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The reasonable man changes himself to fit the conditions of the
environment. The unreasonable man changes the conditions of the
environment to fit him. All progress depends upon the
unreasonable man.
--George Bernard Shaw
After integrating the healthy computing practices while working at
the computer, I was more awake and focused at work, and more
importantly, I had energy when I got home in the evening. Instead
of crashing in front of TV, I was present with my wife and kids. I
realized that there is life after five.
--Participant in the San Francisco State University
Healthy Computing Training Program
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FOREWORD
Over the past two decades, research in the field of ergonomics has blossomed. There
have been many gains for workers that include changes in workplace ergonomic safety
regulations as suggested by the Centers for Disease Control and Prevention (CDC),
National Institute of Occupational Safety and Health (NIOSH), and many regulations
established by U.S. Department of Labor Occupational Safety and Health Administration
(OSHA). Despite gains in worker safety policy regulation, there are few guides for
training individuals how to put into practice many of the useful procedures for increasing
worker health. Peper and Gibney are to be lauded for filling that need. Muscle
Biofeedback at the Computer describes in detail a step-by-step approach for improving
health at the keyboard as well as during any kind of computer use.
Recent advances in ergonomics as well as holistic health or mind-body research are fully
integrated into the concepts and recommendations of every chapter. While other less easy
to follow technical books are aimed at clinical researchers, this manual serves as a model
for translating rigorous science into understandable text. Peper and Gibney succeed in
providing the reader with an easily approachable and useable guide to healthy computing
using muscle biofeedback to monitor, assess and train. For example, each chapter of
Muscle Biofeedback at the Computer systematically presents readers with instructions for
conducting self-monitoring and training in healthful work habits.
Peper and Gibney present to the reader a systems perspective for maintaining health
while working at the computer. They debunk many of the conventional myths
surrounding employee safety and provide scientific and anecdotal evidence that attests to
the efficacy of the concepts they present. Also included are many of the challenges and
concerns for both individuals and corporations who contemplate changes in work styles,
ergonomics or corporate culture. For example, understanding that Administrators might
miss the value of financially supporting a healthy computing program, Peper and Gibney
provide references to address cost concerns and provide evidence that implementing their
program reduces discomfort and costs. They also present many of the challenges that they
have encountered and suggest resolutions for these concerns.
With all seriousness, Peper and Gibney remind the reader to have fun while engaging in
the practices described in this book, such as suggesting that we begin by avoiding
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vi
'rushitis', a phrase they coin to describe always being in a hurry. They encourage the
reader to explore and to step out of the box with ergonomic solutions.
Chapters 7 and 8 will likely be most coveted by entrepreneurs seeking to translate
knowledge into action in the workplace and are worth more than the price of the whole
book. Here Peper and Gibney provide a brilliant template for replicating San Francisco
State University’s award-winning 'Healthy Computing' program in various settings. The
empirical foundations of the suggestions made throughout the section are presented and
the materials necessary for executing a 'Healthy Computing' program are laid out in
sequence and include many samples of handouts.
Muscle Biofeedback at the Computer provides a consistent 'you can do this' message,
where the 'you' is anyone who uses a computer and the 'this' is learning how to optimize
your health while computing. In a clear-cut fashion, Peper and Gibney succeed at
educating as well as entertaining the reader about a topic that would mostly be of interest
to a clinical researcher or specialist. I commend Peper and Gibney for providing us with
an articulate, highly readable and practical guide valuable to anyone interested in
improving the health of people using computers. After reading this book, I am perplexed
as to why ergonomists, physical therapists, stress management consultants and corporate
safety teams are not utilizing these concepts and muscle biofeedback to assess
interventions and train employees.

Rick Harvey, Ph.D.
San Francisco State University
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1. INTRODUCTION
HEALTH WARNING
Use of a keyboard or mouse may be linked to serious injuries or disorders.
When using a computer, as like many activities, you may experience
occasional discomfort in your hands, arms, shoulders, neck or other parts
of your body. However, if you experience symptoms such as persistent or
reoccurring discomfort, pain, throbbing, aching, tingling, numbness,
burning sensation, or stiffness, DO NOT IGNORE THESE WARNING
SIGNS, PROMPTLY SEE A QUALIFIED HEALTH PROFESIONAL…
-- Label on Microsoft® Wireless Comfort Keyboard 1.0A

Important ergonomic information: Some experts believe that using any
mouse or trackball may cause serious injury to hands, wrists, arms, neck
or back. If you feel pain, numbness or weakness in these areas, see a
qualified health professional.
-- Logitech Trackball Users’ Guide
The Information Age
Computer use now permeates modern society, having become a common daily activity,
both at work and at home. Many office workers spend more than 50% of their time on the
computer, with increasing mouse use. Companies are shifting secretarial responsibilities
to managers who often work on laptops at home, in cars and in airplanes. Children are
introduced to computers in grade school, and most colleges and universities require
students to have personal computers. At home we surf the net, play computer games and
send email messages to family, friends and colleagues. Computer use impels us to expand
our technical skills and vocabulary. Our daily language is replete with computer-speak,
such as CD-ROM, the web, down-loading and fatal error. Additional terms that are,
unfortunately, all too familiar are carpal tunnel syndrome, cumulative trauma disorder
and repetitive motion injury. These terms clearly indicate that, amidst all the learning
and skill acquisition of the information age, we have omitted one very important aspect
of computer training: How to work at the computer while maintaining health and
productivity.
 2006 Peper and Hughes Gibney
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A Long History1
Numbness, pain and/or tingling in [my] right arm/elbow after prolonged
use of mouse.
Fatigue, dryness, lessened ability to see far-away objects when I spend
more than 3 hours on the computer.
My neck and shoulders become tense from typing and working the mouse.
Get tired from typing, feeling of pain in [my] hands.
I have a neck pain that continues the next day if I work for many hours.
The above comments are from people who work at computers on an average of three
hours or less per day. In fact, most people who work on a computer report some
discomfort. As Robert Reich, former U.S. Secretary of Labor, stated: “CTDs [cumulative
trauma disorders now labeled repetitive motion injury] are the occupational hazard of the
information age.” Work related and repetitive strain injuries are not unique to computer
use or the information age. Writing about occupational injuries of the hand, Falkenberg
and Schultz (1993) quote from an Italian physician, Dr. Ramazzini in 1780, about what
used to be called Cotton Twister’s Hand, Gamekeeper’s Thumb, and Stitcher’s Wrist:
“Various and manifold is the harvest of diseases reaped by certain workers from the
trades that they pursue. All the profit that they get is fatal injury to their health.”
Physicians in the 1800s described tingling and numbness in the hands and fingers
variably as cramps: Milkmaid Cramps, Musician’s Cramps, Seamstress’s and
Shoemaker’s Cramps, and Writer’s Cramps. Safety and industrial engineering began in
the 1900’s as a way to improve productivity and efficiency; practitioners were often titled
‘efficiency experts’ (Dwyer, 1992). During WWII the term ‘human factors expert’
entered the lexicon to refer to what would today be called ergonomists.
During the 1970’s the Occupational Safety and Health Administration (OSHA) was
formed by the U.S. Department of Labor to evaluate the risk to employees of workplace
injury. In 1981, legislation was passed regarding employee safety and in 1994,
Repetitive Strain Injury was recognized as one of the leading occupational hazards in the
workplace (Dodd, 1995). Many governments now require implementation of company
programs aimed toward preventing computer-related disorders (CRD).

Defining a Complex Problem
The long and evolving history of addressing work-related injuries has failed to
eliminate the problem; increasing numbers of employees report discomfort while working
at the computer. Although the individual experience of computer-related disorders is
1

We thank Richard Harvey, Ph.D. for gathering the historical materials.
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unique, the symptoms are universally felt, albeit to varying degrees. The symptoms
associated with CRD usually appear in clusters and range from slight tension in the neck
and shoulders to debilitating pain associated with carpal tunnel syndrome to
neurological/neurovascular symptoms, such as burning and tingling. CRD is not limited
to the upper limbs; workers often report eye discomfort, cold hands, exhaustion, or even
low back and leg pain. The experience of discomfort associated with working at the
computer is very high. In a survey by Peper and Gibney (1999) over 97.8 % of the
respondents reported some discomfort while working on the average about 2.7 hours a
day at the computer, as is shown in Figure 1-1.
D IS C O MFO R T IN T E N S IT Y R AT IN G FO R E AC H
B O D Y LO C AT IO N (N = 1 97 )

Percentage of subjects

100

80

60

s e v e re 7 ,8 ,9
m o d e ra te 4 ,5 ,6

40

s o m e 1 ,2 ,3
none 0

20

Legs

Arms

H ead

hands

W rist and

Eyes

Tiredness

B ack

N eck and

Shoulders

0

Fig 1-1. Distribution of discomfort for different body areas. Categories
none, some, moderate, severe are derived from the responses on the selfrating discomfort scale (0=none to 9=severe).

Paradoxically, in group data discomfort is not correlated significantly to hours worked.
However, symptoms are significantly correlated with each other as shown in Table 1-1.
This data indicated that, for groups, there is no correlation; some people can work 8 hours
without discomfort while others experience discomfort within an hour. An individual’s
susceptibility depends upon numerous factors (e.g., exhaustion, ergonomics, selfawareness). However, for each individual there appears to be a correlation between the
hours worked and his/her experience of stress; the more hours worked combined with
emotional stress increases the occurrence of discomfort.
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Height

1.00

Hours worked

0.07

1.00

%mouse use

0.02

0.26

1.00

Eyes

-0.21

0.14

0.10

1.00

Head, neck & shoulders

-0.20

0.12

0.11

0.61

1.00

Arms, wrists & hands

-0.08

0.11

0.08

0.33

0.57

1.00

Back

-0.11

0.07

0.06

0.35

0.57

0.62

1.00

Tiredness

-0.15

0.17

-0.03

0.43

0.47

0.43

0.51

Tiredness

Back

Arms, wrists
& hands

Head, neck &
shoulders

Eyes

%mouse
use

Hours
worked
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Height

4

1.00

Table 1-1. Correlation table. Note that, for the 189 subjects (mean age
26.3), there is no significant correlation between the experience of
discomfort and hours worked.

Myth:
Computer-related disorders are a result of repetitive motions.
Fact:
While the amount of keyboard/mouse use can contribute to the risk of
injury, it is only one of many factors. Absence of breaks and movement,
poor ergonomic setup, awkward posture while working, stress at home
and at work, excessive physiological reactivity, and dysponesis
(unnecessary muscle tension), especially in the neck and shoulders -- all
interact to form a profile of a person at risk.
One of the more recent descriptors for computer-related pain and discomfort is repetitive
motion injury (RMI). This specific terminology, as well other terms such as repetitive
strain injury (RSI), overuse syndrome (OS), or cumulative trauma disorder (CTD), imply
that the symptoms are caused by repeating the same motion too many times.
Yet, repeating a motion many times by itself does not induce injury. Just think of
walking. Some people walk mile after mile, repeating the same leg and arm motion,
without injury. In fact, they improve their fitness the more they walk. With training they
can walk, walk and walk. However, if their shoes do not fit or they are angry with their
hiking partner, and then have to hike another five miles, blisters, leg cramps, knee and
hip pain, and even a headache may occur. The repetitive motion of the legs and feet may
aggravate the symptoms during walking; however, many other factors contribute to the
symptoms cluster. The repetitive movement may only be the ‘straw that breaks the
camel’s back.’
Repetitive computer work and faulty ergonomics cannot, therefore, be the exclusive
cause of symptoms. Perhaps a much broader approach to this set of symptoms can be
 2006 Peper and Hughes Gibney

INTRODUCTION

5

described as the stress immobilization syndrome (SIS). Lack of movement is one of
the underlying risks associated with computer use. Immobility coupled with low level
chronic tension reduces blood blow and venous return. (For more detailed description
see: Week 1 Handout: Prevent Computer Related Symptoms with Micro-breaks: A
Biofeedback Derived Systems Approach, pp 183-187). Chronic static efforts, so
commonly observed as people perform concentrated computer tasks, combined with
personal and work stress increases the risk of discomfort. Personal desire for excellence,
challenges over job security and performance, social demands and conflicts amplified by
greater work and family demands, escalates sympathetic arousal. Consequently, the
ongoing stress and immobility creates an injurious formula for dis-ease and lower
productivity. SIS interferes with the natural restorative process that consists of periodic
alternations between muscle tightening and release, work and rest, expenditure of energy
and regeneration. Thus, the nomenclature implying that the discomfort and pain
associated with working at a computer is solely caused by repetitive motions is inaccurate
and incomplete. To avoid this incorrect causal linkage, throughout this book we will use
the term computer-related disorder (CRD) to describe the symptoms cluster.

Confusion Persists
Individuals and organizations spend countless hours and millions of dollars learning to
use computers and software programs. Yet, they neglect training in how to work
productively and creatively while maintaining health. As a result, most people who work
on computers report discomfort, which in some cases can progress to seriously disabling
conditions. Despite evidence that the cause of CRD is not just repetitive motions or poor
ergonomics, the resulting illness will usually be labeled repetitive motion injury.
Employees and industry tend to treat these injuries with a simple fix—after the onset of
discomfort—and are confused about what measures to take. Familiar comments and
questions are:
Do I need to change my mouse for a trackball? Will that change the
tightness in my right shoulder?
I thought people got repetitive motion injury who did the same motion the
whole day long. How come I hurt and I work only a few hours a day
at the computer?
How can I continue to work without feeling neck tension?
It must be the chair. For the last couple of weeks I have been getting a
stiff back when working at the computer.
I need a different keyboard. What about the “ergonomic” keyboard I see
at the office supply store?
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I have heard that using a wrist rest will completely eliminate the tingling
feelings I have in my hands and arms.
Every one in my office is getting a new computer station; I wonder if I
really need one?
I just wish my desk was lower; I think my shoulders wouldn’t get so tired.

