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EMG Active Learning
This lesson is based on a presentation given by Dr. Jennifer 
Lundmark and Ms. Andrea Salmi at the HAPS Conference, 
Maui, HI, June 2-7, 2001

  Overview

  Active Learning
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Active Learning Lessons convert traditional physiology laboratories into inquiry-based
exercises. Students perform a lab exercise designed to encourage them to make 
observations and develop and test multiple hypotheses during a single lab period using 
the BIOPAC data acquisition system. These inquiry-based exercises are designed to 
give students experience with the scientific method, group discussion, design of simple 
experimental protocols, and the responsibility of making their own decisions.

This "Active Learning" lesson allows students to participant in, rather than merely 
receive, their own education. This lesson assumes students are familiar with the 
concepts of concentric, eccentric, isometric, and isotonic contractions*  and provides 
only the basic setup and recording steps students need to 

Students will design an experiment to measure how electrical activity 
changes when a muscle contracts with varying degrees of force.

create their
own experiment.

To learn more about the benefits of Inquiry-based, Active Learning Labs, read 
these  on Inquiry-based labs using the 
Biopac Student Lab System.

results from an NSF-CCLI Grant-Supported Project

*For explanation of these terms and further experimental guidance, review the .Appendix

  EMG

Human skeletal muscle consists of hundreds of individual cylindrically shaped cells 
(called ) bound together by connective tissue. In the body, these muscles are 
stimulated to contract by somatic motor nerves that carry signals in the form of nerve
impulses from the brain or spinal cord to the skeletal muscles (Fig. 1.1). Nerve cells that 
innervate skeletal muscle are called .  They are located in the 
gray matter of the spinal cord and brain.  (or nerve fibers), which are long 
cylindrical extensions of the neurons, leave the spinal cord via spinal nerves and the 
brain via cranial nerves, and are distributed to appropriate skeletal muscles in the form of 
a peripheral nerve, which is a cable-like collection of individual nerve fibers. Upon 
reaching the muscle, each nerve fiber branches and innervates several individual muscle 
fibers.

fibers

somatic motor neurons
Axons
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Fig. 1.1 Example of Motor Units

Although a single motor neuron can innervate several muscle fibers, each muscle fiber is 
innervated by only one motor neuron. The combination of a single motor neuron and all of 
the muscle fibers it controls is called a  (Fig. 1.1). When a somatic motor 
neuron is activated, all of the muscle fibers it innervates respond to the neuron’s 
impulses by generating their own electrical signals that lead to contraction of the 
activated muscle fibers.

motor unit

When a motor unit is activated, the component muscle fibers generate and conduct their 
own electrical impulses that ultimately result in contraction of the fibers. Although the 
electrical impulse generated and conducted by each fiber is very weak (less than 100
microvolts), many fibers conducting simultaneously induce voltage differences in the 
overlying skin that are large enough to be detected by a pair of surface electrodes. The 
detection, amplification, and recording of changes in skin voltage produced by underlying 
skeletal muscle contraction is called . The recording thus obtained is
called an  (EMG). The changes in amplitude of the recording indicate 
changes in the amount of electrical activity in the muscle.

electromyography
electromyogram

Objectives

1. To investigate the electrical activity of different muscles as they contract with varying degrees of force.
2. To design experiments by selecting muscles to record EMGs from and creating activities those muscles will perform.

Equipment

PC running Windows or Macintosh computer 
BIOPAC Software: Biopac Student Lab PRO
BIOPAC Data Acquisition Unit ( )MP30
BIOPAC electrode lead set ( ) -- one or more, dependent on experiment designSS2L
BIOPAC disposable vinyl electrodes ( )EL503
Electrode gel ( )and abrasive pad ( )GEL1 ELPAD

Experiment Design
Design an experiment to measure how electrical activity changes when a muscle contracts with varying degrees of force. 
Experiment must

1. Specify which muscle will be used
2. Specify how the force of contraction will be altered
3. Specify what measurements will be taken and how they will be recorded (table, etc.)
4. Conform to the Scientific Method, specifically:

A. Identify a problem or objective.
B. Form a hypothesis.
C. Test the hypotheses by observation and experimentation.
D. Interpret the data.
E. Draw conclusions (design a new experiment if data do not support the hypothesis)
F. Report observations and conclusions.
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See  for more experiment ideas.Additional Study

Setup
This setup demonstrates basic EMG connections on the human forearm. Student experiments may require 

variations.
Note: 

Hardware

1. Plug the  into  on the unit.  (If recording more than one muscle simultaneously, plug 
another electrode lead set into CH 2.)

Electrode Lead Set CH 1 MP30 

2. Turn the data acquisition unit .MP30 on
3. Turn the computer on.
4. Launch the software on the host computer.BSL PRO
5. Open the EMG Lab by choosing

.

File menu > 
Open > choose Files of type: 
GraphTemplate (*GTL) > File Name: 
EMG.gtl

Calibration

No calibration is required.

Subject — Electrode Connections

The electrode connections for setting up EMG recording consist of an attached to an unit.electrode lead set MP30

1. Lightly abrade the surface of the skin where you wish to record muscle activity.  You must select locations over the 
proximal and distal ends of the belly of the muscle, as demonstrated below.

2. Locate a nearby area, but not the same muscle, for the ground electrode and abrade that area as well.
3. Apply gel-filled vinyl electrodes to each area.
4. Attach the electrode lead set as follows:

Proximal End: White

Ground: Black

Distal End: Red

 
Running the Experiment

Hints for minimizing data error

The subject should not look at the computer screen during data collection.
The subject must avoid excessive extraneous movement.
Remove all jewelry or other metal objects. 
Check all cable connections.

Here's a simple example of the type of recording student experiments might require:
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1. Make sure the subject is relaxed, and then click "Start" on the data screen to begin recording.
2. Tell the subject to contract and hold the designated muscle for 2 seconds about every 5 sec.
3. Insert a marker (hit the "Esc" key) to mark the exact time the subject contracts.
4. After 30 seconds, click "Stop" on the data screen to end.

Sample EMG Data from the Biopac Student Lab PRO

Additional Study

 

1. Repeat the above experiment using at least two other muscles.
2. Design an experiment to demonstrate concentric and eccentric contraction in the same muscle.
3. Design an experiment to demonstrate isotonic and isometric contraction and compare the EMGs.
4. Review and apply what you have learned with the following worksheet. WORKSHEET

 

Sample Experiment Variation
Calf muscle:

1. Subject stands flat footed.
2. Subject lifts to his toes, holds for 2-3 seconds, then returns to a flat footed position.
3. Allow sufficient recovery time (5-10 seconds) between each trial.
4. Repeat, now giving the subject a moderate weight (5-10 lb) object to hold.

Continue for a total of 3-4 trials with increasingly more weight in 5-10 lb increments.

Appendix

Definitions
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Contraction   Definition Example

 Isometric    constant muscle length and joint angle  pushing against a wall, without moving

 Isotonic    constant resistance to muscle  weight lifting

 Concentric    muscle shortens  "positive" weight lifting (lifting the weights)

 Eccentric    muscle lengthens  "negative" weight lifting (lowering the weights) 

 
Inquiry-based Labs / Active Learning
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