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1.  PHYSICAL ADAPTATIONS TO HABITAT  
 

Goal: To build a model of an animal that has a physical charac teristic specifically adapted to  its 
native habitat. Students  connect a feature of the animal with a feature of its habitat, and discuss 

why that characteristic helps the animal survive.  
 

Main Themes:  
¶ Construction of physical structures  
¶ Evolution of  anima l adaptations  for h abitat conditions  

 
Biology Theory:  Animalsô characteristics slowly change over time to better match their habitat. 

The changes that help the animal survive give that animal an advantage over others; that 
animal is more likely to survive and pass this trait onto the next generation of the animal. In this 
way, animals evolve and develop characteristics, or traits, that are specialized for their habitat.  

  
Activity Instructions:  

¶ Students pick an animal, research the animalôs habitat, and create a model of a specific 
physical adaptation suited for its habitat .  

¶ Some ex amples of physical adaptations  (or students can pick their own ) :  

o Lizards are the same color as the sand around them  
o Fish have fins to propel and steer in the water  

o Monkeys have st rong, flexible tails to hang from branches  
o Giraffes have long necks to reach tender vegetation up high  

¶ See the LEGO Engineering  Animal Studies curriculum, Lesson 3 ( page 20 )  for more ideas : 
http://www.legoengineering.com/images/stories/curriculum/REESE%20curriculum/LEcom
_Compiled_Packet_Animals_LowRes.pdf  

¶ Students can fill out the worksheet on page 95 in the LEGO Engineering cur riculum above 
as they research the animalôs habitat .  

 
Construction Tips:  
¶ Students can use the LEGO pieces to build their animal model, or supplement with other 

con struction and crafts materials . 
¶ This is primarily a building activity, and does not necessaril y require progr amming or use 

of the NXT brick . 
¶ Students can easily overestimate what they can build and models can quickly become too 

complex . Encourage the students to  plan out their model before build ing  and find ways to 

simplify or scale it down.  
 

Discu ssion Questions:  
¶ What makes a habitat? What are the common features of all habitats? What things do all 

animals need in their habitat?  

o A habitat is a place where animals live. For any animal to survive, they need 
air/oxygen, water, food, and en ough space to move.  

¶ Why is this animal a good match for its habitat? How does this physical trait  of the animal 
help it survive in its habitat?  

¶ Why would an animal without this trait have a harder time surviving in that habitat?  

¶ How do other animals survive  in this particular habitat?  
¶ How easy was it to build the animalôs trait with the materials available? 

¶ How is your model similar to the real animal? How is it different?   

http://www.legoengineering.com/images/stories/curriculum/REESE%20curriculum/LEcom_Compiled_Packet_Animals_LowRes.pdf
http://www.legoengineering.com/images/stories/curriculum/REESE%20curriculum/LEcom_Compiled_Packet_Animals_LowRes.pdf
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2.  DEFENSIVE BEHAVIOR: HERD OF CARIBOU  SCATTERING  
 

Goal: To program  a caribou herdôs defensi ve behavior of scattering in response to predators. 
Each group will build a robotic caribou that runs in a random direction or pattern at the sound of 

the ópredatorô. Putting all the studentsô robots together will form the herd behavior.  
 

Main Themes:  
¶ Using the sound s ensor ( microphone )  
¶ Adjusting the volume threshold that triggers action  

¶ Animalsô defensive behaviors 
 

Biology Theory:  Some prey animals, particularly the fast ones, try to escape their predators by 
running away. Many herd animals scatter, or run in a variety of directions, so that the predators 
cannot catch multiple members of the herd. Caribou (also known as Reindeer) live in large herds 

and use this scattering defensive behavior, as do cattle. Deer tend to live in small herds or 
individually , but also scatter in response to danger.  

 
Robotics Theory:  A threshold is a triggering point or value at which a state is changed or an 
effect is produced. Sound waves travel through the air and are  picked up by the microphone 

sensor , which  detects sound  volume levels. A program take s a certain action when the sound 
volume reaches a specified level.  The caribou robots pick up the sound of the ópredatorsô, and 

when the sound reaches a certain volume threshold, they respond with the action of running 
away.  

 
Activity Instructions :  
¶ Put all the robots near each other facing outward  so that they run into each other less  

often  when they scatter.   
¶ Experiment with various thresholds and test out the limits of the sensors. This is an 

important part of scientific re search.  
o The whole class should make a noise at the same time to trigger the herdôs 

defensive behavior. Try different types of sounds (clapping, stomping, singing, etc) 

and try it at different volumes (whispering to yelling).  
o Try setting the volume thresh old at different levels to see what triggers the robotôs 

action.  Different groups can use different volume thresholds to simulate a more 
random herd behavior.  

¶ Every robot should be programmed with a unique pattern of behavior. However, all the 

behaviors s hould be trying to move away from their starting point.  
 

