain the relationship between animal behavior and species survival.

SC.05.LS.05.05
Describe the living and nonliving resources in a specific habitat and the adaptations of organisms to that habitat.

SC.05.LS.06
Describe how adaptations help a species survive.

SC.05.LS.06.01
Describe changes to the environment that have caused the population of some species to change.

SC.05.LS.06.02
Identify conditions that might cause a species to become endangered or extinct.

SC.08.LS.04
Identify and describe the factors that influence or change the balance of populations in their environment.

SC.08.LS.04.01
Identify that sunlight is the major source of energy in most ecosystems and that energy then passes from organism to organism in food webs.

SC.08.LS.04.02
Identify populations of organisms within an ecosystem by the function that they serve.

SC.08.LS.04.03
Differentiate between relationships among organisms including predator-prey, producer-consumer, and parasite-host.

SC.08.LS.04.04
Explain the importance of niche to an organism’s ability to avoid direct competition for resources.

SC.08.LS.05
Describe and explain the theory of natural selection as a mechanism for evolution.

SC.08.LS.05.01
Identify and explain how random variations in species can be preserved through natural selection.

SC.08.LS.05.02
Describe how animal and plant structures adapt to environmental change.

Scientific Inquiry

CCG 
Forming the Question/Hypothesis:  Formulate and express scientific questions or hypotheses to be investigated.

SC.05.SI.01
Make observations. Ask questions or form hypotheses based on those observations, which can be explored through scientific investigations. 

SC.08.SI.01
Based on observations and scientific concepts, ask questions or form hypotheses that can be explored through scientific investigations. 

CCG
Designing the Investigation:  Design safe and ethical scientific investigations to address questions or hypotheses. 

SC.05.SI.02
Design a simple scientific investigation to answer questions or test hypotheses. 

SC.08.SI.02
Design a scientific investigation to answer questions or test hypotheses. 

CCG
Collecting and Presenting Data:  Conduct procedures to collect, organize, and display scientific data. 

SC.05.SI.03
Collect, organize, and summarize data from investigations. 

SC.08.SI.03
Collect, organize, and display sufficient data to support analysis. 

CCG
Analyzing Data and Interpreting Results:  Analyze scientific information to develop and present conclusions. 

SC.05.SI.04
Summarize, analyze, and interpret data from investigations. 

SC.08.SI.04
Summarize and analyze data including possible sources of error. Explain results and offer reasonable and accurate interpretations and implications. 

Time Required for:

Developing Lab:
20 minutes

Prepping Lab:

  5 minutes

Activity: 

50 minutes

Cleanup: 

10 minutes

Estimated Cost for consumables: Approximately $17.00
· 32 “D” batteries replaced approximately once every 4 years; 8 batteries @ ~$11.00

· isopods ~$6.00 per 150

Estimated Cost for initial set-up: Approximately $117.00
15-16 flashlights with batteries @ 2 for ~$6.00 = $48.00

20 Plastic Petri dishes @ ~ $8.00 = 8.00

84 Dominos – @ ~$8.00/dozen = $56.00

Color paper (i.e. Origami paper) $5.00

Lab Objectives:

· conduct experiments on the choice behavior of isopods 

· practice general experimental procedures used to study animal preferences 

· devise a testable hypothesis 

· define and distinguish between the terms: taxis and kinesis 

· Optional: conduct a simple statistical test of a hypothesis

Supplies for class of 30 working in pairs:

· ~300 isopods – giant or jumbo work better

· 1 Petri dish per pair of students

· 5 dominos per pair of students

· 1 flashlight per pair of students (don’t forget to check bulbs and batteries)

· 1 sheet of light and 1 sheet of dark origami paper per pair of students

· optional – cardboard to insulate working surface

Preparation:

· Purchase or collect materials

· Copy student handouts

Discussion: Arguably the most ubiquitous behavioral capacity of animals concerns the detection of environmental variables and orientation or movement relative to these. The definition of taxis is an innate behavioral response by an organism (or cell) to a directional stimulus (a stimulus from a particular direction) whereby an organism moves (orientation movement) either towards (positive taxis) or away from (negative taxis) the stimulus. Spatial orientation, aided by different sensory modalities, is described by the corresponding term e.g. relative to light (phototaxis), smell (chemotaxis), sound (phonotaxis), or gravity (geotaxis). In such instances individuals move in a directed fashion along a particular stimulus gradient until they reach a perceived optimal range. In contrast, kinesis refers to non-directional orienting reactions in the presence of a particular sensory stimulus. Animals that suddenly find themselves in an unfavorable environment (e.g. with regard to humidity, temperature, or salt concentration) may change direction by trial and error. By such a method paramecia or woodlice become hedged in an area with favorable environmental conditions.