Many have found that ergonomic changes, although beneficial, do not provide all the
answers. Employees may continue to feel discomfort while working in the ‘perfect’
ergonomic set up. Others have decreased their workload, yet continue to report muscle
pain. With such a complex issue, what is the best answer?
Experts commonly offer recommendations on ergonomics2 and changing work style to
prevent and ameliorate discomfort. On the one hand, ergonomists may tend to perceive
the problem mechanically. They suggest changes in keyboard, mouse or chair without
realizing that an individual could sit correctly while maintaining excessive tension. To
simply attempt to prevent or cure CRD with ergonomic adjustments, such as getting
every one a new, ergonomically designed chair, is NOT always wise. There is NO single
right chair for everyone (think about your own comfort level during a long trip in the onesize-fits-all airplane seat). On the other hand, stress management specialists and
psychologists promote strategies to reduce work stress without knowing whether the
trainee had actual physiological mastery of the skills.
These approaches alone are insufficient to prevent and reduce CRD. They lack the
rudiments of healthy computing: a systems perspective, the mind/body link, and the
ability to measure the effectiveness of the interventions. A systems perspective regards
injury as resulting from the interaction of many factors all embedded and part of a larger
system. In a system, every part affects and is affected by every other part. Developing
somatic awareness is essential to preventing injury. For example, the keyboard may be
replaced, but does the individual know that she raises and tightens her shoulders each
time she begins to type? The ability to determine the effectiveness of the intervention is
crucial to preventing injury. Is the muscle tension less with the new chair? Is the
employee really calm internally or has he just developed a calm exterior?

Lack of Awareness
From our observations, whether on-site in a corporate setting, in clinical practice or in
research, it was obvious that an individual could be in the ‘optimum ergonomic position’
and still be tense. Dysponesis (inappropriate muscle tension) and excessive sympathetic
arousal was evident in many individuals. When typing, individuals usually raised their
shoulders and breathed more shallowly and quickly, as shown in Figure 1-2 (Peper, et al,
1994). There was a uniform lack of awareness of these patterns. Similarly, a person could
take a short break to relax yet, while appearing relaxed from the outside, he or she
2

Greek: Ergon (work), Nomos (law)
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maintained muscle tension and remained anxious and vigilant. Each person, upon
receiving feedback, expressed surprise with his or her psychophysiological patterns. This
confirmed that missing were self-awareness and skills to reduce bracing while promoting
regeneration (Shumay and Peper, 1997).

RELAX

TYPING

RELAX

Chest
Abdomen

Forearm
Neck and shulders

DJ 12/10/97

Figure 1-2. Common physiological patterns during 5 minutes of typing at
the computer. Note the increased neck and shoulder tension during
typing, of which the subject is totally unaware. In addition, the
respiration rate increased during typing as is shown by the chest and
abdomen tracings. (The upward tracing represents inhalation and the
downward tracing exhalation.)
Without awareness, the increased tension or compensation to small ergonomic
adjustments may not be sensed. This was clearly demonstrated by Shumay and Peper
(1995) who monitored subjects’ surface electromyographic (sEMG) activity from
trapezius, deltoid and forearm (flexor/extensor) muscles while working at the computer.
In this study, the keyboard was moved forward and back, and subjects rated tension
levels in each position. There was no significant correlation between subjective
shoulder tension awareness and the trapezius and deltoid sEMG. That is, with each
incremental shift in the position of the keyboard, the subjects’ rating of tension did not
correspond to the objective sEMG activity. Hence, most individuals cannot be relied
upon to reduce muscle tension, regardless of optimum ergonomic set-up.
A representative subject’s physiological recording with subjective ratings is shown in
Figure 1-3 (Peper, Harvey, and Shumay, 1997).
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DELTOID

100
80
60
V

4
3

4

4
3

40
20
0

5
4
3
2
1
0

1

Subj.
Rating

2
3
4
5
Keyboard Position

Figure 1-3. Mean sEMG of a subject with poor awareness of muscle
tension during typing. Note the absence of correlation between sEMG
activity and subjective rating (0=most relaxed, 5=most tense).

Without sufficient awareness, individuals may unknowingly engage in dysponetic
patterns when carrying out tasks and cannot recognize and release small increases in
muscle tension. For example, a trainee sitting on a chair at the computer may be unaware
that his shoulders are slightly tensed until he is reminded to drop his shoulders as shown
in Figure 1-4.

SITTING IN CHAIR

LEAN BACK AND RELAX
Thorax

Abdomen

sEMG (Scalene/trapezius)

DJ 2-2 8/11/97

Figure 1-4. Lack of neck and shoulder awareness by trainee while sitting.
Only after trainee was reminded to lean back against the chair did his
neck and shoulder sEMG (Scalene/trapezius) decrease.
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This implies that trainees may not be able to take beneficial steps to prevent discomfort.
Similarly, when trainees are asked to tense a muscle or lift an arm, they may not let go
when they relax or drop the arm down as shown in Figure 1-5. This lack of awareness
would mean that, if the trainee were to do a certain exercise, his muscles might not relax
afterwards and, thus, will not have an opportunity to regenerate. In such cases, certain
exercises are contra-indicated.

L ift elb o w

L eft T rap ez iu s

L eft D eltoid

R elax

L ift elb ow

R elax

L eft T rap eziu s

L eft D eltoid

Figure 1-5. sEMG recording of the left upper trapezius and deltoid.
Trainee was asked to lift his elbow upward and then relax. Note that
before biofeedback training the left-upper trapezius did not relax until the
trainee was reminded to let go. The trainee increased his awareness and
could relax instantly after muscle biofeedback (sEMG) training.

The ability to sense and release muscle tension has been linked to clinical success in a 10year follow-up study by Whatmore & Kohli (1974), who observed that subjects who were
trained to recognize and release minimal levels of muscle tension continued to benefit
from this awareness.
These above cited research studies strongly support individual training with biofeedback
to quickly recognize and release small increases in tension and to learn appropriate
work/rest patterns. The data suggest that healthy computing depends upon an
understanding and implementation of a systems perspective, which incorporates the
mind/body link, and includes an objective and accurate measurement of skill mastery.

2006 Peper and Hughes Gibney

10 MUSCLE BIOFEEDBACK AT THE COMPUTER

 2006 Peper and Hughes Gibney

11

2. GETTING THE MOST OUT OF THIS BOOK
To reduce the risk for computer-related disorders (CRD), every employee
who works at a computer should be trained in healthy computing habits
just as they are trained in mastering software.
--Peper, E., Tibbetts, V., Shumay, D. & Harvey, R.H., (1996)

Simple and Objective
The purpose of this manual is to teach how to use a small, portable electromyograph
(EMG) within the stress immobilization syndrome (SIS) concept. The aim is to promote
healthy computing and prevent discomfort and injury while maintaining productivity and
creativity. The use of the portable EMG for monitoring and feedback takes the guesswork
out of prevention and remediation. It helps individuals to observe their work patterns,
develop self-awareness, and gain mastery of healthy work habits. It also provides clear
feedback for optimal ergonomic set-up. Chapter 3 – Systems Perspective to Healthy
Computing offers a conceptual framework that underlies CRD. Specific interventions are
described in Chapter 6 – Putting It All Together and Chapter 7 – Taking It to the Work
Place. A systems approach, that incorporates the mind/body link, is the essence of
healthy computing. This entails sequential practices that include physiological
monitoring complemented with individual and group training to enhance health,
productivity and creativity while working at the computer.
This book provides guidelines on how to use a portable EMG to encourage health and
productivity while working at the computer. Chapter 4 – Surface EMG for Healthy
Computing provides background information on recording electromyography and factors
that effect the recording. Practices included in Chapter 5 – sEMG Monitoring and
Feedback Practices are designed specifically to integrate the use of an EMG into a
Healthy Computing Program. Although sometimes overlapping, these practices consist of
separate exercises to demonstrate the use of sEMG. Monitoring is done from various
locations, such as forearm flexor/extensor muscles or trapezius and scalene muscles. The
general intent is to develop awareness of muscle tension and learn how to relax muscles
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instantaneously and work efficiently without tension.
include:











Concepts in these practices

Recording, including electrode placement, gain and band-pass filter options
Training in somatic awareness
Experiencing the effect of emotions, thoughts and images on physiology
Identifying covert muscle tension (dysponesis)
Scanning to identify excessive muscle bracing
Performing a physiological assessment at the computer
Teaching regeneration and relaxation
Identifying optimum ergonomic positions
Training in healthy work-style
Collecting data

Biofeedback can:






Take the guesswork out of ergonomics
by identifying the optimum ergonomic
positions for each individual.
Provide an insight into how individuals
use their muscles, and distinguish
inappropriate muscle tension.
Assist individuals in developing
mind/body awareness, thus preventing
unhealthy work patterns.
Facilitate training in regeneration and
relaxation techniques by providing
markers for skill mastery.
Help individuals listen to their bodies.

In other words, physiological feedback and monitoring with Healthy Computing training
bridges the chasm between external performance and internal awareness by providing an
effective tool to facilitate self-awareness and measure the efficacy of intervention. It is a
psychophysiological mirror.
The combined sEMG practices include instruction in five of the eight components of
healthy computing (work style, ergonomics, somatic awareness, stress management and
regeneration) and incorporate a systems perspective in assessment and training. The
remaining three components (vision care, stretching/strengthening/movement, and
positive work setting) are covered in the individual and group training strategies in
Chapter 6 – Putting It All Together.
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Self-Mastery and Taking it to the Workplace
Self-awareness and skill mastery are the essential ingredients to achieve health while
computing. Thus, we recommend that you personally follow the protocols and practice
with the portable electromyograph. First skim the whole workbook. Then, do the sEMG
practices to develop self-mastery. Be sure to achieve self-mastery before training others.
Finally, integrate the systems perspective with the sEMG monitoring as outlined in
Chapter 6 – Putting It All Together. Instructions on how to train employees to optimize
health at the computer using a structured seven week training program are detailed in
Chapter 7 – Taking It to the Workplace. This is the basis of the award-winning program
utilized at San Francisco State University to reduce Workers’ Compensation costs and
injuries.

Challenges
There are many challenges to training employees, especially in the workplace while coworkers and supervisors are watching. Chapter 8 – Challenges shares with you some of
the most common challenges that we and our coaches have encountered. Along with
each challenge are suggested remedies.

Illustrations
Although the portable EMG provides auditory and visual feedback, it does not provide
graphic readouts. Included in this book are many graphs that illustrate what may occur
during the practices.

Reference Materials and Trainee Education
Chapter 9 – Resources contains a glossary of terms, suggested resources and readings,
selected internet sites and articles, and references. The glossary defines various technical
terms, while the suggested resources and readings point you to helpful sources (books
and software) that offer in-depth and background information and practices.
Many of the practices contain handout materials and homework or log sheets. We
encourage you to copy and use them for your own exploration and for working with
trainees.

2006 Peper and Hughes Gibney

14 MUSCLE BIOFEEDBACK AT THE COMPUTER

 2006 Peper and Hughes Gibney

15

3. SYSTEMS PERSPECTIVE TO HEALTHY COMPUTING
“Approximately 3-fold increased risk for neck and shoulder pain was
found for those experiencing a ‘poor’ as compared with those
experiencing a ‘good’ psychological work environment.”
--Linton & Kamwendo, 1989

A systems perspective recognizes the dynamic interplay between the eight components of
healthy computing and individual predisposing factors. Healthy computing depends
upon optimizing these eight components that prevent computer-related disorders and
contribute to health. Thus, by mastering these components we are freed to use computers
without developing discomfort.

Eight Components of Healthy Computing
1.
2.
3.
4.
5.
6.
7.
8.

Work Style
Ergonomics
Somatic Awareness
Stress Management
Regeneration
Vision Care
Fitness
Positive work setting

Although these eight components are the basis for training in healthy computing, it is
important to note that other factors may contribute to work site injury (e.g., genetic
predisposition, previous illnesses, exhaustion, or injuries).
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A Systems Perspective for Overall Health
The above components and contributing factors are important for maintaining overall
health—not just health at the workplace—and can be applied in daily activities. The
following descriptions of the components and contributing factors within a systems
perspective are illustrated by the analogy of walking.
1. Work Style – Develop work habits that help you to maintain health and avoid injury,
such as taking breaks and pacing your workload.
Work Style describes the way you proceed with walking. Do you pace yourself so that
you can finish your walk without exhaustion? Do you stop to take a breather? Do
you relax your leg muscles as you shift from side to side, getting into the rhythm of
walking?
2. Ergonomics – Adjust your workspace and equipment to suit your individual needs.
Ergonomics describes your shoes. Are they appropriate for the type of walk you are
embarking upon? (Ever try jogging in high heels?) Do they fit comfortably so as to
avoid blisters and chafing?
3. Somatic Awareness – The ability to sense muscle tension and reactivity, and the
skills to let go physically, mentally and emotionally.
Somatic Awareness is listening to your body and following your inner voice. Do you
stop to drink water when you are thirsty? If your heart is racing, do you slow down?
When you feel warmth in your feet, do you stop to change socks to avoid a blister?
4. Stress Management – Learn how to handle life’s compulsory stresses effectively—
whether at work or home—in a way that does not adversely affect your health (e.g.,
reframing events, communicating our needs, etc.). Work stress can include having
too much responsibility with too little control, poor social support and/or conflicts
with coworkers or supervisors, a heavy workload, and/or being bored with your job.
Stress Management is taking care of situations as they arise and not forcing yourself
to do too much or getting bored from doing too little. Do you tell your walking
companions that an advanced trail is too difficult for you, or that the slow pace is not
challenging? Do you let them know that you would prefer to listen quietly to nature
as you walk rather than talk during the entire trek?
5. Regeneration – Allow your body to rebuild its storehouse of energy before becoming
exhausted, thus preventing burnout and ill health.
Regeneration is allowing your body to rest and not pushing yourself to the point of
exhaustion. Do you stop when you feel like you’re getting tired, before you become
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exhausted? Do you give your body time to recuperate after having stressed it with a
vigorous walk?
6. Vision Care – Protect your eyes from excessive strain and dryness (e.g., vision
breaks, glare reduction, screen in focus), and wear prescription glasses that are
appropriate for computer use.
Vision Care includes exercising your eyes and wearing appropriate eyewear. Do
you alternate between looking at distant and close objects? Do you wear sunglasses
when walking in the bright daylight? Do you wear a visor to protect your eyes from
glare? Do you stumble on the rocky path because you need prescription glasses?
7. Fitness – Keep fit to avoid injury during the daily athletic event of working at the
computer by including stretching, strengthening and movement in your workday
regimen.
Fitness incorporates stretching, strengthening and movement practices. Do you
warm up slowly as you begin your walk? Do you gently stretch after you are done?
Do you exercise during the week when you can’t go on hikes?
8. Positive work setting – Social support reduces arousal, ameliorates stress and
increases performance.
Do you have a group of friends with whom you walk? When you are not motivated do
your friends encourage you to exercise? Do you give each other support to achieve
your fitness goals?