Construction Tips:  
¶ The students can use a simple wheeled robot for this activity, or 

build something more elaborate to resemble caribou.  

¶ For good step -by -step instructions of a simple 2 -motor wheele d 
robot, see pages 48 -59 of the LEGO Engineering curriculum: 

http://www.legoengineering.com/images/stories/curriculum/REE
SE%20 curriculum/LEcom_Compiled_Packet_Animals_LowRes.pdf  

 

http://www.legoengineering.com/images/stories/curriculum/REESE%20curriculum/LEcom_Compiled_Packet_Animals_LowRes.pdf
http://www.legoengineering.com/images/stories/curriculum/REESE%20curriculum/LEcom_Compiled_Packet_Animals_LowRes.pdf
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Sample Code:  
This sample robot hears the predatorôs sound and is programmed to drive away, then turn, then 

drive more.  This is just one possible behavior; every group should construct their own.  

 
This program:  
¶ Waits for a sound that crosses the specified threshold  

o Change the threshold with the  ñUntilò setting in the ñwait for soundò block  

    
o Greater - than setting (>) : robot wait s for sound to be louder than that value to act  
o Less- than setting (<) : robot wait s for sound to be quieter than that value to act  

¶ Drives forward for 2 seconds  

¶ Turns to the side (by having just one motor run)  
¶ Drives forward for 2 more seconds  

 
Discussion Questions:  
¶ At w hat level  did the sound threshold  have to be to trigger yo ur robot?  

¶ Did clapping set it off?  Yelling? Stomping?  
¶ What examples of real robots use sound for communication?  

o Example of simple robot ic behaviors  listening for commands from humans: Some 
cell phones and cars can interpret voice commands to initiate phone  calls and other 
actions. Another very simple example is the ñclapperò that turns lights on and off 

based on the sound of a person clapping.  
o Example of robots using sound to give feedback to humans: the Roomba 

vacuuming robots use different beeping pattern s to alert people that it is stuck, out 
of battery charge, or has completed cleaning.  

o You can research on the internet for other examples  

¶ How well does the scattering beha vior defend against predators? Does it do more to help 
the herd as a whole or indivi duals? What happens to the young or weak  animals ? 

o Scattering can help to confuse the predator(s) since all the animals are running in 
different directions . This behavior tends to leave the young or weaker anim als of 
the herd more vulnerable .  

¶ How do other  herd  animals defend themselves against predators?  
o For example, compare caribou to the muskox , which are  large Arctic hooved 

animal. The largest members of a muskox herd form a defensive ci rcle around the 
younger members  and will charge oncoming predators.  

¶ What animals prey on  caribou? What do caribou eat? Describe a few levels above and 

below caribou in the food chain.  
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Activity Variations (optional):  

¶ Build multiple caribou robots , each  with a different threshold of sound level to trigger the 
robot. Work as a group to set the m off one by one. The more robots that are involved, the 
harder it will be to successfully set them off one by one.  

¶ See how low you can set the threshold and st ill be able to sneak up on the caribou  robot  
to surprise it.  

 
Resources:  
¶ Defensive behaviors of herd s: cattle vs. buffalo:  

http://journals.cambridge.org/download.php?file=%2FORX%2FORX42_01%2FS00306053
08001105a.pdf& code=9cd2be04099177c75eecd461067b11c3  

¶ The Encyclopedia of Tracks and Scats :  
http://books.google.com/books?id=9XOc2_u7z6cC&printsec=frontcover   

  

http://journals.cambridge.org/download.php?file=%2FORX%2FORX42_01%2FS0030605308001105a.pdf&code=9cd2be04099177c75eecd461067b11c3
http://journals.cambridge.org/download.php?file=%2FORX%2FORX42_01%2FS0030605308001105a.pdf&code=9cd2be04099177c75eecd461067b11c3
http://books.google.com/books?id=9XOc2_u7z6cC&printsec=frontcover
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3.  DEFENSIVE BEHAVIOR: ñPLAYING POSSUMò 
 

Goal: To build a robot that only moves when the surroundings  are silent . This models a 
possum ôs behavior of óplaying deadô in response to a predator.   

 
Main Themes:  

¶ Using the sound sensor, or microphone, and adjusting the volume threshold  
¶ Progra mming with loops  
¶ Animalsô defensive behaviors 

 
Biology Theory: Animals in nature are very patient and cautious ; some  animals even act like 

they are dead . They  mimic the appearance and smell of a dead animal with the hope that 
predators lose interest in wh at they think is less - than - fresh food. Opossums (a.k.a. possums), 
North Americaôs only marsupial, actually go into shock and become unconscious when 

threatened , similar to fainting . Some species of snakes are very good at pretending to be dead . 
 

