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LITTLEBITS LESSON 

INVENT A THROWING ARM 

 

 

LESSON OVERVIEW 
 

Students  will us e the littleBits  Invention Cycle, and an unders tanding of the bas ics  of circuitry, motion and 
s imple machines , to cons truct a  launcher that flings  projectiles  towards  a  target. Students  will modify their 
launcher us ing Bits  and other materia ls  to try to make it more powerful or accurate. Res ults  from thes e 
tria ls  will be us ed to create a  unique game us ing their modified launcher. Conclude the activity by hos ting a  
game tournament, where s tudents  can explain and s hare their game, and tes t out others ’ inventions . 
 

 

 

LESSON TAGS 
 

GRADE LEVEL SUBJ ECTS DIFFICULTY DURATION 

elementary, middle engineering  
art/ des ign 

beginner 90 minutes  (minimum) 

PREREQUISITE 
KNOWLEDGE 

   

Introducing littleBits  
Introducing the Invention 
Cycle 
 

   

 

 

SUPPLIES 

 

BITS ACCESSORIES OTHER MATERIALS TOOLS USED 

battery and cable 
P1 power 
button 
s ervo 
s ervo hub 
 
 
 
 

s ervo mount 
mechanical arm (3) 
s crews  (3) 
mounting board 
 
 

paper cups  
recycled materia ls  
markers  
paper 

Phillips -head s crewdriver 
s cis s ors  
mas king tape 
rubber bands  
tape meas ure 
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DESCRIPTION 
 

LESSON OBJ ECTIVES By the end of the les s on, s tudents  will be able to: 

• Create and tes t a circuit containing a  power s ource, inputs  and 
outputs  
• Cons truct a  prototype of an autonomous  art machine us ing 
littleBits  and other materia ls  
• Tes t their prototypes  and make improvements  
• Self-as s es s  their work bas ed on the outlined s ucces s  criteria  and 
cons tra ints  
• Demons tra te their ability to Create, Play, Remix and Share an 
invention through the littleBits  Invention Cycle by recording their 
proces s es  in the Invention Log 
• Devis e a  game that us es  the res ulting invention 
• Communicate their proces s  and s hare their invention by 
participating in a  games  tournament 

 
 

ASSESSMENT 
STRATEGIES 

The Invention Log checklis t (Invention Log pg. 18) can be us ed to 
as s ess  your s tudents ’ unders tanding of the Invention Cycle, us e of the 
Invention Log and ability to atta in the objectives  of the les s on. For 
formative as ses s ment while s tudents  work, you can us e this  checklis t 
to as k ques tions  about their current tas k and ens ure that they are on 
the right track. The checklis t can a ls o be us ed as  a  s elf-as s es s ment 
tool by s tudents  as  they move from phas e to phas e. For s ummative 
as s ess ment, you can use this  checklis t to review s tudents ’ entries  into 
their Invention Log and as s es s  their unders tanding of the challenge 
and the invention proces s  as  a whole. 
 
 

 

 

STANDARDS 
 

NGSS 

 
3-5-ETS1-3 Engineering 
Des ign: Plan and carry 
out fa ir tes ts  in which 
variables  are controlled 
and fa ilure points  are 
cons idered to identify 
as pects  of a model or 
prototype that can be 
improved. 
 

To meet this  s tandard, s tudents  are explicit about the need or want being des igned for, and call it s uch, as  
well as  criteria  for s ucces s  and cons tra ints  of materia ls , time, cos t etc. that they’re willing to work within. 
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MS-ETS1-3 
Engineering 
Des ign: Analyze 
data  from tes ts  
to determine 
s imilarities  and 
differences  
among s everal 
des ign s olutions  
to identify the 
bes t 
characteris tics  
of each that can 
be combined into 
new s olutions  to 
better meet the 
criteria  for 
s ucces s . 

