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Known throughout the country for motivating and engaging teachers and students, Brad has co-
authored over a dozen books that provide easy-to-teach yet mathematically rich activities for busy 
teachers while teaching full time for over 30 years. In addition, he has co-authored over 40 teacher 
training manuals full of activities and ideas that help teachers who believe mathematics must be 
both meaningful and powerful. 
 

Seminar leader and trainer of mathematics teachers 
♦ 2005	California	League	of	Middle	Schools	Educator	of	the	Year	
♦ California	Math	Council	and	NCTM	national	featured	presenter	
♦ Lead	trainer	for	summer	teacher	training	institutes	
♦ Trainer/consultant	for	district,	county,	regional,	and	national	workshops	
	

Author and co-author of mathematics curriculum 
♦ Simply	Great	Math	Activities	series:	six	books	covering	all	major	strands	
♦ Angle	On	Geometry	Program:	over	400	pages	of	research-based	geometry	instruction	
♦ Math	Discoveries	series:	bringing	math	alive	for	students	in	middle	schools	
♦ Teacher	training	seminar	materials	handbooks	for	elementary,	middle,	and	secondary	
school	
 

Available for workshops, keynote addresses, and conferences 
All	 workshops	 provide	 participants	 with	 complete,	 ready-to-use	 activities	 that	 require	
minimal	preparation	and	give	clear	and	specific	directions.	Participants	also	receive	 journal	
prompts,	homework	suggestions,	and	ideas	for	extensions	and	assessment.	
	
Brad's	math	activities	are	the	best	I've	seen	in	38	years	of	teaching!	
 Wayne Dequer, 7th grade math teacher, Arcadia, CA  
“I	can't	begin	to	tell	you	how	much	you	have	inspired	me!”	
 Sue Bonesteel, Math Dept. Chair, Phoenix, AZ 
	“Your	entire	audience	was	fully	involved	in	math!!	When	they	chatted,	they	chatted	math.	Real	
thinking!”	
 Brenda McGaffigan, principal, Santa Ana, CA 
“Absolutely	engaging.	I	can	teach	algebra	to	second	graders!”	
 Lisa Fellers, teacher 
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Like my activities? How about giving me a favorable 
rating on the Teachers Pay Teachers 
website? Four stars would be much 
appreciated and would help me sleep better at 
night. 

Like me even more? Then please don’t make copies 
for your colleagues. I know it’s tempting 
when they say, “Wow! Groovy activity! Can 
I have a copy?” But this is how I make my 

money, and why are they still saying “groovy” 
anyway? 

If we make copies for our friends, can we 
honestly tell our students not to copy or take 
things that don’t belong to them? (Ouch!) 

Half priced site licensed copies are 
available on the TPT website. Please 
encourage them to take advantage of 
this affordable option. Okay? 

Thanks and happy teaching, 

Brad J 

✩✩✩✩	
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a) Effective staff development 
 
b) Affordable staff development 

c) Ongoing staff development 

d) ALL OF THE ABOVE! 

 

♦ Effective because they are classroom-tested and classroom-
proven. These popular DVDs of Brad’s trainings have been utilized 
by teachers throughout the country for years. 

♦ Affordable because they are site-licensed. Buy only one copy 
for your whole school, print as many copies of the handouts as you 
need.  

♦ Ongoing because when you hire new staff, simply hit “play” and 
the training begins. There’s no need to bring back the consultant. 

ww w . t t t pr es s .c o m  
br a d@ tt t pr e ss . c om  

Great DVD 
presentations offer 

quality mathematics staff 
development at a 

fraction of 
the cost! 
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E a s y  E l e c t r o n i c s  L a b  
  

 
 
Overview: 

Students love exploring and designing electrical 
circuits in this hands-on creative lab. Watch as they 
engineer functioning circuits complete with lights, 
buzzers, and switches using batteries and salt 
dough. Working cooperatively, they will learn the 
principles of direct current and explore the 
difference between series and parallel circuits. 
Inexpensive materials make this project perfect for 
schools with limited funds or resources. A complete 
materials list and ordering information are included 
as well as a recipe for making your own electronic 
dough. 

 
Procedure: 

1. Each pair of students will need one 9-volt battery, a terminal connector, three LED 
light bulbs, and some salt dough. 

2. Ask the students to identify the positive and 
negative terminals on their battery. You can 
explain that electricity is much like a magnet in 
that it has a positive and a negative terminal. 
You cannot connect a positive to a positive. 