Other Contributing Factors
Other factors can contribute to your ability to maintain health and productivity at the
computer, such as genetic predisposition and predisposing state. Genetic predisposition
may come into play if you are not suited for the job. For example, some of us are like
Belgian plow horses capable of working steadily with stamina; others are like Arabian
racehorses, capable of working in quick bursts of speed. Self-knowledge of your
predisposition can help in selecting an appropriate job.
Genetic Predisposition would contribute to your ability to participate in a
walk. For example, if you have a spinal deformity, you may not be able to
walk long distances. Or, if you are short (e.g., 5’ 1”) you may not be able to
keep pace with someone who is 6’ 2”.
Some of us are already exhausted with chronically tender trigger points. This
predisposing state of exhaustion may hinder our performance as well as put us at risk of
injury. When you are in such a state of exhaustion almost anything can trigger symptoms
of CRD.

 2006 Peper and Hughes Gibney

18 MUSCLE BIOFEEDBACK AT THE COMPUTER

Predisposing State can interfere with your ability to perform at your peak.
For example, you may have been up all night with a sick child, and begin your
walk exhausted. Or you may have been working 60 hours a week and have
had no exercise for a month.
Optimizing the eight components and being aware of your innate capabilities will help
you to maintain overall health, reduce the risk of injury, and perform creatively at your
peak in all activities.

The Straw That Breaks the Camel’s Back
How can some people work for long periods in unhealthful settings while others quickly
break down? A useful model to explain both breakdown and maintenance of health was
developed by Dr. Peter Nixon, a British cardiologist (Nixon and King, 1997). He
explored why some cardiac patients make remarkable recoveries and are healthier,
happier, and more efficient in living while others keep themselves ill with excessive
effort. From these clinical observations, as well as a study of soldiers under stress, he
developed the Human Function Curve (see Figure 3-1), which illustrates the dynamic
interactions of health, injury and recovery (Nixon, 1989).

Figure 3-1. The Human Function Curve: A performance-arousal curve
used as a model for a systems or biopsychosocial approach to clinical
problems. P = point of instability where very little extra arousal is
required to produce breakdown (Nixon, 1989).
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The dynamic process of excitation and regeneration is illustrated by The Human Function
Curve. Health is the continuous alternation between expending energy and restoration
and growth. This is observed during the waking/sleep cycle, inhaling and exhaling in
breathing, and systole and diastole in the phases of heart contraction. When arousal is
low, the body regenerates (anabolic processes). When arousal is high, the body
cannibalizes itself in order to perform (catabolic processes).
This curve shows how performance is related to arousal. Many have experienced this
performance curve in sports, music or work. For example, in sports, if our arousal is too
low, we are “flat,” while when it is too high, “we are jacked up and lose control.”
Imagine playing the violin and being so nervous that you are shaking. Or, think of giving
a speech and being so anxious you could not remember what to say. Excessive
stimulation produces cognitive, emotional, behavioral and physiological consequences.
For example, worrying about your job, conflict with your spouse, or concern about your
children may increase your arousal and affect your health and sleep. Chronic worrying
may cause insomnia or even an increase in blood pressure. Our bodies generally respond
to these stimuli by triggering components of the alarm reaction (fight or flight) with a
shift to thoracic breathing.
Only when we are at an appropriate arousal level for the situation and have an
opportunity to regenerate do we perform well. Every performance has an optimum level
of arousal. Not even sleep escapes this rule. If our arousal is too low we go into a coma
and die; if our arousal is too high, we experience insomnia. When we operate
predominantly at our peak performance without episodic regenerative breaks and/or at
chronic high arousal levels, breakdown and illness may occur. This high arousal shifts us
into the catabolic state. Similarly, we can shift to the anabolic state to promote
regeneration and health by lowering our level of arousal. This anabolic state is usually
induced with relaxation and it implies mental and emotional tranquility. These different
anabolic and catabolic processes are shown in Table 3-1.
Catabolic hormones increase
Cortisol
Epinephrine
Glucagon
Growth hormone
Antidiuretic hormone
Renin
Angiotensin
Aldosterone
Erythropoietin
Thyroxine
Parathormone
Melatonin

Anabolic hormones decrease
Insulin
Calcitonin
Testoterone
Estrogen
Prolactin
Luteinizing hormone
Follicle stimulating hormone
Gondatropin release hormone (GnRH)
Prolactin releasing hormone (PRH)

Table 3-1: Hormonal pattern during arousal
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Anabolic and Catabolic States
Anabolic State
 Increased synthesis of protein, fat, carbohydrate (growth, energy storage)
 Decreased breakdown of protein, fat, carbohydrate (growth, energy storage)
 Increased production of cells for immune system (white blood cells of thymus and
bone marrow)
 Increased bone repair and growth
 Increase in sexual processes (cellular, hormonal, and psychological)
Catabolic State
 Halt in synthesis of protein, fat, and carbohydrate
 Increased breakdown of protein, free fatty acids, low density lipoprotein,
cholesterol for energy
 Increased production of red blood cells and liver enzymes for energy
 Decreased repair and replacement of bone
 Decreased repair and replacement of cells with normally high turnover (gut, skin,
etc.)
 Decreased production of cells for immune system (thymus shrinks, circulating
white cells decrease)
 Decreased sexual processes
 Increased blood pressure, cardiac output
 Increased salt and water retention
From: Nixon, P.G.F. (1989). Human functions and the heart. In
Seedhouse, D. and Cribb, A. (eds). Changing Ideas in Health Care. New
York: John Wiley & Sons.
The general height of the curve, allowing the best performance, depends upon genetics
and how we have used ourselves. Some people are born with a lower curve and quickly
go over the top into exhaustion, while others are born with a very high curve and take a
long time to go over the top. At the same time, the height is an interactive phenomenon.
If people take care of themselves, and enjoy the appropriate development and training,
the height of the curve can be expected to increase. On the other hand, neglect and selfdestructive behavior can be expected to reduce it. Using a basketball player as an
analogy, genetics contributes significantly to height development, especially if
appropriate nourishment was received.
However, even someone with genetic
predisposition for tallness would be shorter if he had been physically and emotionally
malnourished as a child
This curve can also be seen as a representation of a life-long pattern. Where on this curve
do you tend to live? In early childhood, we are predominantly on the anabolic side with
higher sleep needs and rapid growth. As we get older, we take on more responsibilities.
Although we may develop more coping skills, we often do not shed responsibilities.
Hence, we may push to increase performance by working longer and harder instead of
smarter. We may work later at the office, use caffeine and other stimulants to increase
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performance, and continue this stressful pattern day after day after day. When working
too long in an aroused state, our system gets exhausted and eventually breaks down.
The questions in Table 3-2 can help you ascertain if you are on this downward slope of
the Human Function Curve (developed by Peter Nixon and Jenny King, 1997).
AM I ON THE DOWNSLOPE?*
Because too much is demanded of me?
Because I cannot say ‘no’ when I should?
Because I am not sufficiently in control? Can’t cope?
--Too angry, too tense, too upset, too irritable, too indignant?
--Too much people-poisoning?
--Too many time-pressures? Too impatient?
Because I am not sleeping WELL enough to keep well?
Because I am not keeping fit enough to stay well?
Because I am not balancing the periods of hard effort with
adequate sleep and relaxation?
Because I am out of real energy and using sheer willpower to keep
going?
Because I am infallible, indispensable, indestructible, and/or
immortal?

THE PROTESTING BODY
What is it trying to say? Am I listening?
Why is it protesting?
What makes it protest each time? And why so often?
Am I working to make it stronger or am I too upset with myself to
succeed?
Am I looking for a drug/operation to keep it quiet?
*Reprinted by permission and adapted from Nixon and King, 1997
Table 3-2. The Human Function Curve Questionnaire.
To improve health and increase the capacity for work, we must integrate a model of work
hardening into our life pattern. This process is a skill development model in which you
learn new skills to cope more effectively and then push yourself to perform for a short
period. Periods of stress need to be followed by periods of rest to integrate and
regenerate. For example, when beginning to jog, you jog a few blocks and then the next
day you walk. Slowly and surely over time you increase the jogging time. Increasing
exercise too rapidly and too frequently, often results in injuries (perhaps it is nature’s way
to induce the anabolic state). In these alternating work/rest cycles the system is
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challenged to perform at a higher level and has enough time to build the structures and
skills necessary to perform at the higher level.
Health consists of working intensely and then balancing it with regeneration. However, it
is challenging to quiet the mind of the numerous remonstrances, such as “I should”, “I
must”, “I have to”, and “if only”, as well as self-blame. Regeneration occurs when both
the mind and body are quiet. Sometimes, the answer is to take a vacation. However, a
week long vacation may not be sufficient to regenerate after a year of exhaustion and
depletion. Such a vacation is similar to a single downpour after a year of drought. This
would not solve the water deficit. Instead, a slow, long drizzle and periodic rain would
moisturize the ground so that plant growth can occur.
As you are working at the computer, ask yourself:
 Where on this Human Function Curve am I located?
 Am I working continuously without rest, leading to burn out?
 Am I challenging myself continuously?
 What do I do to regenerate?
Use the concepts from the Peter Nixon’s Human Function Curve to organize your work
style to promote alternations between excitation and regeneration (work/rest).