 

To meet this  s tandard, s tudents  tes t their prototypes  and make improvements . Set a ll but one variable as  
fixed, and change jus t one parameter in attempts  to maximize the agreed upon criterion for s ucces s . 
Students  may als o be a llowed to “borrow” the bes t as pects  from one another’s  des igns  during this  proces s .  
To meet thes e s tandards , s tudents  will need to fill out information in the Remix s ection of the Invention Log 
(pg. 11 and 12) every time a  variable is  changed and tes ted. Be s ure to print additional copies  of thes e 
pages  before the les s on begins . 

*For other curricular connections , s ee the “Extens ion” s ection a t the end of this  les s on. 
 

 

 

VOCABULARY 
 

power  
input  
output  
magnetis m  
parallel  
circuits   
torque  
Angle 
cons tra ints  
criteria  for s ucces s  
 
 

  

 

RESOURCES 
 

ATTACHMENTS 
 
 

littleBits  Invention Log 
STEAM Student Set (SSS) Teacher' Guide 
Build Ins tructions  (video) 

https://d3ii2lldyojfer.cloudfront.net/pdf/STEAM+Student+Set/Invention-Log-1-2.pdf
https://d3ii2lldyojfer.cloudfront.net/pdf/STEAM+Student+Set/STEAM-Student-Set-Teacher%27s-Guide-1-1.pdf
https://drive.google.com/open?id=1irv9hOEb6GSkZTLNZWr0ZiiLrN5iL8Mz
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Remix prompts  (video) 
 

TIPS & TRICKS Look out below! This  activity involves  throwing objects  through the a ir. We 
highly recommend es tablis hing, or co-creating with your s tudents , s ome 
clas s room rules / codes  of conduct on us ing their launchers  (e.g. launchers  
s hould never be a imed at fellow clas s mates ). Des ignating a  tes t zone for the 
launch is  a ls o recommended. 

Phillips -head s crewdrivers  (not included) and s mall s crews  (provided) will be 
required for mounting the mechanical arm to the s ervo. You may want to review 
how to properly us e a  s crewdriver depending on the ability of your s tudents . 
Guided projects  can pair with the Invention Log for the Play and Remix phas es  
of the Invention Cycle. The Create phase has  a lready been outlined for s tudents  
in their Invention Guides . 
 
*For tips  on how to break up your les s on over multiple clas s  
periods , s ee SSS Teacher’s  Guide pg. 117 

 
 

  
 
 
INSTRUCTIONAL STEPS 

 

 

STEP 1: SETUP - Prior to Class  
 

This  les s on can be done individually or in s mall groups  (2–  3 s tudents ). Each group will need a t leas t one 
STEAM Student Set and Invention Guide, plus  one Invention Log and As s es s ment Checklis t per s tudent. 
We s ugges t handing out the Bits  in the Create phas e to keep s tudents  focus ed on initia l ins tructions  and 
review activities . For more experienced us ers , you may want to provide acces s  to additional Bits  in the 
Play and Remix phas es  to provide a  greater divers ity of circuit combinations . 

Set up a  centra l location in the clas s room for as s orted materia ls  and tools . You’ll a ls o want to clear or 
des ignate an area for your projectile tes ting zone. 
 
During the Create phas e, s tudents  will cons truct their firs t prototypes  according to ins tructions  in the 
Invention Guide. You may want to cons truct your own example prototype before the les s on begins . Seeing 
a  working model of what they are building can help the s tudents  unders tand the goal of their Create phase 
and will a llow you to quickly demons tra te working in the Play phas e. 

 

 

 

 

STEP 2: INTRODUCE 
Duration: 10-15 minutes  
 

https://drive.google.com/open?id=1PsXuqjV5J8VRut6oX-GxnG1uzuTbZi0z
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Begin the activity by leading a  s hort review of key vocabulary (s ee above) and the littleBits  bas ics  (e.g. 
magnetis m, order matters , color-coding). 

If this  is  the firs t time your s tudents  will be engaging in a  challenge us ing the Invention Cycle framework and 
the Invention Log, take 5– 10 minutes  to review each s tage (pg. 11). 