In this lab exercise we first explore habitat preferences in two different isopods, sowbugs and pillbugs.  Isopods are one of the most diverse orders of crustaceans, with many species living in all environments, but are most common in shallow marine waters. Unlike most crustaceans, isopods are successful on land (suborder Oniscidea, woodlice, which also includes sea slaters), although their greatest diversity remains in the deep sea (suborder Asellota). There are also several parasitic species within the genus Cymothoa, commonly known as "tongue-biters" for their habit of nibbling off fishes' tongues and attaching themselves to the floor of the host's mouth. The isopods are an ancient group with fossils known from the Carboniferous (suborder Phreatoicidea, family Paleophreatoicidae) that only differ slightly from modern southern hemisphere freshwater phreatoicideans. There are 4000 known species.

Isopods have three main body parts; the head, thorax, and abdomen. They have one prominent pair of antennae that are used to search and taste and smell food and have a second pair which are not seen, and seven pairs of legs. Isopods have seven separate appendages on the thorax and paired appendages at the end of the abdomen called uropods. Isopods vary in color from dark gray to white, with and without pattern.

Armadillium is a genus of woodlouse common to many areas of the globe. They can be identified by their typical reaction to stimulus, such as a light tap on their midsection, is to curl up into a ball.  Oniscus asellus, the common woodlouse, is one of the largest and most common species of woodlouse in the British Isles and Western and Northern Europe, growing to lengths of 16 mm and widths of 6 mm. They are generally flatter than other large woodlice, and their bodies are usually brownish-black in colour, with paler mottling and very pale edges to their segmental plates. Their carapace is usually rather shiny, while the underside is pale. The species can also be identified by its long pointed telson. Oniscus asellus has a strong exoskeleton and seven pairs of legs, but are born with six pairs. They have antennae that reach about half of their body length, which they use to feel around in their dark environment.

Mazes are often used to study animal movement, learning and choice behavior. We have several types of mazes that can be used to study the behavior of idsopods.  T-mazes mazes can be used to study handedness or taxis (Fig. 1).
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Figure 1:  T-maze used to study taxis or handedness of isopod beetles. An individual is placed carefully at the end of the maze (S) and is allowed to turn right or left at the decision point (D).

Figure 2:  R-T maze is used to study directionality of walking. A subject is placed at the starting point (S) and is initially forced to turn to the right. Mazes with different distances between the forced turn (F) and the decision point (D) can be used to determine if the distance of the detour influences whether or not an individual returns to the initial course.

Many insects can remember the direction they have been walking if an object in the environment forces them to turn off course. Such behavior can be studied with the R-T maze (Fig. 2). The first turn of the maze changes the course of the subject, and the second turn allows the subject to either return to the original course or move in a direction opposite the initial course. Some animals appear to reset their course after a short detour, while others continue to travel in the initial direction even after a relatively long detour. Such behavior can be studied by use of R-T mazes of different sizes.

After testing the handedness and decisions after a forced turn in our isopods, we will look at decisions of habitat preference.  Petri dishes will be set up to with half on top of dark paper, and half on top of light paper.  Animals generally exhibit preferences for certain habitat types. Habitats may vary with respect to useful resources, such as protection from predators, and animals are expected to discriminate between alternative places to forage, sleep or rear young. Preferences for colors or patterns by isopods can be studied using a Petri dish (Fig. 3).

Figure 3.  Petri dish divided into two habitat types, A and B. A subject is placed in the center of the dish (S) and observed for a specified period of time. The time a subject spends on each side of the dish can be measured to score a preference or the side on which the animal is located after the specified period can be used to score habitat preference.