3. Explain that the will be designing an electrical 
circuit. Electricity flows in a loop from negative 
to positive. If the loop is broken, the flow of 
electricity stops. When the loop is completed, 
electricity flows. However, we don’t want it to 
simply flow back into the battery without doing 
something. That is called a short circuit. If a 
wire were attached from one battery terminal to 
the other, a loop would be created, but the 
battery and wires would overheat! We have to 
put something such as a light or buzzer in the 
loop.  This provides resistance and prevents a 
short circuit from occurring. 

4. Have them separate their dough in half and 
form it into two balls. Set them on the desk 
about 1 cm apart. 

Required Materials:  
ý Salt Dough (recipe 

included) 
ý 9-volt batteries 
ý Terminal connectors 
ý LED lights 
Optional Materials: 
o Buzzers 
o Switches 
o Wire 

Short circuit – a flow of 
electricity with little or no 
resistance, also a failure of 
electricity to flow as planned in a 
circuit. Electricity will take the 
“easiest” path, that is the path of 
least resistance. If electricity has 
the option of flowing back to the 
battery without passing through the 
LED bulb, it will do that. 

Resistance – a measure of how a 
device reduces or inhibits the flow 
of electricity. Metal has low 
resistance, and water has higher 
resistance, so electricity flows 
better through metal. However, 
salt water has a much lower 
resistance than pure water which 
explains why our dough conducts 
electricity. 
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5. Snap the terminal connector onto the battery. Explain that they must try to keep the 
two wires from touching; that would create a short circuit.  

6. Plug one wire into a ball of dough and the other into the other ball. Make sure the 
balls of dough do not touch each other or you will create a short circuit again. 

7. Now take an LED light and spread the two wire legs a bit. Plug one leg into one ball 
of dough and one into the other. What happens? 

8. Half the students will see their LED 
light up and half won’t. This is because 
the LED is backwards. Just like the 
battery, the LED has a positive and 
negative terminal. The longer of the two 
legs is the positive end. It must be 
connected to the ball of dough that leads 
to the positive (red) wire. 

9. Once they switch their LED, everyone will have a functioning light circuit. Now it’s 
time to explore! 

10. Let’s wire in a switch. You can buy a 
simple “push-on/push-off” switch. One 
push closes the circuit turning on the 
lights and the next push breaks the 
circuit turning it off. You can also make 
a switch by simply plugging one of the 
wires into ball of dough or taking it out. 
I have also had students make switches 
out of clothes pins, paper clips, and other 
devices. You could create an entire 
lesson by challenging them to design a 
simple and reliable switch. A separate 
jumper wire (shown here in green) is 
used to complete the circuit from the 
switch to the ball of dough. 

11. Ask the students to notice how much light comes out sideways from the LED 
compared to how bright it is when viewed from the top. LEDs are very directional 
which makes them ideal for applications such as car headlights or flashlights, but 
lighting a room is a bit of a challenge. How would they overcome this? 

12. What will happen if you plug more LEDs into the balls of dough? 

13. Each time they plug in another LED, it will light up, but the lights get dimmer each 
time. This is because we are spreading the voltage among more bulbs, so each one 
gets a lesser amount. These LED lights require very little voltage. That is why they 
are great energy-saving lights. Two 1.5-volt AA batteries will light them up nicely, 
but because some voltage is lost to resistance in the dough, a 9-volt battery is used 
for this activity. Note: If the student hooks the LED directly to the terminals of 
the 9-volt battery, it will usually blow the bulb! 
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14. This looks pretty impressive. Now it’s time for a challenge. All the LEDs are 
bundled together. I ask the students to create a string of lights such as you might find 
on a Christmas tree. How could you create more separation between the bulbs to 
make a bigger loop or chain? 

15. Students may try to 
spread the LEDs further 
apart while leaving them 
plugged into the two balls 
of dough. Eventually 
someone will think of 
creating a loop like the 
one shown. Here we see 
two red and one blue light 
all lit up at the same time. 

16. Ask the students what 
happens if one of the 
lights burns out? They 
can model this by 
removing one of the 
bulbs as shown. They will 
see that all the lights go 
out. Can they explain 
why? (The circuit is 
broken.) 

