
Measuring and graphing resistance with a PicoBoard and  
a thermistor

 Graphing 
Tool

We show how to use lists in Scratch to 

collect resistance measurements and 

graph the results with the pen tool.  

By Michael Badger

The Steinhart-Hart equation [3] provides a 
way to convert resistance to a temperature; 
however, that will not be the focus of this ex-
ercise. Resistance is measured in ohms, 
whereas Scratch measures resistance on a 
scale of 0 to 100, with 100 representing the 
highest resistance possible (no current). By 
graphing the resistance of the thermistor, you 
can extrapolate information about what is 
happening with regard to temperature. An in-
creasing temperature will result in decreasing 
resistance and vice versa.

From a Scratch programming perspective, I 
will show you how to collect the measure-
ments at defined intervals and store them in 

Scratch has long been 
able to connect to the 
physical world by way 
of a PicoBoard, which 

is an external device that plugs 
into the USB port of a com-
puter or a Raspberry Pi. The 
PicoBoard [1] measures re-
sistance, sound, and button 
clicks and includes a slider 
control. In this project, I’ll 
show you how to use a 

PicoBoard’s alligator clips to measure resis-
tance, and just to kick up the experiment a 
bit, I’ll use a thermistor to measure the resis-
tance of water as it warms or cools.

A thermistor is a type of resistor that is 
often used to measure temperature because 
its resistance varies significantly based on 
the temperature. Thermistors can be found at 
an electronics supply store or purchased 
from online retailers.

To set some context and purpose, this proj-
ect can be used as an experiment to observe 
how evenly the water heats up or cools down. 
Is the process subtle or abrupt? If you’re mea-
suring boiling water, what happens to the tem-
perature after the water boils? Additionally, the 
project can be scaled back and used to mea-
sure the resistance of individual objects. You 
can download my sample project complete 
with a text file of measurements online [2].

Michael Badger is author of 
Scratch 2.0 Beginner’s Guide 
from Packt Publishing. Learn 
more at scratchguide.  com.

The AuThor

Figure 1: The PicoBoard from SparkFun.
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a list for later retrieval. The second part of 
the programming exercise will retrieve the 
measurements from the list and graph the re-
sults. The use of lists and the pen tool will be 
the main Scratch topics.

Setting Up the picoBoard
After you have acquired a PicoBoard (Figure 
1, you can plug it in to an available USB port 
on your Pi. The Pi detects the device auto-
matically. Next, open Scratch, or restart 
Scratch if it’s already open. Scratch automati-
cally detects the PicoBoard and makes the 
() sensor value and sensor () ? blocks 
available in the Sensing palette. Scratch in-
teracts with the sensors on the PicoBoard 
through these two blocks.

The board contains four ports labeled A, B, 
C, and D, and each port takes a set of alliga-
tor clips. From the Sensing palette, select re-
sistance-B as the value in the () sensor 
value block. Although you can actually se-
lect any port for this exercise, I use port B be-
cause A is broken on my board. Next, click 
the checkbox next to the block to enable the 
stage monitor. Assuming the alligator clips 
for port B on the PicoBoard are not touching, 
the block should report a resistance-B value 
of 100.0.

If you complete the circuit by connecting 
the two clips on port B together, the resis-
tance drops to 0.0 – meaning the circuit is 
complete with no resistance. Next, connect 
one alligator clip to one lead of the thermis-
tor and the other alligator clip of the same 
port to the second lead of the thermistor; you 
get a new resistance value.

Each set of alligator clips can only be used 
on the port into which it’s plugged. If you try 
to connect the thermistor using one alligator 
clip from port A to one alligator clip on port 
B, you will not make a circuit, and resistance 
will always be 100.

If Scratch fails to detect the PicoBoard by 
not registering resistance values, try restart-

ing Scratch and make sure you do not have 
multiple instances of Scratch open, because 
that will cause conflicts. I’ve never had prob-
lems detecting the PicoBoard on my Pi, but if 
you do experience problems, try starting 
Scratch from a terminal window with the 
command scratch and look in the terminal 
window for clues. You can also watch syslog 
for problems: Disconnect the Pico Board, use 
the command tail /var/log/syslog -f from 
a terminal window, then plug in the Pico-
Board and watch for errors.

collecting the 
MeaSUreMentS
In this experiment, I’m going to measure the 
change in resistance to the thermistor over 
time, but before I can worry about what to 
measure, I need a framework to collect the 
data. The collection script uses Scratch’s 
built-in timer to set the collection interval and 
store each recorded resistance value to a list.