After you have completed the above three experiments, you have your control for experiments in phototaxis.  Recall that phototaxis has to do with illuminated and shaded areas.  Some organisms actively seek the light, like cyanobacteria, photosynthesizing bacteria.  Other organisms seek the shade; that usually means that there are places to hide from predators.  The

flatworm, planaria, moves away from light.  We will explore if light alters the handedness of your organism by shading one side of the mazes or Petri dish, and illuminating the other with a flashlight.  

Divide the students in partners, and designate each partner team with a letter A, B, C, etc.  Meal-worms do not bite. Be careful not to squeeze them when you pick them up. You may transport individuals in Petri dishes. Return your subjects to their housing container after you are finished.

Begin Exercise #4.  You will need the full lab time to complete this experiment.  Once you have it set up and running, begin with exercise #1-3, which does not have a time constraint.

Final Questions:

Were movements of larvae directional or non-directional? Would you consider their movement more in the context of taxis or kinesis? How would you design an experiment that would allow you to scientifically distinguish between them?

Optional Math Extension (for older students): 

The maze designs discussed thus far provide a subject with a dichotomous choice. The animal either turns left or right at a decision point on a maze or it selects one of two habitats in a Petri dish. If we place a subject on a T-maze our goal is to determine whether subjects have a preference to turn in one of the two directions at the decision point. What is our expectation if subjects have no preference to turn right or left? The choice made by an impartial subject in this situation is analogous to a coin toss. The probability (P) that an unbiased coin turns up heads (H) or P(H) (Probability times the head side of the penny) is equal to the probability that it instead turns up tails P(T). Because the probability that the coin turns up heads or tails P(H or T) = P(H) + P(T) = 1, we know that P(H) = P(T) = 0.5. Furthermore, if we toss the coin repeatedly, say n times, we expect it to land heads on half of all tosses, or nP(H) = 0.5n. Thus, we expect half of our subjects to turn right and half to turn left if individuals have no preference to turn in either direction. This expectation forms the basis of a testable hypothesis.

Statistical Analysis: What are the chances you would find a single isopod on the Shadow or the Illuminated half under the assumption that there is no difference if it the isopod is under cover or in the light.  Now with two animals, what are the chances to find both on the black half, both on the white half or one on each side under the assumption that the cover makes no difference. This mental exercise becomes more and more complicated with each additional individual. Statistical tests help you with this decision. They allow you to estimate under a given null hypothesis whether a particular outcome of an experiment should be considered "rare" or "common". We had decided beforehand how rare the outcome would have to be so we would reject the null hypothesis in favor of the alternate hypothesis. Use a Sign Test to test whether two outcomes are equally likely. Now, based on these results, formulate your conclusions on whether you think that isopods orient with regard to Shadow or Illumination.

Answer questions: Did the cover characteristics of your choice influence the likelihood of individuals to reside there? Why was the experiment replicated by switching the Shadow and Illumination? Why did you look at everyone’s data for this experiment?

Procedures: Consider an experiment on the Illumination/Shadow preferences of isopods in which subjects are observed in a Petri dish with two environments, A and B, of equal area. We measure the time spent in each environment for some specified period t. Although time is a continuous variable we can construct a dichotomous variable so that use of a Sign Test is appropriate to test the null hypothesis that subjects have no habitat preference. Our a priori expectation is that subjects will spend an equal amount of time in each habitat if there is no habitat preference because the area of each habitat is identical. If your working hypothesis is that isopods will spend more time in Shadow, score trials in which subjects spend more time in Shadow as successes and trials in which subjects spend more time in Illumination as failures.  If your working hypothesis is the opposite, isopods will spend more time in Illumination, score trials in which subjects spend more time in Illumination as successes and trials in which subjects spend more time in Shadows as failures.  Thus, there are two mutually exclusive outcomes and the probability of a success is equal to the probability of a failure under the null hypothesis, two of the conditions needed to justify our use of the Sign Test. A subject could potentially leave an odor trail on the surface of the Petri dish, so we clean the dish after each trial to insure that all trials are independent. Table 5 for n = 15 indicates that P(S < 3) = P(S > 12) = 0.0176, so P(S < 3) + P(S > 12) = 0.0352, which is less than our rejection criterion of  < 0.05. We consequently reject the null hypothesis. The experiment suggests that subjects have a habitat preference. The fact that we observed S = 12 suggests that habitat A is preferred to habitat B.