Introduce the les s on objectives  and define criteria  for s ucces s  and cons tra ints  that are appropria te for your 
s tudents . For example, your criteria  for s ucces s  could be that the circuit mus t contain power, input and 
output. While the firs t prototype will be guided, your s tudents  will be able to cus tomize their throwing arms  in 
the Remix phas e of the Invention Cycle. 

 

 

 
 

 

STEP 3: CREATE 
Duration: 20-30 minutes  
 

A.  CREATE IDEAS 
Engage your s tudents  in a  dis cus s ion around how objects  move through the a ir (projectiles ). 

If you were to move an object towards  a  target that is  acros s  the length of the clas s room, how would 
you do it? Students  may s ugges t throwing, kicking, or us ing a  phys ical object like a  bat or racket. 

When throwing/ projecting this  object towards  a  target, what are s ome of the phys ical factors  that you 
would need to cons ider? Ans wers  may include s peed, direction, gravity, force (a ir res is tance/ wind), 
weight of the object, s ize of the target, pres ence of obs tacles  in the path of the object. Write a  lis t of 
their res pons es  on the board. As k your s tudents  to make predictions  about s ome of these factors  that 
may affect the tra jectory of the throw (e.g. would a  heavy ball go farther than a  lighter ball?). 

Students  will be able to tes t out s ome of these ideas  in the Remix phas e of the Invention Cycle. 
 

B. CREATE PROTOTYPE 
Students  will follow the ins tructions  in their Invention Guide to build prototypes  of The Launcher. 

Encourage s tudents  to reference the Bit Index (pg. 7– 27 in their Invention Guides ) if they get s tuck or 
want to learn more about a  particular Bit or acces s ory. For younger s tudents , you may want to paus e the 
clas s  after each s tep to troubles hoot any common problems , as  well as  s hare s ucces s ful build 
s tra tegies  amongs t the groups . 
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STEP 4: PLAY 
Duration: 10-15 minutes  
 

As  you move through the play prompts , be s ure to have s tudents  record their proces s  and reflections  in the 
Invention Log (s tarting with "How did your tes ting go?") 
 

How did your tes ting go? 
Once the models  have been cons tructed, s tudents  s hould tes t their prototypes  to make s ure it works  and to 
explore the circuit functionality. Have s tudents  create a target to practice their launchers ; we s ugges t a  
tower of paper cups  as  s hown on pg. 50 of the Invention Guide. Students  could a ls o use a cup or circle of 
paper to create a s mall bas ketball hoop. 
 
1.  TEST THE CIRCUIT (STUDENT PROMPTS): 
To move objects  forward, hold the mounting board and make s ure the mechanical arm s tarts  out 
pointing back towards  your body. Pres s  the button. The mechanical arm/ bas ket s hould s wing upwards  and 
end parallel to the mounting board. If it does n’t work: 
 
• Check the trigger 

•  Make s ure the button is  press ed a ll the way down. 
• Check your power 

                                      •  Make s ure your power Bit is  s witched on and the cable connections  are s ecure. Check for 
low batteries . 

• Motors  are in the correct mode 
•  Check the s etting on the s ervo, it s hould be s et to TURN. 
•  Tip on s ervos : s ervos  are s ens itive to weight; you may need to lighten the load if it s tarts  
s haking. 
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2. HOW IT WORKS 

 
p1 power s ends  a  s ignal to the button. 
 
When pres s ed, the  i3 BUTTON lets  the s ignal through to the s ervo. 

When th e o11 SERVO gets  the s ignal, it turns , rotating the 
arm and throwing the projectile. 

 
Either as  a  clas s  or in groups , as k s tudents  to dis cus s / explain how the circuit works . A clear unders tanding 
of how it works  will help them explore and experiment during the Remix phase. Make s ure s tudents  
unders tand how each component in the circuit functions , including the mechanical arm. Note: your 
s tudents  will have acces s  to the ans wers  above in their Invention Guide. Demons tra ting how the circuit 
works  and as king probing ques tions  will help as s es s  their unders tanding of the materia l. 

