
Experimental Procedure 
For our examples we will be recording using the Backyard Brains app. 

Before you hook up a subject you have a couple of decisions to make: What muscle are you going to 
record from and what kind of activity are you going to have the subject perform? We'll be measuring from 
the forearm while having the subject attempt to grip an object for as long as possible, but you can choose 
your own methodology here when you perform the experiment yourself! Just keep in mind, we want to 
observe an isometric (stationary) example of muscle fatigue, like grip strength - so pick something that is 
not a dynamic movement (alternate example, have your subject arm wrestle with the wall, pushing their 
forearm and wrist against it as hard as they can, and measure from the forearm). 

1. First, connect your subject to the EMG SpikerBox and your EMG Spikerbox to your computer using a 
laptop cable. Begin by testing your signal: have your subject flex a few times and watch the computer 
to see the spikes. 

2. Next, we want to adjust the gain. Turn the wheel on your EMG all the way up, then have your subject 
flex as hard as they can. If the signal is clipping, turn down the "volume" wheel (gain of the signal) 
until you can see the tops and bottoms of all the spikes. Once you can, have your subject relax a 
couple of minutes. (a clipped signal looks like this) 

 

3. When your subject thinks they are ready, hit record on the app and immediately have them perform 
the procedure, keeping their muscle active for as long as possible. Remind them the focus isn't on 
maintaining max intensity for as long as possible before abruptly relaxing. Instruct the subject to 
shoot for about 70% strength and to keep the muscle active for as long as they can, even as they feel 
themselves getting "weaker." 

4. When they give out, or have noticeably plateaued at a low level, stop the recording. Your recording 
may look something like this: 



 

5. Write down the length of time of the recording, you'll need this later. Save the recording with 
identifiable notation, such as "Muscle Fatigue - Woman 1 - total time 118s." 

Perform this with as many subjects as you can, the more values the more compelling the results! If you 
are in a classroom, get everyone involved! We'd recommend at least 10 people in each subject group, but 
if you are facing time constraints, you can do fewer. 

Another quick note: Changing the gain on the spikerbox to adjust signals for clipping does affect the RMS 
read outs. Thus, the raw data, such as the beginning and ending strength, is not useful comparative data 
on its own. The slope calculation accounts for this because it is a measurement that is relative to the 
magnitude of the recording and, when averaged out, can then be used as a descriptive statistic for 
comparison. As long as you do not change the gain of the EMG Spikerbox DURING a recording, your 
data will be fine and your results will be workable. 

Aggregating the Data 
Our first step in interpreting our data is to turn our recordings into something a bit more quantifiable. 

Open up your first recording, zoom all the way out; we're going to be measuring from the first and last five 
seconds of the recording: 

 



With your right mouse button, click and drag from the beginning of the signal until you have selected a 
five second sample. While still holding down right click, look at the RMS value and write it down. 

 
Look at the end of the recording. You should start your measurement at the point in the signal just before 
relaxation, dragging your selection to the left, and again selecting a five second sample and recording the 
RMS value. 

 
For each recording you need these three variables: total time in seconds (Total Time(s)), RMS of the first 
five seconds (RMS Initial), and RMS of the last five seconds (RMS End). Repeat the process until you 
have collected this data for all your recordings. 

Root Mean Square (RMS) 
Let's take a quick look at RMS before we go any further, just so we understand what we're working with. 
RMS is not a measure of peak signal strangth, rather it is a measure of signal magnitude, which is 
calculated by squaring the signal, taking an average of the sum of squares, then taking the square root. 
Why do scientists do this though? 



First, it's important to remember that our signal has a positive and negative bounds, like this: 

 
So if we were to try to take an average of this signal, we wouldn't end up with much... 



 
Remember from math class, how can you get rid of a negative? By squaring it! So let's try that with our 
signal: 



 
That covers the square, but what about Root and Mean? Root and mean go hand in hand together here. 
Now we take the "sum of the squares" of the signal and divide it by the number of time intervals sampled 
(points) to get our mean (or average) value. Then you take the square root of your mean value to come 
up with the RMS! 



 

Interpreting the Data 
Now that we've got our values, let's chart them out to make them a bit easier to manage. 



 
(Alpha, Beta, and Centauri, etc. are just the anonymous names for our subjects that we thought sounded 
cool...) 

Now, we have a couple of calculations to make using our values... 

Equation for a Line (and our trend line!): 

 
This is the formula for our trend line, where m is equal to our slope (rate of fatigue), and where "b" 
represents where the line would intersect with the y-axis. But before we can solve for b, we need to solve 
for m. 

Slope: 



 
"m" is the slope of our trend line that we're calculating for the fatiguing signals. It will also serve as our 
Rate of Fatigue variable, which we will use to compare our two test groups. 

Since we're only working with two values right now, RMS and time, things will be a bit easier. Also, we 
have to take into consideration that our RMS measurements are themselves an average over five 
seconds. To account for this, divide the starting and total time in seconds by five. This effectively allows 
us to treat our measurements as if they were taken at a specific point, more easily allowing us to graph 
and math them. Keep in mind that your points are measurements over 5 seconds when presenting your 
results. Our tables end up looking like this: 

 
With the starting time point at 1 and the end point at 17 (17 being the Total Time in Seconds / 5). 

Time is our x variable and RMS is our y variable. We can solve for the rate of fatigue by plugging into the 
formula for the slope above 



 
This is the value we are primarily concerned with, but let's go full circle here and practice calculating the 
trend line, or line of best fit. It will definitely be a useful skill in the future! Using our newly discovered m 
value, we can now solve for the equation of our line using the trend line formula from above! 

 
Now that we have solved for the y-intercept of the trend line, we have all the information we need for the 
equation of the line! 

 
This formula represents the trend line for the first test subject's EMG signal during the fatigue test. The 
last step, finding the y-intercept, isn't a necessary step for the information we are trying to gather for this 
particular experiment, but it is good to learn about the slope and line formulas together. 

Record the slope, or rate of fatigue, of your first subject. Repeat the process above for your other 
recordings and add the information to your charts under a new column, RoF: 



 

Discussion 
Let's try to understand our results. In our experiment, the women destroyed the men in terms of muscle 
endurance, coming in with a rate of fatigue that was almost exactly half of the men's! Why are the girls so 
much better at maintaining their strength over a long period of time? Are they stronger? not necessarily, 
endurance isn't really about strength. Are they tougher? Certainly. Are they just flat out better in terms of 
muscular endurance? Maybe! Lots of research has been done into looking at this difference (example) 
and it has been found (by us too!) that women's endurance is often greater than men's! Where can we 
see this in a non-scientific setting though? Women's impressive endurance gives them an edge in rock 
climbing - this is a sport where it is common to see women in direct competition with men. Research is 
also being done into women's endurance running and it looks like men and women are on equal footing 
there as well! 

Your Turn! 
Use this example to guide your own experiments! Think about different variables you can test. You could 
also compare different muscles from the same body; investigate into whether people's arms or legs have 
different rates of fatigue, or just compare left and right arms. You can also make changes to the testing 
procedure, change the time frame of the data collection, etc. You can compare people at a neutral state, 
and then an impaireded or excited state. What can you come up with? If you design an experiment and 
come up with some cool results, email us at hello@backyardbrains.com! 

and, with your permission, we'll share it on our website! You can contribute to the world's scientific 
knowledge!	