Observing the Link between Habits and Health
The following two vignettes illustrate the link between the Eight Components of Healthy
computing and Peter Nixon’s Human Function Curve and the affects on our health.
Vignette 1:
I look up at the clock; it is 2:15 p.m. I have less than three hours to finish
writing the report. Can I really summarize all of it in six pages? I am no
longer sure. But my boss must have the report--my job is on the line. I have
been here since six-thirty this morning. My eyes are blurry. I keep tucking
my feet on the chair pedestal to anchor myself in.
Let’s focus back on the task... I look up it is 3:25 p.m. I sip some cold coffee
to get me through this final stretch.
Where was I? I look to the left to see the monitor and my neck aches. One
day, when I have the time, I’ll rearrange my desk so that I can look straight
ahead. I reach forward and to the side to grab the mouse and feel my arm
and hand ache as I continue to edit the text. I bring my hands back to the
keyboard and rest my wrists on the wrist pad, lifting my fingers up so I don’t
press down on the keys. (How do they expect me to have straight wrists using
this wrist pad??) I wonder why resting my wrists as I work hasn’t helped the
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pain? I extend my wrists and fingers as I type another correction, telling
myself to ignore the pain…I’ve got to get this done.
“What was that?” I ask myself as I jump at a sound and look over my left
shoulder behind me to see if anyone entered my cubicle.... No it was just some
noise; not my boss checking how the report is going. I go back to my
manuscript...
My shoulders feel tight, especially between my spinal column and right
shoulder blade. It seems that the more I reach over my keyboard to use the
mouse (my keyboard tray is too narrow for both keyboard and mouse) the
more I hurt by the end of the day.
I go back to editing. The letters on the monitor screen compete with the
reflection of the overhead fluorescent light; it is like a watermark on paper-my eyes and brain are tired.
Let me finish my third cup of coffee... I already started today tired... My
partner was angry that, once again, I had to go in early. Who was going to
take Michael and Joan to the school bus stop? I had rushed out before it was
resolved...
“Darn, I don’t have all the data. I’d better call Martin.” As I dial the phone
I tuck it between my left shoulder and ear, hurriedly typing away. “Martin, I
need the summary findings from last month’s business meeting to include in
the report. Do you have them?...Great! Can you read the findings while I
enter them in the computer? Thanks.” So, I rapidly enter the findings as I
listen with the phone cradled between my shoulder and ear. Someday, when I
have time I’ll get a headset.
Well, the report got done. I feel emotionally and physically fried. I wish I had
taken time to eat lunch. I have a slight headache and the road signs are hard
to read. I keep noticing the slight aching between my shoulder blades. It is
just not going away. I guess I need an aspirin-- a massage sounds heavenly.
Yet, when I get home I will need to supervise Michael and Joan’s homework...
Oh, I better get some food for tomorrow’s dinner--it is my turn to cook...
Vignette 2:
I walk into the office a few minutes early and water my two spider plants and
peace lily. I’m glad that I brought them; they cheer up the office. The green
reminds me of my summer vacation in Deer Harbor, Maine. I had woken up
early, had my yogurt and fruit drink and my favorite coffee. I turn on the
laser printer in the small room next door and I walk back to my workstation.
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Luckily, I can look out and see through the small window on my left the two
large Monterey Pines just reaching to the sky.
Here we go again. As I start entering the purchase orders, once again, I
silently thank Luciano, my office partner. His creative solution of clamping a
wider and deeper wooden plank to the narrow keyboard tray has been a
saving grace. Now I can use the mouse without reaching.
Ring, ring,...I put on my headset and lift the receiver from the hook. “Hello,
purchasing.” “Oh, yes, let me look this up, one moment please.” I click on
the June 6th icon and open the file. While the computer accesses the file, I
drop my hands to my lap and relax my shoulders.
There we are. “Yes, it was ordered from Indol Engineering on June 2nd. I
expect that it will be here in another 10 days.” ... “If you have any problems
just call. Bye.”
Back to entering the other purchase orders. I clip the form on the document
holder next to the monitor and I enter the data. After each purchase order, I
shake my hands and drop them on my lap and for one or two seconds and look
out at the Monterey Pines through the window.
After I click the print icon for batch printing of the ten purchase orders, I walk
over to the printer, jiggle my shoulders to relax them and pick up the printed
forms.
Before I sit down, I check my chair. I pull the lever to slightly raise the it to
adjust to my higher desk. I roll the chair to my slanted desk and sign the
printed forms.
Even though it is the end of the quarter and the purchase orders are piling up,
I decide to still take my lunch break. I take a short walk with Mary. Then
when I came back, I put my nose to the grindstone, yet every half-hour I get up
to move. I have learned that I will not be able to continue unless I nurture
and take care of myself while working.
It is four o’clock. I stop data entry, look at the pile of orders still to be
processed. I call Margaret, my supervisor. I tell her that I can not finish it by
five. She says, “Do you think you could work until seven to finish it?” I look
at the stack and answer, “Yes”. “Why don’t you work till seven and take the
time off next week.” I agree and for a moment I am already fantasizing
staying in bed Friday morning with my partner who is free in the early
mornings.
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I reach to the phone, dial my number and let my partner know that I will be
two hours late. Luckily, I can take time off Friday. Even though I still have
two more hours of work I feel alive...
These two vignettes describe different work styles and experiences that impact the health
of the individual. The employee in the first vignette is much more at risk for developing
illness. This individual’s dysfunctional work style, poor ergonomic setup, and work and
home stress conjointly contribute to injury. The exhaustion and shoulder blade discomfort
are NOT just the result of repetitive motions or using the mouse; they are the combined
result of all the factors that impact the system. This employee consistently is operating in
a catabolic state. Yet, should she file a workers’ compensation claim, it would most likely
be labeled a repetitive motion injury. On the other hand, the employee in the second
vignette, by practicing the eight components of healthy computing, tends to stay more in
the anabolic state, and thereby encourages regeneration.
Analyze your day. Ask yourself which vignette sounds most like you. If you are closer
to the first, then begin incorporating the eight components right away. Your health
depends upon it.
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4. SURFACE EMG FOR HEALTHY COMPUTING
A device useful for Healthy Computing practices is a stand-alone, single-channel,
portable electromyograph (EMG) that has an amplifier at the electrode site, and offers
visual and auditory feedback. Its compactness, ease of use and hardiness at the work-site
makes it an ideal unit for monitoring and self-training. This section gives a series of
specific practices that can be done either with clients or by you. We recommend that you
integrate all the practices after you have mastered them individually.
Although the practices will work with most people, it is important to ascertain, prior to
commencement of training, the level of experience and self-awareness of each individual
and adjust the training accordingly. For example, someone who is trained in Progressive
Relaxation may not have dysponetic patterns. Thus, the practices pertaining to dysponesis
may be skipped.
A familiarity with the foundations of electromyography and muscle kinesiology is
essential to understand the purpose of the practices, to interpret the feedback, and to
provide quality training. Although a few of the concepts are described below, if you have
no training in biofeedback, we recommend that you learn the basics prior to using the
electromyograph. An excellent resource that provides a detailed background on surface
electromyography, as well as specific descriptions and illustrations for accurate electrode
placement is Introduction to Surface Electromyography by Cram, J. R., Kasman, G.S. &
Holtz, J. (1998). An excellent text, which discusses the limitations and advantages of
sEMG evaluation, is Objective Evaluations of Soft Tissue Injury, by Sella, G. E. (1998).

Background of Surface Electromyography
Surface electromyography (sEMG) monitors the bio-electrical activity produced by the
muscle when it contracts. The electrical signal recorded at the surface of the skin is the
aggregate activity of many motor units firing and is measured in micro-volts (V). A
motor unit is a functional part of striated muscle. It consists of grouped striated muscle
cells innervated by one single motor neuron. When fine movement is required, such as
for the movement of the eye, there are about 25 muscle cells innervated by one motor
neuron; for larger muscles, such as the quadriceps, hundreds are innervated. There is a
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high correlation between the electrical activity and the force produced by the muscle.
Thus, the electrical signal increases in magnitude with muscle contraction.
Always do a behavioral test after placing the recording sensors over the muscle of interest
and before monitoring and/or training with sEMG. A behavioral test consists of asking
the trainee to tense and relax the monitored muscle. Observe whether the signal
corresponds to the muscle activity. If the signal does not seem to correspond, make
adjustments (e.g., check the equipment, sensor placement, or check that the trainee
actually tensed and relaxed the muscle.).

Factors That Affect the Electrical Signal Recorded at the Surface of the Skin
The bio-electrical signal recorded is the summation of all the electrical activity present
between the active electrodes. It is a summation of the actual physiological sEMG from
the area beneath and between the electrodes, other biological electrical signals (e.g.,
heartbeat), and the electrical signals present in the environment (e.g., 50 or 60 Hz
produced by the electrical line current). The amplitude of the electrical activity recorded
at the skin from muscles beneath depends on the frequency of contraction, the depth of
the contracting muscle tissue from the surface electrodes, and the distance between the
two active electrodes.
Generally, if the electrodes are very closely placed the signal will be smaller, have fewer
artifacts, and represent a smaller volume area beneath the electrodes than if the electrodes
are placed further apart. (See Figure 4.1.)
This signal may include the activity of a number of different muscles. Thus, the sEMG
cannot discriminate between two muscles that are in the same area unless the electrodes
are located such that the inter-electrode distance is very small (1 cm) and located directly
over a specific muscle. However, this is often not possible since there are very small
muscles located on top of or beneath other muscles.
This summed signal from multiple muscles can be useful if one is training to produce
relaxation in the area monitored. For example, one can record the summed electrical
activity of the forearm flexors and extensors if one of the active electrodes is placed over
the flexors and the other over the extensors. In this case, sEMG activity is observed
whether the individual extends or contracts the fingers or wrist. However, it is not
possible to identify which specific muscles contributed to the sEMG activity.
Electrode placement will affect the amplitude of the electrical signal. The electrical signal
is the highest when the two active electrodes are placed on the belly of a muscle, parallel
to the muscle fibers, at approximately 1/3 and 2/3 distances on the muscle. For example,
if the muscle is 5 cm in length, place one active electrode approximately 1.6 cm from the
origin of the muscle and the other approximately 1.6 cm from the insertion. When the
contracting muscle is close to the surface the signal will be larger than when there is thick
adipose tissue between the muscle and the skin.
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EMG narrow electrode placement

EMG wide electrode placement

Figure 4.1. Comparison of narrow (Triode™) versus wide (10cm apart)
electrode placement from upper right trapezius muscle. The increased
amplitude in µV of the wide electrode placement is due to recording from
a larger area.

Although the signal strength is highly reliable within subjects, it is slightly different
between subjects. This means that there is NO absolute signal strength that can be
uniformly defined for all subjects. Hence, this book will give approximate signal levels.
The signal level will be higher or lower for different subjects depending on the electrical
environment and physiological environment.

Artifacts
The electromyograph may be sensitive to electrical activity that is not produced by the
actual contraction of the muscle. These extraneous electrical signals that appear in the
sEMG recording are known as artifact. Some common artifacts are:
Electrode/skin artifacts: Electrical signals produced by the electrode/skin interface
and/or the electrode wire moving through an electromagnetic field. These include:


Skin movement beneath the electrode as the muscle contracts. Check by gently
moving the skin while the electrodes are attached and the trainee is relaxed. If there
is artifact during the movement of the skin, wait until the tissue has moved before
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recording the data. Lighter weight electrode assemblies are less likely to generate this
artifact.
Electrode lead artifact. A signal is induced when the electrode lead is moving through
an electromagnetic field. This field is present everywhere and is produced by the
electrical wiring in buildings, operating electrical equipment, and the many electrical
transmissions emitted by radio, TV, portable telephone, etc. Check the effect of this
artifact by moving the electrode lead back and forth while the sensor is attached to a
resting muscle group. If a significant signal is produced, record the data only after
the electrode lead has stopped moving. If a problem persists, use a narrow band-pass
filter (100-200 Hz) to eliminate low and high frequency signals. This artifact is much
less of a problem when the pre-amplifier is located at the electrode site.
Skin/electrode contact artifacts. These can appear as spikes in the signal. This means
that the electrode is not in good contact with the skin. Surface oil, dead cells, and too
little conductive electrode gel can cause this type of artifact. To avoid this problem,
detach the electrode and gently rub and clean the skin with an alcohol swab prior to
replacement of the electrode.
Gel bridge artifact. This is most often seen as a very low signal. This artifact occurs
when the conductive gel has spread from one active electrode to the other creating a
conductive bridge. The solution is to clean the skin, decrease the electrode gel, and
reapply the electrodes.

Environmental electrical artifacts: These are the common electrical signals present in
the environment.


Electrical wires in the building produce a 50 or 60 Hz electrical frequency (depending
on a country’s electrical grid) that can be picked up by the electrodes. This artifact is
common to the whole system; it can usually be eliminated by common mode rejection
that is designed into the circuitry. Recommended common mode rejection should be
>120 decibels. If it were present, 50/60 Hz artifact would increase the baseline level
and would mask small sEMG signals. The most common solutions are a 50/60 Hz
notch band-pass filter that filters out most of the signal, or moving to a more
electrically quiet or shielded room (e.g., move away from electrical generators such
as TVs, computers, refrigerators, etc.).

Biological artifacts: These are the electrical signals produced by the body and recorded
by the sensors.


Heartbeat artifact produced when the heart contracts. This is often a significant signal
when electrodes are placed over the muscles of the neck and trunk. The artifact
signal consists of a periodic rapid increase of sEMG activity and is larger if the
electrodes are spaced further apart. This artifact may be reduced by placing
electrodes closer together and/or changing the orientation. Using a band-pass filter
from 100-200 Hz can filter out heartbeat artifact significantly. However, this means
that the signal will have lower amplitude as is shown in Figure 4.2. In most cases the
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actual sEMG activity of the muscle can be recorded between the heartbeat artifact
fluctuations.

EMG narrow bandpass filter

EMG wide bandpass filter

Figure 4.2. Comparison of narrow band-pass filter (100-200Hz) versus
wide band-pass filter (20-500Hz). sEMG recorded from left upper
trapezius muscle with Triode™ electrodes. Note that the heartbeat
artifact is mostly eliminated with the narrow band-pass filter; however,
the overall amplitude of the sEMG signal is reduced.

General Instructions in the Use of sEMG for Healthy Computing
Before commencing, read the operating instructions of the electromyograph
and familiarize yourself with the switches, functions and capabilities.
The portable electromyograph is a powerful monitoring and teaching tool for developing
self-awareness and promoting health. The underlying theme for the use of sEMG is that
people are often unaware that they are tightening muscles inappropriately or may think
that they have relaxed a muscle while it is still actually tense. This lack of awareness can
lead to chronic muscle tension. The physiological impact of chronic tension is that,
unless the muscle tissue relaxes periodically, the flow of blood and the movement of
lymph fluid through the tissue are inhibited. Thus, regenerative nutrients are not allowed
in and waste products are not allowed out. Gaining awareness and learning to voluntarily
induce rapid, deep relaxation is the antidote to the deleterious effects produced by chronic
tension and excessive triggering of the alarm reaction.
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Strategies for using the electromyograph need to be adapted to each individual trainee. In
many cases, the specific practices blend from one into the other. In other cases, feedback
is given continuously so that the trainee can rapidly explore and hear/see the effect of hi
activities. Often, it is helpful to give feedback after a phenomenon is observed (e.g.,
shoulders tighten when beginning to type) then provide the feedback to demonstrate the
dysfunctional (dysponetic) patterns. It is best to practice what we refer to as “Colombo
Therapy.”
Colombo Therapy refers to the style of the apparently bumbling television detective, and
encourages the trainee to explore the mind-body relationship. Rather than stating an
observation, the therapist expresses surprise at the feedback and asks the trainee what is
occurring.
This approach avoids blame, encourages self-discovery and active
participation.

Electrode Placement
How and where you place the electrodes will determine the quality of the sEMG signal.
Remember: Wherever you put the electrodes, the aggregate electromyographic activity in
the entire area is being measured as well as other contributing electrical signals that are in
the same frequency range.
Following are a few tips on proceeding with electrode placement:










Always ask permission to touch the trainee prior to beginning.
Organize your supplies; have at hand alcohol swabs, tissue, conductive gel or
paste, electrodes, adhesive tape and a spare battery.
Clean and gently rub the skin with an alcohol swab where you wish to place the
electrode.
Allow the skin to dry before electrode placement.
Attach the electrode to the sensor unit.
With the protective cover intact, apply a minimal amount of conductive gel on the
exposed areas of the metal (silver-silver chloride) contacts of the electrode. Pregelled, single electrodes are available for use with the extension cables.
Some EMGs have very high input impedance that allows recording with dry
electrodes. However, we find that a small amount of conductive gel increases the
conductivity between the skin and the electrode.
Palpate the muscle to find the belly. Ideal placement is at 1/3 and 2/3 of the
length of the muscle belly.
Peel off the protective covering and attach the electrode to the skin. If using three
separate electrodes, peel off the covering one at a time as you place each on the
muscle (peeling off all at once can result in electrodes sticking together).
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Attach the electrode to the skin so that, when you remove it, you will pull in the
direction that the surface hair is growing. Pull from the hair root towards the tip.
Attach the reference electrode to a bony area (e.g., the spine) preferably
equidistant from the two active electrodes.
If using a Triode electrode, make sure that you place it so that the + / - run
parallel to the muscle fibers.
If using extension electrode cables to record from larger areas, be sure to tape the
electrode head to the trainee so that it does not swing and move or interfere with
the recording. The movement of electrode extension cables will induce electrode
lead artifact. This is not a problem if you use the Triode electrode; however,
these record only over a small area.
To perform reliable measurements of muscle activity from the same location at
different times, record the electrode location by measuring the distance from an
anatomical landmark (e.g., measure 4” or 5 cm from the elbow). In many cases,
one can mark the skin with ink (ask the trainee not to wash off the ink marks). In
subsequent sessions, place the electrode in the exact same location.
When you remove the electrode, use a tissue to gently wipe off the remaining gel
from the skin.
The best way to remove the disposable electrode from the sensor unit is to press it
against a tissue, then gently unsnap it.