For example, you could as k: What happens  when... 

• Your s ervo receives  a  full 5 volt s ignal? (the arm s wings  to the right) 

• Your s ervo receives  0 volts ? (the arm will move to the left) 

Be s ure to have s tudents  record their notes  and proces s es  in the Invention Log. 

 

 

 
 
 
 

 

STEP 5: REMIX 
Duration: 20-30 minutes  
 

To meet the outlined NGSS s tandards , ins truct s tudents  to fill out a new REMIX section in their Invention 
Logs  (pg. 11– 12) every time a variable is  changed and tes ted. If you do not plan to adhere to the NGSS 
s tandards , a llow s tudents  more flexibility and exploratory pathways  during this  phas e of the des ign 
proces s . 

 

PROTOTYPE #  2 (AND MORE...) 
 
Now it’s  time to flex your s tudents ’ Engineering Des ign s kills  to enhance their car of the future. For this  
les s on, you’ll be moving your s tudents  towards  Remix C “Invent a  Game” (found on pg. 52 in the Invention 
Guide), but tackling Remix A and B firs t will help your s tudents  think through pos s ible invention adaptations  
and phys ical forces  that they will have to take into cons ideration. You may choos e to extend the les s on to 
meet additional curricular requirements  (be s ure to check out the Extens ion s ection for more ideas ). You 
can find more advice on how to conduct the Remix Phas e in the Invention Advis or s ection (SSS Teacher’s  
Guide, pg. 13). As  s tudents  make changes  to their inventions , make s ure they are documenting how their 
prototypes  are changing and the res ults  (good and bad) in their Invention Logs . Taping a  tape meas ure to 
the floor will help s tudents  quantify the dis tance; record these meas urements  and us e them to make 
decis ions  on how to improve the launcher. For s peed and accuracy, encourage s tudents  to think through 
ways  to quantify and record thes e res ults . 

REMIX PROMPTS: 
 

● Experiment with mechanics : Which parts  of the launcher can be changed to influence dis tance, 
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accuracy and s peed? Alter one variable a t a time to bes t as s es s  the impact of the des ign change 
on the performance of the launcher. 

○ How does  changing the length of the mechanical arm impact the throwing dis tance? 
○ Us e different objects  for balls , of varying mas s  and s hapes . What object gets  thrown the      

farthes t? What observations  can be made about how the s ize and s hape of the object 
affects  the s peed and dis tance traveled? 

○ What happens  when you change the bucket s ize or s hape? How does  it affect the throw? 
Do any changes  make the throw more reliable? More accurate? 
 

● Make it engaging: What other games  can be played with the launcher? 
○ Ideas  include bas ketball, mini golf, or bowling; new games  are a ls o encouraged! 
○ Cons ider how many players , what the objectives  and rules  are and how players  will keep 

s core. 
○ Added challenge: Try us ing the number Bit + an input on the target for recording s core. 

Collect and record data  from multiple tria ls  from one individual, or s ingle tria ls  between 
multiple us ers . What can this  information tell the game des igner about difficulty or 
individual player performance? 

 
REMIX TIPS 

● As  you walk around the room, as k s tudents  to explain their remix choices  and the 
res ulting change in functionality and outcomes . 

● NGSS-3-5ETS1-3 and MS-ETS1-3 Connection: Allow s tudents  to “borrow” the bes t 
as pects  from one another’s  des igns , s etting a ll but one variable as  fixed, and changing 
the amount of jus t one parameter to s ee how to maximize the agreed- upon criterion for 
s ucces s . 
 

 

 

STEP 6: SHARE 
Duration: 25-30 minutes  
 

Hos t a  game tournament! Have s tudents  explain the objectives , rules  and s coring s ys tem that they have 
devis ed, then try out each other’s  games . 

 

 

 

STEP 7: CLOSE 
Duration: 5 minutes  
 

At the end of the les son, s tudents  s hould put away the Bits  according to the diagram on the back of the 
Invention Guide, clean up their materia ls  and hand in their Invention Logs . 
 