The experiments described earlier will not necessarily reveal individual preferences. Suppose half of all subjects placed in a Petri dish divided into two habitats, A and B, prefer habitat A and half of the subjects prefer habitat B. Then we would expect half of the individuals tested to spend most of their time in habitat A and half to spend most of their time in habitat B, just as we would expect if individuals had no preferences for either habitat. The experiment described earlier consequently reveals an overall tendency for individuals to prefer one of the two habitats. You can test individuals repeatedly to discover individual preferences. Suppose you test a subject twice in identical Petri dishes. If a subject has a preference for habitat A, then we would expect the individual to spend more time in habitat A than habitat B in each trial. Furthermore, if a subjects spends more time in habitat A in trial one and has no preference for either habitat, the probability that it spends more time in habitat A in the second trial is analogous to a coin toss. Thus, we can score a pair of trials with the same individual as a success if the subject consistently spends most of its time in one of the two habitats across the two trials. A pair of trials is scored as a failure if in the first trial a subject spends most of its time in habitat A and in the second trial most of its time in habitat B, or vice versa. Use a Sign Test to determine whether individuals have habitat preferences.

Sign Test

Sign Test: A Sign Test is a simple statistical procedure that is appropriate for the analysis of data that involve two outcomes that are equally likely under the null hypothesis. The test statistic S is the number of successes in a fixed number of n independent trials, where we arbitrarily define one of the two possible outcomes as a success. The critical value s with which we compare S depends on the number of subjects in our experiment and our willingness to reject the null hypothesis, given that the null hypothesis is true.

Consider an experiment in which we toss a coin n = 10 times and record the number of times it lands heads or tails. If we hypothesize that the coin is unbiased the likelihood of each of these two outcomes is equal. Furthermore, we assume that the probability that the coin lands heads does not depend on the outcome of any previous trial. A Sign Test is, therefore, suitable to analyze the results of our experiment. Our null hypothesis is that the coin is unbiased, or P(H) = 0.5. Our alternative hypothesis is that the coin is biased, or P(H) 0.5. If the coin were to land heads on S = 8 of the n = 10 tosses would you reject the null hypothesis in favor of the alternative hypothesis that the coin is biased? Our answer to this question depends on the likelihood that a fair coin would actually produce such a result. Our intuition suggests that we should reject the null hypothesis if it produces too few or too many heads.

We reject a null hypothesis if our computed test statistic is very different to what we would expect if the null hypothesis were actually true. We typically reject a null hypothesis if the observed value of a test statistic is expected to occur less than five times in every 100 experiments, expressed as  = 0.05. The level of  reflects our willingness to reject a true null hypothesis. In our example we find the critical value of s from a table of the binomial distribution (Table I). We reject the null hypothesis if we observe a very large or very small value of S, so we are looking for two critical values. The pair of critical values is given in a single row of the table. An inspection of Table I for n = 10 indicates that P(S < 1) = P(S > 9) = 0.0107. The rejection level for the combination of these two critical values is P(S < 1) + P(S > 9) = 0.0214, which is just the probability that P(S < 1) or P(S > 9) if the coin is fair. This value is less than  = 0.05. Thus, a critical value of s = 1 (or smaller) or s = 9 (or larger) would lead us to reject our null hypothesis at  = 0.05. Table I indicates that P(S < 2) = P(S > 8) = 0.0547 for n = 10, so P(S < 2) + P(S > 8) = 0.1094. This value is larger than  = 0.05, so with a critical value of 2 < s < 8 we retain our null hypothesis. Because S = 8 is between the two critical values s = 1 and s = 9 we fail to rejection the null hypothesis at  = 0.05. In the present example our results provide no evidence that the coin is biased.

Table 5. Critical values for Sign Test. Left values of s give P(S < s) and right values of s give P(S > s).

Exercise 1:

Question: Do isopod larvae have a preference of turning left or right (or in other words, do they show handedness)?