Using the Electromyograph
Note: The following instructions are generic and assume that the
electromyograph has the capability of providing the various functions
mentioned. Should your equipment have other capabilities, adjust the
instructions to your equipment. The controls of a portable, single-channel
electromyograph are illustrated in Figure 4.3.

Figure 4.3. The front control panel of a MyoTrac
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Apply electrodes and then adjust the settings of the electromyograph for proper recording
and feedback.
 Turn the electromyograph ON. (For the MyoTrac slide power switch to CONT.)
(Remember to turn it off when you are done.)
 Set the gain switch to the highest gain setting (gain is often labeled as sensitivity).
(For the MyoTrac slide the gain switch to 1X).
 Give instructions to trainee to relax the area that is being monitored.
 Adjust the signal threshold so that, when the muscle is relaxed, visual and / or
auditory feedback is in the middle of the scale. (For the MyoTrac adjust the
threshold switch so that the light is in the center green/yellow visual lights
display.) If the individual says that the muscle is relaxed and the visual feedback
remains at the maximum, adjust gain to a less sensitive setting. [Note: If you are
self-recording be sure your muscles are relaxed when you check the controls.]
 If needed, record the actual muscle tension level in microvolts (V). [For the
MyoTrac adjust the threshold knob so that the visual indicator light is in the
middle and then record the level by reading the number to which the arrow head
on top of the threshold knob is pointing (somewhere between 0.5 and 10—see
instruction manual). Then multiply this number by the gain (1X, 10X or 100X)].
 Adjust the auditory feedback to indicate relative muscle tension. Slow clicks or
lower pitch intervals usually indicate low tension (more relaxation), while fast
clicks or higher pitch indicate increased tension. Set the volume to an acceptable
loudness level. [For the MyoTrac set the auditory feedback to either CONT,
which provides continuous feedback, or THR, which provides feedback when
muscle tension exceeds threshold setting. In addition, it is possible to adjust the
parameters of the auditory feedback signal by adjusting other controls. For
example, it is possible to give auditory feedback only when the sEMG is above
threshold for more than 5 seconds.]

Problems with Feedback Signal?
Many factors may contribute to a disparity between the feedback signal and muscle
activity. For example, the muscle may appear relaxed yet the sEMG records 10V or
greater, or the muscle tenses and the feedback signal remains unchanged. Often the
solution is a simple adjustment.
Following are the most common problems and solutions:
Problem: No visual signal
Solutions:
 Equipment not turned on. Turn switch to ON.
 Electrode and/or extension leads not fully connected. Disconnect and then
reconnect electrode leads and extension cables.
 Battery is low or dead. Replace battery.
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Problem: No auditory signal
Solutions:
 Volume switch turned off. Turn volume switch ON. [For the MyoTrac rotate
volume switch clockwise.]
 sEMG signal beneath threshold. Change threshold setting by decreasing
threshold and increasing gain. [For the MyoTrac slide switch from x100 to x10
or to x1.]
 sEMG signal very low. Increase gain so that the visual signal is in the middle of
the visual range or decrease threshold.
Problem: High feedback signal when muscles appear relaxed
Solutions:
 Poor electrode skin connection. This may be caused by poor electrode contact
with the skin when the Triode electrode is applied on a curved surface, when
the skin is very dry, or when there is significant body hair beneath the electrode.
Re-attach the electrode with sufficient electro-conductive gel.
 The Triode electrode is not connected to the sensor head. Attach the Triode
electrode by securely connecting all three snaps.
 Threshold is set too high. Decrease the threshold setting. [For the MyoTrac
rotate threshold knob counter clockwise.]
 Gain is set too high. Decrease gain. [For the MyoTrac slide switch from x1 to
x10 or to x100.]
 Excessive electrical artifacts. Turn off other electrical equipment or move; set the
band-pass filter to narrow. [For the MyoTrac, this switch is located in the
battery compartment. Set frequency range for signal detection to NAR (narrow)
(100-200 Hz).]
Problem: Low feedback signal
Solutions:
 Electrode extension leads are not fully plugged in or attached to the sensor head.
Re-attach electrode leads and plug in the cable connectors.
 Gain switch is set too low. Increase the gain setting.
 Threshold set too high. Lower threshold setting.
 Low battery. Replace the battery.
 Electrode gel bridge. Remove electrodes, clean off all electro-conductive gel
from the electrodes and skin and re-apply electrodes using a minimum of electroconductive gel.
Problem: Erratic feedback signal that does not appear to correlate to muscle activity
Solutions:
 Poor electrode contact with the skin. Re-apply electrodes and use sufficient
electro-conductive gel.
 Excessive electrical, biological and/or movement artifacts. Turn off other
electrical equipment or move to another location. Change band-pass filter from
wide (20-500 Hz) to narrow (100- 200 Hz). If using extension electrodes switch to
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a Triode electrode to reduce electrode lead artifact or tape the sensor head and
extension electrode leads to the skin so that the electrode extension leads do not
swing with movement. When using extension leads be sure that the reference is
placed equidistant from both active electrodes and on a bone--an electrically
neutral site.
Electrode extension leads not totally plugged into unit. Unplug and plug in firmly.
Triode electrode not snapped in fully. Be sure all three snaps of the Triode
electrode are securely attached to the sensor head.
Incorrect electrical line filter. Be sure the sEMG unit has the appropriate notch 60
or 50 Hz filter (e.g., United States and Canada use 60 Hz, Europe and parts of
Japan use 50 Hz).

Problem: Rhythmically fluctuating signal
Solutions:
 Heartbeat artifact when recording from the neck, shoulders and chest especially
with widely placed electrodes. Change band-pass filter to narrow to filter out the
EKG signal, or change orientation or location of electrodes. Use a narrow
placement (Triode electrode) instead of wide electrode placement.
 Inhaling increases muscle tension when recording from the neck and shoulders
(trapezius to scalene muscle). This is NOT an artifact. The increase is a result of
using the accessory muscles for breathing, especially with dysfunctional thoracic
breathing.

Hints while Using the Electromyograph








Put the electromyograph in a position that you can easily see and adjust during
your work (e.g., on your lap, on the desk, near the monitor). Make sure that it is
secure by clipping it on to clothing or furniture. REMEMBER: When recording
from yourself, the muscles used in movement to adjust the controls will be active.
When you are working with a trainee, position the electromyograph so that you
can observe the trainee and the visual feedback simultaneously.
Turn off audio-feedback and do not show the visual signal while adjusting the
equipment or until you are ready to give actual feedback. Many trainees are so
interested in hearing and seeing the feedback that they begin feedback exploration
while you are still setting up the equipment.
After attaching the electrodes, do a behavioral test to check if the feedback signal
is approximately correct. Have the trainee tense the muscles and let go. Be sure
that the feedback signal changes proportionately to the tension and relaxation.
Collect data by recording the level of muscle tension the first time and during the
first practice and at the end. When recording the data, look at the visual feedback
for a few seconds and estimate the most common location. For example, if most
of the time the muscle tension was at 14 and there was a momentary muscle
twitch to 20, record 14 for the tension level. If the muscle activity continually
fluctuates (e.g., 14, 20, 14 and 20), estimate the mid-point of tension (17). [For
the MyoTrac, collect data by adjusting the variable threshold knob. A useful
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technique is to set the threshold so that when the muscle is relaxed the visual
feedback signal is in the green light range and when the muscle is somewhat tense
the feedback signal is in the yellow range. Record the number of LED lights ON
for each condition.]
Collect the data to demonstrate a concept and promote learning. For systematic
data collection and research we recommend using a multi-channel physiological
monitoring system.
In practices that include movement, repeat the same movement while observing
the reading. Some individuals may begin to hold chronic tension with repeated
movements, while others begin to relax.
Use the electromyograph during different times of the day and in different
situations (e.g., in the morning, in the evening, at home, at work, driving a car, in
meetings, etc.) You may wish to use the earphone so that others do not hear the
audio feedback signal.
If you have sensitive skin, remove the electrode after one hour. If you wish to
continue, monitor a different location.
Explore and find out how it works best for you.
Make your own experiments!
Play with it - have fun!
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5. SEMG MONITORING AND FEEDBACK PRACTICES
Imagine that you are threading a needle – really imagine it by picturing it
in your mind and feeling the needle and thread. Hold the needle between
your left thumb and index finger. Hold the thread between the thumb and
index finger of your right hand. Bring the tip of the thread to your mouth
and put it between your lips to moisten it and make it into a sharp point.
Then attempt to thread the needle, which has a very small eye. As you are
concentrating on threading this imaginary needle, observe your motions.
Did you raise or tighten your shoulders, clench your teeth or hold your
breath?

The above example works well to demonstrate that we often tighten muscles (cocontract) that are not necessary for the performance of a task - a process Whatmore and
Kohli labeled dysponesis (from Greek: dys = bad; ponos = effort, work or energy) (Peper,
Ancoli, and Quinn, 1979). Individuals commonly work without awareness of their own
dysponetic patterns. Electromyographic feedback helps individuals identify this tension
and learn to inhibit it.
The practices in this section are written to specifically explore patterns such as
dysponesis, and help trainees learn how to work efficiently and productively while
maintaining health. The EMG is used throughout these practices to identify inappropriate
muscle tension and aid in developing awareness.

Electrode Placement Options
There are two options for electrode placement: Narrow placement with Triode
electrodes for specific muscle recording, or wide placement with the use of electrode
extension leads (Blaesi, Hinson, & Peper, 2006). The advantage of the narrow placement
with Triode electrodes is quickness of application, lack of electrode lead artifact and
more specific recording. This type of recording is very useful when monitoring and/or
training a specific muscle, either the agonist or antagonist (flexor or extensor).
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The advantage of the wide placement with the electrode extension leads is that multiple
muscles can be simultaneously monitored. This is especially helpful for identifying
whether the trainee is relaxing a larger area as shown in Figure 5.1. (If muscle activity
continues to be present while attempting to relax, scanning with narrow placement
electrodes can identify the specific active muscle.)

Figure 5-1: Muscle activity recorded with Triode™ electrodes from individual
muscles (scalene, deltoid, and trapezius) and with wide placement (wrist-to-wrist,
left scalene-to-right trapezius and left deltoid-to-left trapezius). Wrist-to-wrist
electrode placement most accurately reflects muscle tension (Blaesi, Hinson, &
Peper, 2006).

Band-pass Filter Options
Generally, a wide band-pass (20-500 Hz) is best for recording unless there is a need to
filter out EKG artifact (e.g., wide placement from trapezius to scalene). When filtering
out EKG artifact, the band-pass is set at narrow (100-200 Hz). This filter setting could
indicate a false negative (absence of muscle tension) when in fact muscle activity was
present because when muscles become fatigued their mean frequency decreases and it is
possible that part of the sEMG signal could be at less than 100 Hz.

 2006 Peper and Hughes Gibney

SEMG PRACTICES: MONITORING FROM THE FOREARM

41

A. MONITORING FROM THE FOREARM
Forearm monitoring can help us to observe covert tension patterns, to see how much we
use the muscles when working, and to learn to relax taking micro-breaks. Thus, it is
excellent in determining dysponetic patterns, appropriate keyboard and mouse placement,
and the effects of using a wrist rest.
Electrode Placement:
• Place the Triode electrode midpoint between the elbow and the wrist on the
extensors (top) of the left forearm. OPTIONAL: Place one active electrode on the
midpoint between the elbow and the wrist on the extensors (top) of the left
forearm, and the other active sensor midpoint on the flexors (bottom) of the
forearm. Place the reference electrode equal distance between the two active
electrodes on the ulna bone as shown in Figure 5A-1.