Robotics T heory:  See activity 2 ñCaribou Scatteringò 
 
Activity Instructions :  

¶ At a minimum, use a simple wheeled robot with a sound sensor attached . (see activity 2 )  
¶ Place the robots around the room, far enough apart that they wonôt run into each other. 

An open area i s preferable.  
¶ The whole class needs to be quiet together to trigger the possum robots. Experiment with 

different volumes and thresholds.  
 
Sample Code:  

¶ Each group should build a robot that stays still when it hears sound  and moves when the 
sound is under a certain volume threshold.  

¶ Students may need to test out different sound thresholds, particularly depending on how 
much ambient noise there is outside of the classroom.  

 
This program:  
¶ Waits until the sound level is below the specified threshold  

o Note: i f you make the threshold too low, the sound of the motors could cross the 
threshold and cause the robot to stop moving.  

¶ Turns the motors on to drive forward for 0.1  seconds  

o This is the determining factor in  how quickly the program makes it through the 
loop . Operating the motors for 0.1 seconds means the program will  loop about 10 

times per second, which will make the robot more responsive to changes in noise.  
o Use the ñcoastò setting  instead of ñbrakeò to achieve a more fluid movement .  

¶ Loops back to the be ginning to check the sound sensor again  
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Discussion Questions :  
¶ What volume threshold made the behavior work correctly?   

¶ How well could the class keep qui et  at the same time?  
¶ What happens when/if you change the duration of the motors driving?  

o The longer th at the motors are on and driving forward, the longer it takes to finish 

that iteration of the loop and go back to sampling the sound from the microphone. 
This can make the robot less responsive.  

¶ How well does the óplaying deadô behavior work for animalsô defense? What are the 
advantages or disadvantages?  

o It c an discourage predators, many of whom avoid decaying carcasses . 

o However, it may not work against scavenging predators, who will eat carcasses. 
Also it may not help against the threat of being run over b y automobiles.  

¶ What other animals have similar defensive behaviors?  
o Many animals hide and freeze in response to danger. For example, turtles recede 
into their protective shell and donôt move or come out until the threat is gone.  

¶ What animals prey on poss ums? What do possums eat? Describe a few levels above and 
below possums in the food chain.  

 
Resources:  
¶ Opossum fact page: http://www.bbc.co.uk/nature/wildfacts/factfiles/658.shtml  

¶ More  detailed info on opossums: 
http://www.wildliferescueleague.org/report/opossum.html  

¶ ñPlaying deadò info: http://amos.indi ana.edu/library/scripts/possum.html   
  

http://www.bbc.co.uk/nature/wildfacts/factfiles/658.shtml
http://www.wildliferescueleague.org/report/opossum.html
http://amos.indiana.edu/library/scripts/possum.html
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4.  CAPTURING FOOD: VENUS FLYTRAP  

 
Goal:  To design and build a mechanical Venus  Flytrap that captures food using a touch sensor. 

Responding to touch input  from contact with an ñinsectò, the jaws of the robotic Venus  Flytrap  
snap closed  and trap its food.  
 

Main Themes:  
¶ Use of the t ouch sensor  

¶ Construction of rotating mechanical parts  
¶ Methods for capturing food  

 

Biology Theory: Carnivorous plants trap insects and digest them with enzymes for nutrition. 
Venus Flytraps are one type of carnivorous plant. A single Venus Flytrap plant grows multiple 

traps. When an insect lands on an open trap, it triggers a reflex in the plant that causes the jaws 
of the trap to snap shut.  
 

Construction Tips:  
¶ Build a stationary robot that has 2 moving ójawsô with a touch sensor in between. The 

jaws can be  made  out of paper, cardboard, or other material attached to the motor(s).  
¶ Give the students time to design their flytrap before building it. Encourage them to iterate 

on the design and te st it out as they go. Allow extra time for this design process.  

¶ Students can pretend their finger is an insect and push t he touch sensor to trigger the 
flytrapôs response.  

 
¶ Simple flytrap building  tips:  

o Estimated building time: 2-3 hours  

o Use 2 motors  attached to the NXT. Connect cardboard jaw side s onto the rotating 
motors with LEGO sticks & tape  

o Put a touch sen sor between the 2 jaws  
o For an even simpler  version, the motorized jaws and sensor can be taped to a 

cardboard base and sit alongside the NXT.  
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¶ More elaborate flytrap building tips:  
o Estimated building time: at least 3 hours  
o Use 1 motor. Connect the motor to 2 gears   

o Each ge ar connects to a ójawô, made from a combination of LEGO frame and 
cardboard  

o Secure a touch sensor between the 2 jaws  
o Attach the full flytrap atop a ñstemò of long LEGO pieces to the base NXT  
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Sample Code:  

¶ Turn the motor on for a set period of time, or a set number of degrees. Use trial and error 
to find the right amount of movement so that the motors consistently close the right 
amount.  