Null hypothesis 1 (1Ho): 


Alternate (or working) hypothesis 1 (1Ha): 


Experiment 1: Observe whether 1 individual isopod will turn left or right over 10 trials when given the choice in the domino T maze pictured at the right.  We are looking for individual variation, so only use one isopod at this juncture.  If your table is cold, insulate by placing a piece of cardboard between your domino maze and the table.  Place dominos on their sides in the patterns as found on the right.  Place isopod at “S” with head in T maze.  If your isopod does not move, warm it in your hands.  Try again.  Sometimes gently touching the isopod with a pencil tip on its posterior end (the backend) will get your isopod started.  Record your results in Table 1 under your team’s designated letter.  Share data with class and complete the table by recording your classmates’ results.

Your total #R = _______________

Your total #L = _______________

Class total #R = _______________

Class total #L = _______________

What about individual isopods in your class?  What if you count every isopod in your classroom as right handed if it turned to the right 6 times or more.

Count # R handed = ___________



Now do the same for the isopods in your classroom that turned left 6 times or more, count them as left handed.

Count # L handed = ____________

How many isopods turned right five times turned left five times: ______________________?

What happens if you average your class results?    

Draw a graph of your class results.

Exercise 2:

Question: Do isopod larvae have a preference of turning left or right (or in other words, do they show handedness) after being forced to turn right?

Null hypothesis 2 (2Ho): 


Alternate (or working) hypothesis 2 (2Ha): 


Experiment 2: Observe whether 1 individual isopod will turn left or right after a forced right turn over 10 trials when given the choice in the domino R-T maze pictured at the right.  If your table is cold, insulate by placing a piece of cardboard between your domino maze and the table.  Place dominos on their sides in the patterns as found on the right.  Place isopod at “S” with head in T maze.  If your isopod does not move, warm it in your hands.  Try again.  Sometimes gently touching the isopod with a pencil tip on its posterior end (the backend) will get your isopod started.  Record your results in Table 2 under your team’s designated letter.  Share data with class and complete the table by recording your classmates’ results.

Your total #R = _______________

Your total #L = _______________

Class total #R = _______________

Class total #L = _______________

What about individual isopods in your class?  What if you count every isopod in your classroom as right handed if it turned to the right 6 times or more.

Count # R handed = ___________



Now do the same for the isopods in your classroom that turned left 6 times or more, count them as left handed.

Count # L handed = ____________

How many isopods turned right five times turned left five times: ______________________?

What happens if you average your class results?   

Are these results the same or different from Exercise 1? 

Draw a graph of your class results.

Exercise 3:

Question: Do isopod larvae have a preference of Light substrate or Dark substrate?

Null hypothesis 3 (3Ho): 


Alternate (or working) hypothesis 3 (3Ha): 






Experiment 3: Observe whether 1 individual isopod will move towards the light or dark side of the Petri dish.  We are looking for individual variation, so only use one isopod at this juncture.  If your table is cold, insulate by placing a piece of cardboard between your Petri dish.  For 5 trials, place the light colored paper under area A, and the dark paper under B.  For the next 5 trials, place the dark paper under A and the light colored paper under B.  Place isopod at “S” with head and body along the line of light and dark.  If your isopod does not move, warm it in your hands.  Try again.  Sometimes gently touching the isopod with a pencil tip on its posterior end (the backend) will get your isopod started.  Record your results in Table 3 under your team’s designated letter.  Share data with class and complete the table by recording your classmates’ results.

Your total Light = _______________

Your total Dark = _______________

Class total Light = _______________

Class total Dark = _______________

What about individual isopods in your class?  What if you count every isopod in your classroom as Dark if it turned to the Dark side 6 times or more?

Count Dark = ___________



Now do the same for the isopods in your classroom that turned to the Light 6 times or more, count them as Light.

Count # Light = ____________

How many isopods turned Dark five times turned Light five times: ____________________

What happens if you average your class results?   

Draw a graph of your class results.

Exercise 4:

Question: Do isopod larvae have a preference Illumination or Shadow?