Narrow placement forearm extensors

Wide placement forearm flexors to extensors

Figure 5A-1. Forearm electrode placement.
Electromyograph Settings:
• Audio/Visual Feedback: ON (after behavioral tests)
• Band-pass Filter: Wide (20-500 Hz)
• Gain: 1X
NOTE: the above placements and settings will apply to the practices in Section A unless
otherwise indicated.
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Practice A-1: Exploring Awareness
Purpose:
To explore strategies to reduce forearm muscle tension
Procedure:
• Ask the trainee to sit comfortably with arms relaxed and hands resting on her lap.
• Attach the electrodes/sensors as described above. Initially provide NO audio or
visual feedback to trainee.
• Turn the equipment on.
• Adjust the electromyograph so that the visual signal is at midway on the visual
scale when trainee is relaxed.
• Turn on the auditory feedback and observe what happens.
• Discuss with trainee the significance of the feedback signal (e.g., high indicates
muscle tension).
• Next, encourage trainee to relax more with the following instructions:
1. Lift and drop your arms on your lap like a Raggedy Ann doll.
2. Let your arms rest and feel heavy.
3. Let go of control by letting your arms just drop and almost bounce.
4. Neither throw your hands down nor put them down in a controlled manner.
• Have her close her eyes, then lift her forearms a few inches from her lap and then
let them drop back onto her lap. Encourage her to keep sensing the change in
sensations in her hands and thighs.
• Discuss with trainee the resulting sEMG level and make note of any changes.
• To further reduce tension levels, reach over and put your hand on her left shoulder
and gently shake the shoulder as if to release the tension. While shaking, gently
press down.
• Another intervention to reduce tension is to readjust her hand position on her lap
so that her palms are facing down and her fingers are dropping down on the inside
of her thighs.
• Finally, have her lift her fingers up to the ceiling and then let them just drop down
on her lap.
Feedback Observations:
• How did the signal change?
• What did the trainee experience? Did she sense the difference between the muscle
being totally relaxed versus slight tension?
Comments:
• The sEMG activity of a relaxed forearm is about <2.5 µV (wide electrode
placement, wide band-pass filter). If trainee’s is higher, this can be an excellent
demonstration of lack of awareness of muscle tension. Usually after shaking the
arm and dropping it to the lap, the muscle tension decreases.
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If the trainee was surprised that her muscles were slightly tense and could relax
more with the gentle shaking, she could benefit from biofeedback training to
increase somatic awareness. Training can help her to develop awareness of slight
tension and learn to relax completely.
NOTE: If muscles are slightly tense and the trainee has difficulty relaxing
them, a very gentle shake often helps to decrease muscle tension.
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Practice A-2: Exploring Dysponesis and Co-Contraction
Purpose:
To identify dysponetic activity.
Procedure:
• Have the trainee sit completely relaxed with his hands resting on his lap.
• Give the trainee the following instructions.
1. Let your left arm be relaxed as indicated by the electromyograph.
2. Raise and tighten your left shoulder for 5 seconds.
3. Tighten it more and more for about 5 seconds.
4. Let it go and relax.
Feedback Observations:
• How did the signal change?
• What did the trainee experience? Was trainee aware that he tightened other
muscles?
Comments:
• Usually when the trainee raises and tightens his shoulder, the forearm muscle
tension increases. If so, was he aware of the increased tension in his left forearm?
• When the shoulder relaxed, did the forearm relax or stay tense? In some cases
after raising the shoulder and then relaxing it, the forearm does not totally relax -even though the trainee thinks it has.
• If the forearm tightened while raising the shoulder, the trainee could benefit by
biofeedback training to master differential relaxation. He can gain the ability to
tighten one, and only one, muscle while keeping the other muscles relaxed.
Repeat the above procedure except:
• Instead of raising and tightening the left shoulder:
1. Move the trainee’s left shoulder passively up and down. To do this, gently
hold on to his upper arm, just below the shoulder, and raise and lower his arm,
which will raise and lower his shoulder.
2. Have the trainee make a very tight fist with his right hand.
3. Observe the sEMG activity and ask the trainee what he experienced.
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Practice A-3: Passive Movement of the Fingers
“When all you have is a hammer, everything looks like a nail.” Health is
having options and increasing the degree of freedom. Remember that
death occurs when the degree of freedom is at zero.
Purpose:
To identify dysponetic activity and allow passive movement.
Procedure:
• Have the trainee sit completely relaxed with her hands resting on her lap.
• Instruct the trainee to remain relaxed, and to allow passive movement as you
gently move her fingers.
1. With trainee’s left hand resting on her lap, gently lift her left index finger
without her helping in the lifting. (Ask trainee to allow the movement; remind
her that you are not going to hurt her by forcing the fingers back.)
2. Then let it go.
3. Once the feedback indicates that the forearm is relaxed, lift the middle finger
and let it go.
4. Follow this by lifting the ring finger, then, the small finger, and then index,
middle and ring finger together.
5. Explore the difference by lifting the fingers very slowly versus very quickly,
or letting them drop quickly versus placing them down slowly.
Feedback Observations:
• How did the signal change?
• What did the trainee experience? Did trainee sense that she was assisting with
movement?
Comments:
• In most cases the trainee “helps” (increased sEMG activity) by assisting with
lifting her fingers. In addition, rapid movement often initiates a startle response
and muscle contraction. Often the trainee is surprised by the feedback signal and
begins to sense that she is helping. If she assists by increasing muscle tension as
you lift, biofeedback training is very useful in teaching how to inhibit helping and
allow passive movement. This process develops muscle awareness so that the
trainee may learn how to relax upon command as well as inhibit dysponesis
during daily activities.
Repeat the above procedure except:
• Instead of lifting the fingers, lift the hand, wrist or forearm.
• Observe the sEMG activity and ask the trainee what she experienced. Was trainee
better able to allow movement of the hand, wrist or forearm?
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Practice A-4: Effect of Imagery
The body and mind responses reflect the same process. For every thought
there is a corresponding body activity. A quiet mind; a quiet body. A
quiet body; a quiet mind.

Purpose:
To demonstrate how imagery affects muscle tension.
Procedure:
• With hands resting on his lap, guide the trainee through the following images.
Have him indicate when he vividly experiences each image. Allow about one to
two minutes per image.
1. Imagine making a tight fist with both hands; clench your fists very tightly and
then punch a boxing bag with all your force.
2. Imagine sitting at the computer and having to type a report very quickly.
3. If the trainee is a musician, have him imagine playing a difficult musical
piece.
4. If the trainee plays sports, have him imagine a movement that includes the
forearm and hands.
Feedback Observations:
• How did the signal change?
• What did the trainee experience? Did the trainee feel other physiological systems
changing, such as heart rate or breathing?
Comments:
• In many cases there is a slight increase of about 0.5 µV in muscle tension when
the trainee experiences the imagery. If there is no change in the sEMG signal
during the imagery (assuming that it started at a totally relaxed baseline), the
trainee usually is not experiencing the imagery but just thinking about it.
• If the sEMG does increase during the imagery, the experience can be used to
emphasize that what we think affects our health and performance. Mental
rehearsal of a physical activity can be just as useful as actual training to improve
performance.
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Practice A-5: Awareness of Minimum Tension
Without awareness, preventive intervention is usually too late. Pain
becomes the first indication that something is wrong. At that point injury
may have begun. The ability to feel, and release, the first level of tension is
the skill to acquire. Then relaxation and regeneration follow.

Electromyograph Settings:
• Audio Feedback: OFF
Purpose:
To identify minimum tension and increase awareness of lower levels of muscle
tension.
Optional:
Record data on Minimum Tension Awareness Data Sheet, located at the end of this
practice. Photocopy this form and use it for data collection.
Procedure: (note: the lettering [A-M] corresponds to the lines on the Minimum Tension
Awareness Data Sheet)
• Give the following instructions to trainee:
A. Sit relaxed with your eyes closed and hands resting on your lap, palms down
for 10 seconds.
B. Gently tense your forearm by lifting your fingers and hand until you feel the
minimal level of tension in your forearm and hold for 10 seconds.
C. Relax for 10 seconds.
•

Turn audio feedback on and also allow trainee to open her eyes to observe visual
feedback. Give the following instructions to trainee:
D. Gently tense your forearm until you feel that you are holding the minimal
tension for 10 seconds.
E. Relax for 10 seconds.

Feedback Observations:
• How did the signal change?
• What did the trainee experience?
Comments:
• Usually the sEMG increases significantly. Most people are surprised by how
much muscle activity is recorded when they contract with minimal tension.
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Awareness Training:
The following feedback training procedure can now be used to help the trainee to
increase her awareness of a minimal level of tension. Give trainee the following
instructions, with audio/visual feedback on:
F. Tense the muscles of your forearm to only ½ the muscle tension level as
recorded during the minimal tension monitoring. Hold for a count of 10,
and then let go.
G. Relax for 10 seconds.
•

Have trainee practice reducing the minimal tension level by ½ with feedback.
Encourage her to be playful and have fun. When she feels that she can sense it
reliably, turn the feedback off, and verify her mastery. Give her the following
instructions:
H. Relax for 10 seconds with eyes your closed.
I. Tighten to ½ minimum tension for 10 seconds. Now look to see if the
visual feedback signal indicates half the minimal tension.
J. Relax for 10 seconds.

•

If trainee does not sense ½ the minimal tension level without feedback, repeat
steps F and G, then H and I until mastery has been achieved.

•

When trainee is able to successfully sense ½ minimal tension level, have trainee
practice with feedback reducing this level, if necessary, by another half (e.g., 1/4
the original minimal tension). Have her practice reducing the minimal tension
level to ¼ the original level. When she feels that she can reliably sense the
minimal tension level, turn the feedback off and verify her mastery. Give trainee
the following instructions:
K. Relax for 10 seconds.
L. Tense to ¼ the original minimal tension level. Now look to see if the
visual feedback signal indicates half the previous minimal tension.
M. Relax for 10 seconds.
This process can be repeated to develop awareness of lower and lower
minimal level of tension. Do not proceed to a lower level of minimal
tension until mastery is achieved at each reduced level.

Comments:
• In some cases, when tightening minimally, it is difficult to let go of the muscle
tension. Often it is easier to relax after tightening more and then letting go. If the
trainee has difficulty relaxing fully after tightening, muscle feedback is a powerful
teaching tool to develop mastery of letting go.
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MINIMUM TENSION AWARENESS DATA SHEET
Name _____________________________________Date _____________________
Electrode location_____________________________________________________
Conditions

Feedback

A. Relax
B. Tense minimum
C. Relax
D. Tense minimum
E. Relax
F. Tense ½ minimum
G. Relax

No
No
No
Yes
Yes
Yes
Yes

Muscle tension
__________
__________
__________
__________
__________
__________
__________

Gain
1X, 10X, 100X
__________
__________
__________
__________
__________
__________
__________

Practice with feedback until trainee can sense ½ the minimal tension. Then repeat post
training testing for skill acquisition without feedback.
H. Relax
I. Tense ½ minimum
J. Relax

No
No
No

__________
__________
__________

__________
__________
__________

Practice with feedback until trainee can sense ¼ the minimal tension. Then repeat post
training testing for skill acquisition without feedback.
K. Relax
L. Tense ¼ minimum
M. Relax

No
No
No

__________
__________
__________

__________
__________
__________

If post training awareness has not been mastered, continue feedback training and retest.
When the skill has been mastered without feedback, continue the training for ¼ minimum
tension awareness.
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Practice A-6 Letting Go After Tightening
Electromyograph Settings:
• Audio Feedback: OFF
Purpose:
To check whether trainee can relax muscles completely after tensing.
Procedure:
• Have trainee sit relaxed with hands resting on his lap.
• Give trainee the following instructions:
1. Bend your left wrist backward and point your fingers towards the ceiling; hold
this position for 10 seconds.
2. Relax for 10 seconds.
3. Repeat steps 1 and 2 four times.
Feedback Observations:
• How did the signal change?
• What did the trainee experience? Did the trainee hold his breath or tighten other
muscles not needed for the task, such as his jaw?
Comments:
• Three patterns occur with this practice.
1. If the sEMG tension is consistent after all four tension/relaxation periods, the
trainee has demonstrated mastery of letting go.
2. If the tension is lower, the trainee was holding covert tension during the first
relaxation condition. Biofeedback training will help the trainee identify when
he is holding slight tension.
3. If the tension was higher, use biofeedback training to help the trainee learn to
let go of the muscle tension after tightening. If he does not learn to let go, it is
possible that continued exercise would lead to injury. These observations, if
confirmed in more formal data collection, may offer guidelines as to whether
physical exercise is contra-indicated.
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Practice A-7: Head Rotation/Arm Co-Contraction and a Model for Analysis
Patients who have carpal tunnel syndrome tend to co-contract their forearm muscles with
sternocleidomastoid muscle activity (e.g., head rotation). Reducing imbalance of the
sternocleidomastoid muscles reduces the co-contractions of the forearms and appears to
improve health (Skubick et al, 1993). The following procedure is an adaptation of the
quantitative approach to identify neuromuscular conditions and facilitate rehabilitation as
outlined by Sella (1998).
Purpose:
To identify and reduce dysfunctional co-contraction patterns which often occur in
trainees who are experiencing CRD.
Procedure:
• Have the trainee sit in a relaxed upright position with her hands resting on her lap.
• Instruct the trainee to do the following movements slowly and gently, and move
only upon your request. Have her hold each position for 10 seconds, and record
the sEMG activity at the end of each movement.
1. Rotate your head to the left and hold for 10 seconds.
2. Return to center to rest for 10 seconds.
3. Rotate your head to the right and hold for 10 seconds.
4. Return to center to rest for 10 seconds.
5. Repeat steps 1 through 4 five times.
• Record the data on the following Head Rotation Co-Contraction Form.
Photocopy this page and use it for data collection.
• Have trainee rate and describe the tension in her forearms while she rotated her
head.
Repeat the above procedure except:
• Switch the electrode location to the right forearm.
• Record the data on the following Head Rotation Co-Contraction Form.
Photocopy this page and use it for data collection.
Feedback Observations:
• How did the signal change?
• Observe and compare the right and left forearm sEMG in response to head
rotation.
• What did the trainee experience?
OPTIONAL: Repeat the above procedure except:
• Place the electrodes over the center of the sternocleidomastoid muscle as is shown
in figure 5A7-1.
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Figure 5A7-1. Triode electrode placed over the center of the left
sternocleidomastoid muscle.