17. I like to tell my students 
about the old days of 
Christmas lights that 
came in strings of 100 
bulbs. If one bulb burned 
out, they all went out. 
Then I had to remove 
each bulb and replace it 
with a good one until I 
discovered the culprit. This was bad enough on a string of 100 bulbs, but was even 
worse if two bulbs burned out at the same time. That left me with a frustrating math 
problem. You might ask the students how many possible arrangements there are for 
two bad bulbs. With 1 bad bulb, there are 100 possibilities. With two bulbs there are 
100 possible sockets for the first defective bulb and 99 for the second. That means I 
would have to try 100 x 99 or 9,900 different arrangements! If that didn’t work, it 
might be that there are three defective bulbs! That’s 100 x 99 x 98, or 970,200 
combinations; oh my! Typically, the string of bulbs was tossed in the trash long 
before the second or third bulb burned out. 

18. “So,” I asked my students, “how do you solve this problem? I want you to design a 
string of lights such that I can remove one and the rest stay lit. However, they must 
be spaced out; you can’t plug all the LEDs into two large lumps of dough. 
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19. Students struggle with this idea for quite a while. They try to create networks of 
bulbs that emanate from each ball of dough toward others like a spider web. 
However, electricity won’t play that game; it will take the easiest route, light those 
LEDs, and leave the others unlit. 

20. Eventually my students realize that the key is in the dough, not in the lights. If we 
simply roll snakes instead of balls, they can create wires of dough of any length they 
want. Then the LEDs can jump from one snake to the other. When I remove one 
LED, the electricity is free to flow through the others as shown. 

 
21. This is called wiring in parallel, and it makes sense why. The other looped circuit we 

saw earlier is called wiring in series. You can ask students about the advantages and 
disadvantages of each. Series uses less wire (dough), but what a hassle! You might 
ask them about when you might want to use each type of circuit. A burglar alarm 
might be wired in series so that if any part of the circuit was broken, the alarm would 
be activated. But wait, if the circuit was broken, how could the alarm go off? This 
could be accomplished by putting the alarm in a circuit of higher resistance. Perhaps 
the alarm needs a lot of electricity to activate the buzzer. As long as a lower 
resistance loop was available, perhaps a green LED activation light, the electricity 
would flow through that path. As soon as the lower resistance path was broken, the 
electricity would be forced to flow through the alarm. 
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22. A parallel circuit is not only good for string lights such as those you might put on a 
Christmas tree; they are used in a lot of other applications also. We don’t want all the 
streetlights to go out when one burns out. Can they think of other applications of 
parallel circuits? 

23. I purchased buzzers also and had the students experiment with these. They found 
that they typically would not work when plugged into the dough. However, if their 
leads were connected directly to the battery, a wonderfully annoying din ensued. 
Apparently the resistance of the dough was not low enough to allow the necessary 
electricity to activate the buzzer. 

24. You have many choices in the types of LED lights. One type that we used was a 
red/green bi-color light. When the students plugged these in, half the students had a 
red light and half had green. Reversing their polarity caused them to change to the 
other color. They can research how this type of LED is designed. 

 
25. I also bought red/green/blue color changing LEDs that alternate their colors and 

blink rates. The students enjoyed the surprise! 
26. If you wish, students can research how LED lights work compared to other types of 

lights. Here are some good topics for integrating the T for “technology” into this 
STEM lesson. 

a. What does “LED” stand for? 
b. How long do LED lights last compared to incandescent or fluorescent lights? 

c. What is the cost comparison? 
d.  How much of an incandescent bulb’s energy is converted to light and how 

much is converted to heat? How does this compare to fluorescent lights and 
LEDs? (You may wish to have students make a table comparing this data.) 
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27. An inexpensive ohm meter can be used to measure the resistance in the dough. 
Compare the voltage when the ohm meter leads are connected directly to the battery 
with the reading when they are connected to the salt dough. 

 

 
Dough recipe: 

Basic Recipe: 
Materials: 

• 11/2 cup flour 
• 3/4 cup salt 
• Approximately 3/4 cup water 
• Food coloring (optional) 
Mix dry ingredients well. Slowly add water while stirring. As the dough begins to 
form, you can finish mixing it by kneading it with your hands. 
 

Optional recipe for more a dough that is easier to form (more elastic) 

• 11/2 cup flour 
• 3/4 cup salt 
• Approximately 3/4 cup water 
• 1 tablespoon cooking oil 
• ½ tablespoon cream of tartar 
• Food coloring (optional) 
Prepare as in the former recipe. 

 

For a more advanced lesson, have students vary the recipe ingredients and measure the 
performance of the dough. The ratios of water and salt will affect the resistance. They can 
use an ohm meter as described earlier to gather accurate data that can then be displayed in 
a table or graph. 