 
This program tells the rover to:  

¶ Wait for the touch sensor to be pushed  
¶ Operate  the motor s for 1.5  seconds to close the plantôs trap 

 

Discussion Questions:  
¶ How do most plants get their nutrition? What makes the Venus  Flytrap different than most 

plants?  

o Most  plants absorb minerals and other nutrients from the soil.  

o Venus F lytraps trap insects and digest them with enzymes to supplement the 

nutrients from the poor soil they usually live in.  

¶ How does a Venus Flytrap sense touch? How is it similar or different t han  humans ô touch? 

o Venus Flytraps have stiff hairs on their leaves that detect when an insect lands on 
the leaf. These hairs trigger a physical reflex that causes the flytrap to snap shut.  

o When our nerve endings detect an object in contact, it sends a mess age to our 
brain and we can interpret this sensory information and decide how to act. Flytraps, 
like all plants, do not have brains. However, sometimes the nerve information in 

humans goes straight to the spinal cord, causing a direct physical reflex, simi lar to 
the flytrapôs system. This results in a quicker physical response to protect you from 

danger.  

¶ What animals use behaviors like the Venus Flytrap to capture food?  

o Sea anemones  wait for their food to come by and trap it with their tentacles.  

o Animal jaws and flytraps evolved to have similar characteristics. For example, 
alligators have big jaws that snap shut around their prey.  

¶ What other methods do animals use to capture their food?  

¶ How well does the Lego robot model simulate the plantôs anatomy and method for 
capturing food? How does the model differ from the real plant?  

 
Activity Variations (optional):  

¶ Add to the program so that the plant opens its trap again after waiting for some period of 
time, and then waits for another insect to come along (u sing a loop) . 

 

Resources:  
¶ Botanical Society of Americaôs info on Venus Flytraps: 

http://www.botany.org/bsa/misc/carn.html  
  

http://www.botany.org/bsa/misc/carn.html
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5.  SONAR: ACT LIKE A BAT  

Goal:  To simulate a batôs use of sonar by using the ultrasonic distance sensor to move around 
the room. Students  make a robot to take the ultrasonic sound and transform it into a lower 

pitched sound that we can hear.  
 
Main Themes:  

¶ Animal senses: echolocation  
¶ Loops in programming  

¶ Programming math  
 
Robotics and Biology Theory:  Both robots and animals use sonar to navigate around their 

immediate surroundings, often aided by other senses of sight and hearing. They emit a high 
pitched ñchirpò and listen for the sound waves to bounce off an object in front of them . The 

longer it takes for the echo of the sound to return, the further away the object.  
 
Bats, dolphins, and whales use sonar (a.k.a. echolocation) to detect objects in their 

environment. It is believed that Dolphinôs teeth are arranged to help  receive th e incoming sound 
and make it easier for them to pinpoint the exact location of an object. Animals can also use 

echolocation for foraging or hunting for food.  
 
Robots use ultrasonic sensors in a similar way as animals to detect the distance to objects. 

Ult rasonic sensors use sound waves with a frequency above the limit of human hearing.  
 

Activity Instructions :  
¶ Students just need the ultrasonic distan ce sensor connected to the NXT  
¶ Students walk around the room holding the ultrasonic sensor in front of them, trying to 

look down o r close their eyes (walk slowly ! A partner can follow along for safety and stop 
them before they hit an object).  

¶ When they hear a lower pitc hed sound, an object is nearing ï change direction !  
¶ Itôs best to do this in a hallway or a clearing where walls are the only  obstacles   
¶ Students need to keep the sensor pointing directly ahead, as an angle can pick  up either 

the ceiling or floor   
 

Sample Code:  
¶ This program needs to use icons from the complete  programming pa lette  

o At the bottom of th e left toolbar of blocks, there are tabs for the ñcommon paletteò, 
ñcomplete paletteò and ñcustom paletteò. Click the middle icon for the complete 
palette .  
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¶ Access all the inputs and outputs of the blo cks by clicking on the expansion tabs  at the 
bottom of the block .  

o Click at the bottom: to expand the icon to look like this :   
o Each spot on the expanded panel corresponds  to either an input ( setting )  for  that 

block or a value outputted by the block. When you m ove your mouse over each 
icon, you can see what i t represents.  

o You can send values from one block to another. ñWireò an output  value from  the 
right side of a block to the input on the le ft side of another block (click the output 

and input squares to connect them with wires) . 
 

 
This program:  

¶ Takes a rea ding output from the distance sensor .  
o Note: this is a different block than the more familiar ówait for distanceô block.  
o Go to the complete palette, and choose the ultrasonic sensor from the ñsensorò 

group:  

 
¶ That output value is wired into spot ñAò of the Math block. This  value is multiplied by 5  (in 

the setting for ñBò).  
o Note: The Math bloc k is on the complete palette, under the ñdataò group: 

 