Null hypothesis 4 (4Ho): 


Alternate (or working) hypothesis 4 (4Ha): 






Experiment 4: Observe whether 5-10 isopods per trial will move towards the Illuminated or Shadowed side of the Petri dish.  If your table is cold, insulate by placing a piece of cardboard between your Petri dish.  For 5 trials, direct the flashlight towards area A, and cover area B with dark paper (be sure to cover the edge by the flashlight, to block the light).  For the next 5 trials, cover area A with the dark paper and shine the flashlight toward area B.  Clean the Petri dish after each trial.  Place isopods at “S” with head and body along the line of light and dark.  If your isopods don’t move, warm them in your hands.  Try again.  Leave the isopods in the Petri dish for 10 minutes, then record the number on the Illuminated side and the number on the Shadow side Table 4 under your team’s designated letter.  Share data with class and complete the table by recording your classmates’ results.

Your total Illuminated = _______________
Your total Shadows = _______________

Class total Illuminated = _______________
Class total Shadows = _______________

What about individual isopods in your class?  What if you count every isopod in your classroom as Shadow if it turned to the Shadow side 6 times or more?

Count Shadows = ___________



Now do the same for the isopods in your classroom that turned to the Illuminated 6 times or more, count them as Illuminated.

Count  Illuminated = ____________

How many isopods turned Shadows five times turned Illuminated five times: ____________

What happens if you average your class results?   

Draw a graph of your class results.

Table 1: Handedness in Isopods with a T Maze
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Table 2: Handedness in Isopods with a R-T Maze
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Table 3: Substrate Preference




D = Dark Paper
L = Light Paper
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Table 3: Substrate Preference





D = Dark Paper
L = Light Paper

	Team
	Trial 1
	Trial 2
	Trial  3
	Trial 4
	Trial 5
	Trial 6
	Trial 7
	Trial 8
	Trial 9
	Trial 10
	Total

	H
	
	
	
	
	
	
	
	
	
	
	D

L


	I
	
	
	
	
	
	
	
	
	
	
	D

L


	J
	
	
	
	
	
	
	
	
	
	
	D

L


	K
	
	
	
	
	
	
	
	
	
	
	D

L


	L
	
	
	
	
	
	
	
	
	
	
	D

L


	M
	
	
	
	
	
	
	
	
	
	
	D

L


	N
	
	
	
	
	
	
	
	
	
	
	D

L


	O
	
	
	
	
	
	
	
	
	
	
	D

L



Table 4: Shadows vs. Illumination





S = Shadows
I = Illumination

	Team
	Trial 1
	Trial 2
	Trial  3
	Trial 4
	Trial 5
	Trial 6
	Trial 7
	Trial 8
	Trial 9
	Trial 10
	Total

	A       #S

          #I
	
	
	
	
	
	
	
	
	
	
	S

I


	B       #S

          #I
	
	
	
	
	
	
	
	
	
	
	S

I


	C       #S

          #I
	
	
	
	
	
	
	
	
	
	
	S

I


	D       #S

          #I
	
	
	
	
	
	
	
	
	
	
	S

I


	E       #S

          #I
	
	
	
	
	
	
	
	
	
	
	S

I


	F       #S

          #I
	
	
	
	
	
	
	
	
	
	
	S

I


	G       #S

          #I
	
	
	
	
	
	
	
	
	
	
	S

I



Table 4: Shadows vs. Illumination





S = Shadows
I = Illumination

	Team
	Trial 1
	Trial 2
	Trial  3
	Trial 4
	Trial 5
	Trial 6
	Trial 7
	Trial 8
	Trial 9
	Trial 10
	Total

	H       #S

          #I
	
	
	
	
	
	
	
	
	
	
	S

I


	I        #S

          #I
	
	
	
	
	
	
	
	
	
	
	S

I


	J        #S

          #I
	
	
	
	
	
	
	
	
	
	
	S

I


	K      #S

          #I
	
	
	
	
	
	
	
	
	
	
	S

I


	L       #S

          #I
	
	
	
	
	
	
	
	
	
	
	S

I


	M      #S

          #I
	
	
	
	
	
	
	
	
	
	
	S

I


	N       #S

          #I
	
	
	
	
	
	
	
	
	
	
	S

I


	O       #S

          #I
	
	
	
	
	
	
	
	
	
	
	S

I
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D





S





F





B





S





A





S
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S





A





F





D





S





D
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