 



©	2017	by	Brad	Fulton	and	TTT	Press	 	

Materials: 
I purchased most of my materials at Dollar Tree (dollartree.com) and All Electronics 
(contact information below). At Dollar Tree I get two 9-volt batteries for $1. I have also 
bought cheap light-up toys there and pirated the LED lights out of them. 

All Electronics 
allelectronics.com 
14928 Oxnard, St., Van Nuys, CA 91411-2610 
Phone: 800-826-5432 
Fax: 818-781-2653 
Here are the items I have purchased from All Electronics, their catalog numbers, and their 
prices at the time of this writing. 
I also bought some 18 gauge stranded wire. It comes in various colors and currently costs 
less than $5 for a 35-foot roll which is plenty for a class. 

Lastly, I bought some electrical pliers. These are used to strip the ends of wires if you are 
buying your electrical wire in a roll. 

 
 

 

	
9-volt	battery	connector	

BST-3	
4	for	$1	

	
LED	

Red:	LED-257	
Bi-color	red/green:	LED-6	
White	flashing:	LED-4w	
Color	changing:	LED-231	

$.35	to	$.75	each	

	
Push-on/push-off	

switch	
PB-231	
$.60	each	

	
Electrical	pliers	

	
9-volt	battery	
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Teaching STEM 
What exactly does it mean to teach STEM? There are many different ways to define a 
STEM or project-based learning approach, so there are consequently different ways to 
implement instruction effectively. 

I like to consider the model shown here. In 
traditional instruction, content is presented in what I 
would consider a linear model. A unit is taught and 
then assessed. If a student passes the assessment, 
that is great, but even if he or she does not, our 
content standards force us to move on to the next 
unit of instruction. 
A PBL or STEM approach is a cyclical model. After 
researching the problem or task, the student or 
student team designs a solution, builds it, and tests 
it. In this model, the student self-assesses. The 
student also evaluates the outcome and results of the 
test. Does this do what I wanted it to do? Does this solve the problem? If not, 
improvements are made and the cycle is repeated until a successful solution is reached. 

In this type of instruction, failure is no longer the terminus in a process; it is a waypoint. 
It doesn’t signify failure as much as learning. In the words of Thomas Edison as he 
experimented with the filament of his light bulb, “I didn’t fail; I discovered 10,000 ways 
not to make a light bulb.” 

I have found that when I teach with this model in mind, students no longer have fear of 
failure or risk aversion. They are not intimidated by failure but rather are challenged by 
it. They are excited, and I think this is the way our brains are designed to learn. 
So how do we design a STEM or PBL lesson? The 
comprehensive answer to that question would 
require an entire book, but the model I envision is 
shown here. I begin by considering the content I 
teach at my grade level in science, technology, and 
math. Then I look for a task that can incorporate as 
much of this content as possible. This means that 
even though STEM lessons are fun and lead to 
cooperative work, I don’t teach them specifically for 
those reasons; those are secondary benefits. I teach 
STEM because it engages my students in the skills 
they need to learn and gives them a platform for 
implementation of those skills. 

This also means that there are days of direct instruction in my class. There are skills they 
need to use as tools to engineer the solution to the challenge, and I teach these skills by 
the most efficient strategies I can find. Then they use these tools (content standards) in 
building a solution to the task at hand.	
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If you liked this activity, you might also like some of the other 
lessons available in my TeachersPayTeachers store. Simply search 
for “Brad Fulton”. 
	
You can also find many free and inexpensive resources on 
my personal website, www.tttpress.com. Be sure to 
subscribe to receive monthly newsletters, blogs, and 
FREE activities. 
 
Similar S.T.E.M. ON A SHOESTRING activities include: 
• Slime Time – A gooey lab involving Non-Newtonian 

fluids. Get the PowerPoint too! 
• Ramp Races – An engaging and exciting way to teach 

students the principles of physics: forces, motion, 
speed, friction, and more! 

• Invisible Ink Lab – Make hidden messages appear 
using the principles of chemistry and simple kitchen 
ingredients 

• Milk Lab – Watch polar and non-polar molecules 
interact in this rainbow-hued lab. PowerPoint 
presentation available too! 

 
Feel free to contact me if you have questions or 
comments or would like to discuss a staff development 
training or keynote address at your site. 
	

Happy teaching, 
	

Brad 
	