As a prerequisite to the script, create a list 
named measurements. To create a new list, 
click the Make a list button in the Variables 
palette. Lists are another name for arrays, 
and they can have a global or local scope. 
When you create a list, Scratch will prompt 
you to make the list available For all sprites 
or For this sprite only. Scratch defaults to the 
For all sprites option.

Just as when you create a variable, Scratch 
makes available several new Variable blocks 
when you create a list that makes it possible 
to add, remove, and work with the items in 
the list. Each item in the list is accessible by 
a numbered index.

If this is your first exposure to lists (ar-
rays), it might help to think of them in terms 
of a to-do list. On a to-do list, you have a list 
of items to accomplish. You may add items 
throughout the day or remove completed 
items. Listing 1 shows the complete collec-
tion script.

I like to start data collection by pressing 
the C key, because it involves a deliberate ef-
fort to run the script. In my first versions of 
this script, I used the when <green flag> 
clicked block as the event to initiate the col-
lection. However, I instinctively click the 
green flag in Scratch projects and, after I lost 
my first set of collected data, I made the 
change to the C key.

Other notable parts of the script are the 
hide block. The actual sprite is not important 
and the first thing to do after pressing the C 
key is to hide the sprite, so programming 
your script on the default cat sprite is just 
fine. The reset timer block resets the 

liSTing 1: Complete Collection 
Script
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My example has 131 items. Another impor-
tant point to keep in mind when working 
with lists in Scratch is that the list starts with 
item one – not with zero, as is common in 
many programming languages.

With the measurements monitor displayed 
on the stage, right-click on the watcher and 
choose export from the menu. This will allow 
you to save the contents of the list to a file. 
Then, if you have any data problems, you 
can import the list back into Scratch. Import-
ing a list will delete all existing items in the 
list. Figure 2 shows a sample list with the im-
port and export options displayed.

graphing the reSUltS
Once you have data in your list, you can 
graph it. Before you start building this script, 
you’ll need to create a variable named count. 
You’ll use this variable to keep track of your 
position in the list. To give you an idea of the 
process, Figures 3 and 4 show a couple of 
graphs that were made using this script.

The script has three main parts: Initializing 
the graph, drawing the chart boundary, and 
plotting the points. For ease of explanation, 
I’ll use those terms in the following discus-
sion. Listing 2 shows the complete script for 
graphing the points.

To initialize the graph, make sure the sprite 
is pointed to the right of the stage, because 
you’re going to use the sprite’s movement to 
draw the boundary of the chart. Thus, you 
need to make sure the sprite is facing the 
correct direction. The clear block is from the 
Pen palette and will remove any pen marks 
from the stage.

The pen up command ensures you don’t 
actually create any lines as you move the 
sprite to the starting position, which is de-
fined in the go to x: (-150) y: (0) block. 

built-in timer to 0 and immediately starts 
counting up again like a stopwatch. You can 
ensure that you start with an empty list by 
using the delete (all) of (measurements) 
block.

After you wipe any stored data from the 
measurements list, you can take the first re-
sistance measurement and add it to the list at 
position one by using the add ((resis-
tance-B) sensor value) to (measurements) 
block.

The forever block and the if ((timer) > 
(299)) evaluation set the collection interval. 
The example in Listing 1 collects the resis-
tance every five minutes (or 300 seconds) 
and adds it to the list. Then, the timer is reset 
and the script waits for the next 300 seconds 
to elapse.

This script runs forever, in that no condi-
tion is specified in the script to stop the col-
lection. The current script relies on you to 
click the stop sign in the Scratch project edi-
tor to halt the collection. This approach has 
worked well for me in the contexts in which 
I’ve used the script.

Depending on what I want to measure, I 
can adjust the value in the timer > () evalu-
ation to correspond to what I’m doing. If I’m 
measuring boiling water, for example, I know 
my experiment will only last 20 minutes or 
less, so I can collect a sample every minute. 
Additionally, I’m definitely not going to leave 
my water unattended, which means I’ll be 
available to stop the script manually. On the 
other hand, if I’m allowing ice water to warm 
up to room temperature, a longer collection 
interval will make sense, but I might not 
know how long to let the script run. In one 
of the example graphs that I’ll show, I let my 
collection script run for nearly 11 hours while 
recording data every five minutes.