 

 
 

STEP 8: EXTENSIONS 

 

Incorporate one (or more!) of the following extens ions  in the Remix s ection of this  challenge to bols ter 
your les s on’s  NGSS applications : 
 

 



 
 
 
 

9 

3-PS2-2 Motion and Stability: Make obs ervations  and/ or meas urements  of an object’s  motion to 
provide evidence that a pattern can be us ed to predict future motion 
 

To fulfill this  s tandard, take time laps e pictures  of the ball from the s ide and note s imilarities  of 
motion,even under different conditions . 
 

4-PS3-1 Energy: Us e evidence to cons truct an explanation rela ting the s peed of an object to the 
energy of that object. 
 

To fulfill this  s tandard, s ys tematically categorize the energy of the ball given it being s een traveling a t various  
s peeds  (as  per time laps e pictures ). Balls  of different mas s  could be us ed. 
 

4-PS3-1 Energy: Us e evidence to cons truct an explanation rela ting the s peed of an object to the 
energy of that object. 
 

To fulfill this  s tandard, s ys tematically categorize the energy of the ball given it being s een traveling a t various  
s peeds  (as  per time laps e pictures ). Balls  of different mas s  could be us ed. 
 

5-PS2-1 Motion and Stability: Support an argument that the gravita tional force exerted by Earth on      
objects  is  directed down. 
 

Create a game where s tudents  us e the launcher to knock a  cup off a  table. Fill the cup with increas ing 
amounts  of weight and s ee how much weight is  required to s tabilize the cup s o the launcher is  no longer 
able to tip the cup. 
 

3-5-ETS1-1 Engineering Des ign: Define a  s imple des ign problem reflecting a  need or a want that 
includes  s pecified criteria  for s ucces s  and cons tra ints  on materia ls , time, or cos t. 

Sys tematically document the tra jectories  of s tudents ’ ball throws , and as k them to explain their 
characteris tic parabolic s hape. This  inves tigation could begin by looking a t a  video of tra jectories  in 
microgravity environments  (s pace walks , etc). 
 

3-5-ETS1-2 Engineering Des ign: Generate and compare multiple pos s ible s olutions  to a  problem 
bas ed on how well each is  likely to meet the criteria  and cons tra ints  of the problem. 

 

Allow s tudents  to come up with an agreed-upon criterion for s ucces s  of their launcher (everyone s hould 
have the s ame goal) and cons tra ints  on them, e.g. “cos t” of materia ls  or “weight” in terms  of number of 
pieces . An imagined, but motivating, s cenario could be provided. 
 

 
MS-PS2-2 Motion and Stability: Plan an inves tigation to provide evidence that the change in an object’s  
motion depends  on the s um of the forces  on the object and the mas s  of the object. 
 

Allow s tudents  to come up with different s olutions  to a  problem and explicitly compare them on the bas is  
of their ability to meet the goal within the cons tra ints . For challenges  with wheels , ideally additional wheel 
s izes  and treads  are available. This  les s on would typically be taught (at leas t in part) by analyzing the 
tra jectories  of projectile motion. 



 
 
 
 

10 

 

MS-PS3-1 Energy: Cons truct and interpret graphical dis plays  of data  to des cribe the rela tions hips  of 
kinetic energy to the mas s  of an object and to the s peed of an object. 
 

Us e the tra il of the projectile to calcula te s ome dis tance over time meas ure (s peed) of its  tra jectory and 
plotting its  kinetic energy for balls  of different mass . This  is  a  tried and true phys ics  lab. 

 

 
MS-ETS1-2 Engineering Des ign: Define the criteria  and cons tra ints  of a  des ign problem with s ufficient 
precis ion to ens ure a  s ucces s ful s olution, taking into account relevant s cientific principles  and potentia l 
impacts  on people and the natural environment that may limit poss ible s olutions . 
 

Allow s tudents  to come up with different s olutions  to the problem and explicitly compare them on the 
bas is  of their ability to meet the goal within the cons tra ints . 

 

 