Comments:
• Often, dysfunctional patterns become visible with repetition of movement. It is
important to have trainees repeat the same movement a number of times to check
whether other muscles co-contract, or if trainee holds increasing tension in the
muscle and is unable to relax fully.
• In numerous cases there is co-contraction, especially if the trainee experiences
some discomfort. Usually they do not notice that their forearm contracts. Often
when the head turns to the right, the left forearm slightly tightens and when the
head turns to the left, the right forearm slightly tightens. In some cases it only
occurs on one side.
• If co-contractions are observed, discuss the data. Repeat a few of the movements
with audio and visual feedback to demonstrate the co-contractions. Then begin
feedback training to teach awareness if they were not aware of the cocontractions. Follow with feedback training to master inhibition of forearm
activation during head rotation.
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HEAD ROTATION CO-CONTRACTION FORM
Name: ______________________________ Date: _____________
Electrode: Narrow Wide; Band-Pass: Filter: Narrow, Wide; Gain: 1X, 10X, 100X
Electrode location: ______________________________________________________
Time
Right
Left
Conditions Seconds
Muscle tension
Muscle tension
Center
Left
Center

10
10
10

____________
____________
____________

____________
____________
____________

1st
Repetition

Center
Right
Center

10
10
10

____________
____________
____________

____________
____________
____________

2nd
Repetition

Center
Left
Center

10
10
10

____________
____________
____________

____________
____________
____________

3rd
Repetition

Center
Right
Center

10
10
10

____________
____________
____________

____________
____________
____________

4th
Repetition

Center
Left
Center

10
10
10

____________
____________
____________

____________
____________
____________

5th
Repetition

Trainee’s Experience:
Relaxed
Sensations in right forearm during head rotations: 1
2
Sensations in left forearm during head rotations:
1
2

3
3

4
4

Tense
5
5

Describe: _______________________________________________________________
_______________________________________________________________________

 2006 Peper and Hughes Gibney

54 MUSCLE BIOFEEDBACK AT THE COMPUTER

 2006 Peper and Hughes Gibney

SEMG PRACTICES: MONITORING FROM THE NECK AND SHOULDERS

55

B. MONITORING FROM THE NECK AND SHOULDERS
“I never realized that I braced my shoulders and held my breath while
typing. Now I know the importance of not doing this and have tools to
change.”
–Secretary in training program, San Francisco State University

Tension in the neck and shoulders may contribute to the development of CRD. In most
cases, chronic neck and shoulder tension causes discomfort of the head, neck, back and
arms. This chronic tension is the result of the interaction of several factors: forcing the
body to adapt to the environment (inappropriate ergonomics), lack of skills in
regeneration and somatic awareness, limited flexibility and strength, physical and
emotional stress, thoracic breathing, poor posture, and even impaired vision or hearing.
Electrode Placement:
• A number of options for wide electrode placement offer optimal monitoring of
general neck and shoulder muscle tension (e.g., wrist to wrist, trapezius to
trapezius, pectoralis to pectoralis). One functionally useful wide electrode
placement is recording across the neck and shoulders with the left scalene to right
upper trapezius. This recorded signal may contain tension from the
sternocleidomastoid, scalene and the upper trapezius muscles. This placement
also monitors the accessory muscles of breathing that are activated by excessive
thoracic breathing (scalene muscles), that tighten during the alarm reaction
(trapezius muscles), and that tighten in the neck when thrusting the head forward
in order to see better.
•

Place the Triode electrode on the right upper trapezius midpoint between the
acromion of the shoulder and T1 on the spine. OPTIONAL: Place one active
electrode on the left scalene just posterior to the insertion of the
sternocleidomastoid; the other active sensor on the right upper trapezius midpoint
between the acromion of the shoulder and T1 on the spine; place the reference
electrode on T1 as is shown on Figure 5B-1.

Electromyograph Settings:
• Band-pass Filter: Narrow (100-200 Hz)
• Gain: 1X
• Audio Feedback: ON
The narrow band-pass filter for this placement reduces the heartbeat (EKG)
artifact.
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NOTE: the above placements and settings will apply to the practices in Section B unless
otherwise indicated.

Narrow placement upper trapezius

Wide placement –
left scalene to right trapezius

Figure 5B-1. Narrow and wide shoulder electrode placements.
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Practice B-1: Exploring Neck and Shoulder Tension
Purpose:
To explore strategies to reduce neck and shoulder muscle tension.
Procedure:
• Have trainee sit comfortably with his hands resting on his lap.
• Adjust the electromyograph so that the visual signal is at midpoint on the scale.
• Encourage the trainee to relax more with the following instructions:
1. Raise and drop your shoulders.
2. Let your shoulders just hang down and feel heavy, while you let your neck
and jaw remain loose. Let your shoulders bounce slightly when you drop
them. Let them go without control.
3. Close your eyes, then raise your shoulders a few inches and hold for about 10
seconds and then let them drop and relax. Compare the sensations of raising
(tightening) with relaxing. Allow your arms and hands to remain relaxed.
• Reach over and put your hand on trainee’s right shoulder and gently shake it so as
to release the tension. While shaking gently press down.
• Alternatively, gently shake the arm.
Feedback Observations:
• How did the signal change?
• What did the trainee experience? Was trainee aware of holding residual tension in
his shoulder?
Comments:
• The sEMG activity of the relaxed neck and shoulder is about 3.5 µV (wide
electrode placement, narrow band-pass filter). The muscle tension usually
decreases after dropping or shaking the shoulder. This is often an excellent
demonstration that the neck and shoulder muscles are not as relaxed as the trainee
thought.
• If the trainee was surprised that his muscles were slightly tense and that he could
relax more, he could benefit from biofeedback training to increase somatic
awareness to know when the muscles are truly relaxed.
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Practice B-2: Exploring Dysponesis and Co-Contraction
Purpose:
To identify dysponetic activity.
Procedure:
• Instruct trainee to sit quietly with her hands resting on her lap.
• When the electromyograph indicates that the right shoulder and arm are relaxed
have the trainee make a tight fist with her right hand.
• Have her tighten it more and more for 5 seconds.
• Then let it go and relax for 10 seconds or longer.
Feedback Observations:
• How did the signal change?
• What did the trainee experience? Did trainee hold her breath when tightening her
fist?
Comments:
• Usually when trainees make a fist, they raise and tighten their shoulders. If she
did so, was she aware of the increased tension in her neck and shoulders? While
doing the exercise, did she hold her breath?
• When the trainee relaxed her fist, did her neck and shoulders relax or remain
tense? In some cases, after making a fist and then relaxing it, the neck and
shoulder muscles do not relax completely even though the trainee thinks they
have let go.
• If the shoulder tightened when the trainee made the fist, she could benefit by
biofeedback training to master differential relaxation - the ability to tighten one,
and only one muscle, while keeping other muscles relaxed.
Repeat the above procedure except:
• Tighten the left hand.
• Press the knees together.
• Extend the left foot.
• Tighten the buttocks.
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Practice B-3: Passive Movement of the Shoulder
Purpose:
To identify dysponetic activity and allow passive movement.
Procedure:
• Have trainee sit with his hands resting on his lap.
• Hold his right upper arm between your hands, just below the shoulder, and gently
lift and move it around so that the shoulder moves without assistance from
trainee. (Ask trainee to allow this movement and remind him that you are not
going to hurt him by forcing the movement.)
• Then let it go.
Repeat the above procedure except:
• Explore the difference by moving the shoulder rapidly versus very slowly or
letting it drop unexpectedly after lifting it up.
• Passively move the left shoulder.
Feedback Observations:
• How did the signal change?
• What did the trainee experience? Was trainee aware of assisting or resisting
passive movement?
Comments:
• In most cases trainees help (increased sEMG activity) by lifting their shoulder. In
addition, rapid movement often initiates a startle response and muscle contraction.
Trainees are usually surprised by the feedback signal and begin to sense that they
are helping. If the trainee assists by increasing muscle tension as you lift,
biofeedback training would be very useful in teaching how to inhibit helping and
allow passive movement.
Repeat the above procedure except:
• Move the right or left arm in small then larger circles.
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Practice B-4: Awareness of Minimum Tension
Electromyograph Settings:
• Audio feedback: OFF
Purpose:
To identify awareness of minimum tension and develop awareness of lower muscle
tension levels.
Procedure:
• Have trainee sit upright and relaxed with her hands resting on her lap, palms
down.
• Set the gain so that the feedback signal is very low on the visual scale.
• Instruct trainee:
1. Close your eyes and gently raise your shoulders until you feel a minimal level
of tension.
2. Hold for 10 seconds and then relax for 10 seconds.
• Have trainee repeat steps 1 and 2 except, when she holds the minimal tension,
give her auditory feedback and ask her to open her eyes and look at the tension
level.
Feedback Observations:
• How did the signal change?
• What did the trainee experience?
Comments:
• Usually the sEMG increases significantly. Most trainees are surprised by how
much muscle activity is recorded when they contract with minimal tension.
• Use the same training procedure and data collection form to increase trainee’s
awareness of a minimal level of tension as described in Practice A-5: Awareness
of Minimum Tension.
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C. BREATHING PATTERNS
I only became aware of breathing when I ran out of breath, frozen in
anticipation, and then gasped for air.
Breathing, the bridge between conscious and unconscious, between voluntary and
involuntary, affects and is affected by thoughts, emotions, body movement and the
internal and external environment. Our daily language is full of common phrases that
express how we change our respiratory patterns. “Breath of fresh air.” “Sigh of relief.”
“Catch my breath.” “All puffed up.” “Inflated.” “Full of hot air.” “Gasping for air.”
“Breathing room.” “Inspired.” These expressions reflect the mind/body/consciousness
interrelationships in which changes in respiration patterns affect the soma and vice versa.
Common dysfunctional breathing patterns that contribute to development of CRD include
breath holding, gasping, and predominantly shallow thoracic breathing. These unhealthy
patterns increase the activity of the accessory respiration muscles in the neck and
shoulders, thus creating a pattern of chronic muscle tension
Most of the time we are unaware of changes in our breathing until our attention is
focused upon it or discomfort develops. Observe this in the following exercise:
Sit comfortably while looking straight ahead. Bring your hands to the side of
your head about twelve inches from each ear. Then alternately snap your right
fingers and then your left fingers. Keep facing straight ahead and, with each
snap, shift your eyes from side to side to look to the extreme right or left at the
source of the snap. Continue looking back and forth as you snap your fingers
more and more rapidly. Snap and shift your eyes as quickly as you can.
Now check your breathing. Were you holding your breath? Were you breathing
mainly in your upper chest? Was your breathing pattern rapid and shallow?
Almost everyone holds his or her breath when intensely attending to an activity. This
visual vigilance, the unnoticed triggering of the fight/flight response, induces either
breath holding or shallow and rapid thoracic breathing. This is a breathing pattern often
observed as people work at the computer or play computer games. Chronic thoracic
breathing with episodic breath holding usually contributes to neck and shoulder tension,
cold hands and feet, fatigue, irritation and increased sympathetic arousal.
Observing breathing patterns and changing shallow thoracic breathing to effortless
diaphragmatic breathing is essential to maintaining health while working at the computer.
If an individual maintains a consistent, effortless respiration pattern while working,
chronic shoulder tension and cold hands become less likely.
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Electrode Placement:
• Place one active electrode on the left scalene just posterior to the insertion of the
sternocleidomastoid and the other active sensor on the upper right trapezius
midpoint between the acromion of the shoulder and T1 on the spine; place the
reference electrode on T1 as was shown in Figure 5B-1. This electrode location
monitors the efforts produced by the auxiliary muscles of breathing (e.g., scalene
and trapezius).
Electromyograph Settings:
• Band-pass Filter: Narrow (100-200 Hz)
• Gain: 1X
• Audio Feedback: ON
• The narrow band-pass filter for this placement reduces the heartbeat (EKG)
artifact.
NOTE: the above placements and settings will apply to the practices in Section C unless
otherwise indicated.
Purpose:
The purpose of the following three observational practices is to identify the
involvement of the upper thoracic muscles in thoracic breathing and the factors that
can contribute to breathing dysregulation.
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Practice C-1: Observation of Breathing
Procedure:
• Have the trainee sit comfortably with hands resting in his lap.
• Observe the sEMG for 3 or 4 breaths.
• If the trainee breathes diaphragmatically, the sEMG signal may increase slightly
near the end of inhalation and decrease with exhalation.
• If the trainee has a dysfunctional breathing pattern, which is most common, you
will observe significant sEMG activity at the onset of inhalation. This would
indicate gasps and rapid breathing.
NOTE: If there is significant sEMG activity due to dysfunctional breathing as shown in
Figure 5C1-1, the trainee could benefit from sEMG biofeedback training to master
effortless diaphragmatic breathing. Mastery of effortless diaphragmatic breathing is
indicated by almost no sEMG activity in the trapezius/scalene muscles during the
beginning of the inhalation phase, with a slight increase near the end of the inhalation
phase.

Figure 5C1-1. Breathing predominantly in the chest increases
scalene/trapezius sEMG activity as compared to diaphragmatic breathing.
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Practice C-2: Gasping and Thoracic Breathing
Procedure:
• While sitting comfortably, have the trainee take three deep gasping breaths then
repeat.
• Then have the trainee breathe only in his chest.
Feedback Observations:
• How did the signal change?
• What did the trainee experience? How did trainee feel breathing only in his chest?
Comments:
• The sEMG signal generally increases rapidly at the onset of a deep, gasping,
thoracic breath. The sEMG activity will also increase and stay slightly higher
when the trainee breathes predominantly in his chest. For many people this feels
very normal. If the trainee finds that this breathing pattern feels comfortable and
normal, he could benefit from biofeedback training to learn effortless
diaphragmatic breathing.
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Practice C-3: Designer Jeans Syndrome
‘Designer Jeans Syndrome’ refers to the fact that we often wear clothing so tight that it
modifies our breathing pattern. Our waists and abdomens are constricted, forcing us to
breathe in our upper chest. An extreme example of fashion modifying our breathing
occurred during the Victorian era when women wore corsets as shown in Figure 5C3-1.
This fashion craze affected women’s health so much so that room at the top of the stairs
in Victorian homes was called the fainting room!