In other words, I’m OK with an infinite 
loop for my data collection.

exporting and  
iMporting liStS
After you get a data set that you would like 
to graph, it would be a good idea to save that 
work. Trust me on this one. If you click on 
your collection script with your mouse, 
Scratch will run the stack of blocks and wipe 
out your data, resulting in inadvertent loss.

Fortunately, you can export that list data. 
To do so, first display the contents of the 
measurements list by clicking on the checkbox 
next to the measurements block in the Vari-
ables palette to display the list in a stage 
monitor. The bottom of the stage monitor 
displays the total number of items in the list. 

Figure 2: Sample list displaying 

import and export functions.

Figure 3: Graph showing resistance of boiling water.

Figure 4: Graph showing resistance of melting water.
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curves better on graphs with subtle changes 
in resistance values.

The two graphs shown in Figures 3 and 4 
are scaled differently in the X-axis, because 
my boiling water example has 20 points and 
the melting ice water example has 131 points. 
You can adjust your values as appropriate.

laBeling the graph
My figures show labels on each graph. These 
can be created as new sprites using the text 
tool in Scratch’s paint editor. I typically 
choose to label key points and measurements 
so that there is some context on the graph.

collecting a  
Variety of data
The examples I used show the resistance of 
water as it warms. In one case, the water 
went to boiling, which would represent tem-
peratures that range from approximately 
50°F to 212°F. In case you were wondering, 
the flat line of the boiling water graph indi-
cates that water does not get hotter as it 
boils, which most adult readers know.

In the other graph, the water warmed from 
an ice slurry at about 32°F to approximately 
64°F, and the graph for this process actually 
shows a period of unexplained cooling. The 
sharp increase in resistance midway through 
the graph indicates a reduction in tempera-
ture. This change could have been caused by 
an ice cube breaking free and resting against 
the thermistor.

Whatever you choose to monitor, please 
use caution and do it safely. Freezing a 
thermistor into an ice cube and then moni-
toring the resistance as the ice cube melts 
would be a safe experiment for a young 
Scratcher.

creating Script 
VariationS
You could modify this project to run on-de-
mand collections that measure the resistance 
for a list of individual items. For example, if 
you want to compare the resistance of a list 
of items (e.g., a penny, a butter knife, tin foil, 
and a water-soaked paper towel), you could 
revise the collection script to run the add 
(resistance-B) sensor value to (measure-
ments) block when the C key is pressed. 
Then, in the graphing script, replace the pen 
down block in the repeat (length) of (mea-
surements) block with a stamp block. Now 
each point will be a cat that will compare the 
resistance of the tests. You can change the 
sprite and size as appropriate.

Happy Scratchin’.  ● ● ●

The set (count) to (1) will ensure the 
graph starts with list item one.

If you look at Figure 3, the blue border of 
the chart is a rectangle. The sprite will draw 
this rectangle based on the blocks in the re-
peat (2) loop. The pen down block instructs 
the sprite to draw a line as it moves. The two 
pairs of move () steps and turn counter 
clockwise () degrees blocks actually create 
half a rectangle. Repeating the sequence 
completes the second half of the rectangle 
and gets the sprite back to where it started.

Next, you need to plot the points. The re-
peat (length of (measurements)) block con-
trols how many points are graphed by making 
the number of points equal to the size of the 
list. The first block in the repeat loop plots 
the point and starts from the stage (X, Y) co-
ordinates (-150, 0). This point on the Scratch 
stage becomes point (0, 0) for the graph.

In the graph, resistance values are plotted 
on the Y-axis, whereas time is represented on 
the X-axis. For the X position, the script does 
a simple calculation of x position + 2.5. The 
x position block is a reporter block that al-
ways knows the current X value of the sprite. 
The value 2.5 scales the graph up and always 
needs a value greater than 0 so that the point 
moves to the right of the graph.

For the Y position, the script uses the item 
(count) of (measurements) block to access 
the value in the list. The count variable is ini-
tialized to 1, and after each list item is 
graphed, change (count) by (1) increments 
the current value of count, so that the second 
pass through the loop accesses the second 
list item, and so on until the last item is 
graphed. The list value is multiplied by 2 to 
scale the graph up, which helps you see the 

[1]  PicoBoard:  
http://  www.  sparkfun.  com/ 
 products/  10311

[2]  Sample project:  
http://  www.  scratchguide. 
 com/  ?  attachment_id=451

[3]  Steinhart-Hart equation: 
http://  en.  wikipedia.  org/  wiki/ 
 Steinhart%E2%80%93Hart_
equation

info

liSTing 2: Complete Script for 
Graphing Points
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