Figure. 5C3-1. Example of a properly corseted lady during Victorian times.
Women often fainted after mild physical exertion due to thoracic breathing.
We can surmise that the fallacious belief that women fainted under stress was
a result of the Victorian version of ‘Designer Jean (Corset) Syndrome.’
Procedure:
• Have trainee sit comfortably and breathe effortlessly for a minute.
• Then have trainee tighten her belt or waistband so that it is more constrictive.
• Keep the belt tight for one minute.
• Then have trainee loosen her belt (unzip the zipper a little) so that her waist has
no constriction and can expand freely.
• Have trainee breathe for one minute.
Feedback Observations:
• How did the signal change?
• What did the trainee experience? Did trainee feel comfortable in allowing her
abdomen to expand?
Comments:
• Usually, after tightening the belt, trainees breathe more rapidly and more
thoracically so that there is a slight increase in sEMG. When trainees loosen their
belts, and the abdomen can expand, the sEMG generally decreases.
NOTE: This demonstration can be used to encourage people to wear looser clothing so
that non-restrictive breathing can occur.
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Practice C-4: Teaching Effortless Breathing with Feedback
Effortless diaphragmatic breathing consists of a slower respiration rate (usually 8 or
fewer breaths per minute) with larger tidal volume and with the air flowing soundlessly,
if possible, through the nose. The exhalation, which includes an exhalation pause, is
almost twice as long as the inhalation. The abdomen initially widens during inhalation
and, as inhalation continues, the chest begins to expand as well. The focus is on
exhalation, thereby allowing inhalation to occur after the air has been exhaled.
Purpose:
To teach effortless breathing and reduce dysfunctional breathing patterns.
Procedure:
• Have trainee loosen his belt and sit comfortably.
• Instruct trainee:
1. Exhale by slightly pulling in your abdomen without increasing the sEMG
activity.
2. Inhale by sensing your abdomen expanding as the air flows gently in through
your nose. Only near the end of the inhalation should the sEMG activity
increase slightly.
3. Continue to exhale and inhale while reducing the sEMG activity.
• Facilitate the learning by role-modeling effortless breathing, guiding the trainee
by placing your hands on his abdomen.
• Give him tactile feedback as he breathes by placing your hands on his abdomen
(e.g., as trainee begins to inhale, pull your hands away to encourage expansion; as
he begins to exhale, press slightly to encourage full exhalation).
Feedback Observations:
• How did the signal change?
• What did the trainee experience? How easy was it to allow the breath to flow in
versus forcing the inhalation?
Comments:
• The initial phase of the training is to learn diaphragmatic breathing with reduced
upper scalene/trapezius activity.
• Learning effortless diaphragmatic breathing takes time. With practice, most
people learn to decrease the upper thoracic component and can learn to exhale
more slowly and then allow a natural inflow of air.
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D. PHYSIOLOGICAL PROFILE AT THE COMPUTER
A complete physiological profile usually consists of simultaneous recording of sEMG of
the neck, shoulder and arm as well as respiration, peripheral temperature and skin
conductance. A multi-channel psycho-physiological profile as illustrated earlier (see Figure
2.2) can identify the various physiological patterns that contribute to the development of
CRD. For example, colder and moister hands and rapid thoracic breathing may indicate
increased sympathetic arousal or even sub-clinical. Chronic sympathetic arousal directly
affects muscle tenderness since the tender trigger points inside striated muscles are
innervated by the sympathetic nervous system. This means that, if a person is stressed, his
sympathetic nervous system is more activated which results in increased electrical activity
in the trigger points. Chronic stress and over-arousal contribute to increased muscle
discomfort. (For detailed instruction, risk analyses and suggested interventions for a multichannel assessment see Peper, E., Harvey, R., & Tylova, H. (2006). Stress Protocol for
Assessing Computer Related Disorders.) Although a multi-channel profile is preferable, a
single channel EMG can be systematically used for assessment and training at the
computer.
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Practice D-1: Monitoring Tension at the Keyboard
Electrode Placement and Electromyograph Settings:
• Option 1:
Forearm wide electrode placement (see Section A)
Band-pass filter setting: Wide (20-500 Hz)
•

Option 2:

Neck and shoulder (scalene/trapezius) placement (see Section B)
Band-pass filter setting: Narrow (100-200 Hz)

Electromyograph Settings:
• Audio feedback: OFF
Additional Equipment:
• Keyboard or workstation
Purpose:
To measure physiological response patterns during a typing assessment.
Procedure:
• Photocopy the Short Typing Assessment Form and use it for data collection.
• Have trainee sit comfortably in front of a keyboard or workstation with his hands
resting on his lap.
• Adjust the gain so that the muscle activity is mid-way in the visual feedback scale.
• Review with trainee this procedure for the profile and inform him that you will
prompt him to begin each segment.
• Instruct trainee:
1. For 30 seconds keep your hands relaxed and resting on your lap.
2. Bring your hands to the keyboard and let your fingers rest at home row (without
typing) for 30 seconds.
3. Type a letter to your boss for 60 seconds without making any mistakes and as
quickly as possible.
4. Stop typing and rest your fingers on home row for 30 seconds.
5. Put your hands back on your lap and relax for 30 seconds.
6. Shrug your shoulders and let your hands just rest on your lap for another 30
seconds.
• Stop the recording.
• Ask trainee to complete the short subjective experience questionnaire.
When guiding the trainee through this practice, record the average muscle tension only
after the trainee is in the middle the specific task. If the sEMG activity reads at maximum,
then indicate >maximum. Alternatively, adjust the gain during the typing segment (e.g.,
from 1X to 10X or even 100X). (When recording scalene/trapezius, continue to use the 1X
scale, if possible. When monitoring the forearm, change the scale during the typing
segment.)
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Repeat the above procedure except:
• Give continuous auditory feedback.
OPTIONAL:
• Repeat assessment, except have trainee type continuously for 20 to 50 minutes.
Feedback Observations:
• How did the signal change?
• What did the trainee experience?
Comments:
• Use the data from the data collection sheet and the auditory feedback session to
discuss the following implications of this assessment.

Following are some common patterns that we’ve observed with many individuals and
recommendations to help the trainee learn to maintain healthy working patterns.

Forearm Muscle Activity
Observation: Significant muscle tension when hands relaxed on lap (>3.5 µV with wide
electrode placement; >2.0 µV with narrow Triode electrode placement).
Recommendation: Use feedback to teach arm and hand relaxation and somatic
awareness.
Observation: Muscle tension significantly higher when fingers resting at home row.
Recommendation: This occurs because trainees must keep their fingers slightly raised to
avoid generating random characters on the screen. This means that, in order to relax
the fingers, hands and arms, the trainee must drop his hands onto his lap or desk, to
allow relaxation. Use forearm feedback to teach mastery of typing and relaxation
(dropping hands onto lap with instant relaxation).
Observation: Continued muscle tension during typing.
Recommendation: The muscles are continuously constricting; hence there is a lack of
momentary low muscle tension. To allow the tissue to regenerate, the muscles need to
relax episodically (a one-second micro-break or larger movement and regeneration
break) to allow unrestricted blood flow. Use feedback to teach micro-breaks; namely,
type for 30 seconds, break for one second, type for 30 seconds, break for one second,
type for 30 seconds, break for one second, type for 30 seconds, etc.
Observation: Significantly higher tension while hands are on the lap after typing task.
Recommendation: This means that the muscles continue to contract. Use feedback to
teach somatic awareness so that the feeling of relaxation correlates to physiological
relaxation.
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Observation: Lower level of tension after shrugging.
Recommendation: This means that the muscles were not relaxed when the trainee
thought they were. Use feedback to teach relaxation. Discuss how light-hearted large
body movements can often help with muscle relaxation (e.g., letting the body shake
during laughter).
Scalene/Trapezius Muscle Activity
Observation: Significant muscle tension when hands relaxed on lap (>3.0 µV-narrow
filter).
Recommendation: Use feedback to teach somatic awareness and neck and shoulder
relaxation.
Observation: Muscle tension significantly higher when fingers resting at home row.
Recommendation: A momentary increase in sEMG will occur when moving hands to
home row. The muscle tension should be low once the hands are resting on the
keyboard. Higher muscle tension indicates slight shoulder raising, a common
occurrence when individuals type. Tension will also increase if trainee extends his
upper arms to reach the keyboard. Use scalene/trapezius feedback to teach how to keep
the shoulders relaxed while the hands are resting on the keyboard.
Observation: Continued muscle tension during typing.
Recommendation: There should only be episodic spurts of sEMG activity as the trainee
is typing. That is, as trainee is “flow typing” the hands and arms move. During those
movements one can expect an increase in muscle tension. Continuous elevated
scalene/trapezius sEMG is due to raising the shoulders while typing, reaching forward
with the upper arms to type, or tensing the neck by bringing the “nose to the screen”
while reading the text. While the trainee is typing, the shoulder muscle tension should
have significant epochs of relaxation. Use feedback to teach somatic awareness and
shoulder relaxation when typing.
Observation: Significantly higher tension while hands are on the lap after typing task.
Recommendation: This means that the neck and shoulder muscles continue to contract.
Use feedback to teach somatic awareness so that the feeling of relaxation correlates to
physiological relaxation.
Observation: Lower level of tension after shrugging.
Recommendation: This means that the muscles were not relaxed when the trainee
thought they were relaxed. Use feedback to teach relaxation. Discuss how lighthearted, large body movements can often help in relaxing muscles.
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SHORT TYPING ASSESSMENT FORM
Name: ________________________________________ Date: _____________
Electrode location: ___________________________ Band-pass Filter: Narrow Wide
Conditions

Time
Seconds

Muscle tension

Gain
1X, 10X, 100X

Hands on lap
Fingers on home row
Typing
Fingers on home row
Hands on lap
Relax and shrug
Hands on lap

30
30
60
30
30

__________
__________
__________
__________
__________

__________
__________
__________
__________
__________

30

__________

__________

SUBJECTIVE EXPERIENCE OF SHORT TYPING ASSESSMENT FORM
Rate your relaxation/tension during each of the conditions:

Hands on lap
Fingers on home row
Typing
Fingers on home row
Hands on lap
Hands on lap after shrugging
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Relaxed
0
0
0
0
0
0

1
1
1
1
1
1

2
2
2
2
2
2

3
3
3
3
3
3

4
4
4
4
4
4

Tense
5
5
5
5
5
5
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Practice D-2: Effect of Emotions
My coworker is a pain in the neck.
She carries the weight of the world on her shoulders.
The above statements are samples of a number of ways in which we describe how our
emotions affect our physiology. To experience emotional reactivity, take a few moments
to act out the following.
Bring your hands to rest on your desk. Now act as if you are angry. Breathe
sharply in and out through your nose; close your lips tightly and clench
your jaw; focus your eyes straight ahead as you tense your eye lids; put
tension in your body and lean slightly forward, as if ready to attack
(Lemeignan et al, 1990). Tighten your shoulders and arms. While holding
this feeling of anger, rapidly tap your fingers on your desk as if your are
typing. Keep tapping for a minute. Then stop, let go and relax for a minute.
Now let your eyes, jaw, neck, shoulders and arms relax while breathing
easily. Then, while staying relaxed, gently tap your fingers on the desktop
for a minute. Then relax.
Compare your experiences. Most people find that tapping when relaxed is easier and more
comfortable than when acting angry.
As you can see from the above examples, emotional reactivity influences physiology and
performance. Most individuals are unaware of the subtle changes they make in their work
patterns when experiencing stress. Learning somatic awareness, and developing skills to
reduce physiological responses, can reduce the risk of CRD.
Purpose:
To explore the effect of negative emotions upon muscle tension while typing.
Electrode Placement and Electromyograph Settings:
• Option 1:
Placement: Wide: Extension leads to scalene/trapezius
Band-pass Filter: Narrow (100-200 Hz)
• Option 2:
Placement: Wide: Extension leads to forearm flexor/extensor
Band-pass Filter: Wide (20-500 Hz)
• Option 3:
Placement: Narrow: Triode electrode on temporalis
Band-pass Filter: Narrow (100-200 Hz)
Note: Identify the best electrode placement from visual observation. For example, if
the trainee tends to tighten his shoulders, use the neck and shoulder placement; if the
trainee tends to pound the keyboard, use the forearm placement; if the trainee tends to
frown or has an expressive face, use the temporal placement.
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Electromyograph Settings:
• Audio Feedback: OFF
Equipment:
• Keyboard or workstation
Procedure:
• Photocopy the Effect of Emotions Form and use it for data collection.
• Have the trainee sit comfortably with his hands relaxed on his lap in front of a
keyboard or computer workstation.
• Adjust the gain so that the muscle activity is mid-way in the relaxed scale.
• Review with trainee this procedure and inform him that you will indicate when to
begin each segment.
• Instruct trainee:
1. Sit relaxed for 30 seconds.
2. Imagine a stressful, negative and frustrating emotional experience and when
you feel the imagined experience as “real” nod your head.
3. Type for 60 seconds while you continue to imagine/feel the negative emotion.
4. Let go of the emotion and rest your hands on your lap for 30 seconds.
5. Shrug your shoulders and let your arms just rest on your lap for another 30
seconds.
• Stop recording.
• Have trainee fill out the short subjective questionnaire.
NOTE: When guiding the trainee through this practice, record the average muscle tension
only after the trainee is in the middle of the specific task. If the sEMG activity reads at
maximum, then indicate >maximum. Alternatively, adjust the gain during the typing
segment (e.g., from 1X to 10X or even 100X.) (Continue using the 1X scale when recording
scalene/trapezius muscle activity. When monitoring the forearm, change the scale during
the typing.)
Feedback Observations:
• How did the signal change?
• What did the trainee experience?

Use the data from the data collection sheet and compare it to trainee’s subjective
experience. Discuss the following observations/implications of this assessment and the
opportunities for training. Following are some common observations with comments.
Observation: Lack of correlation between subjective ratings and objective sEMG ratings.
Comments: This may mean:
• The tension is located in other muscles that were not monitored. Repeat the
practice, while monitoring at other locations.
• Lack of somatic awareness. Begin sEMG training to teach awareness.
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•

The emotional response is expressed in another physiological system such
as changes in electrodermal response, heart rate, or respiration pattern.

Observation: Increased sEMG activity during extended typing as compared to the Short
Typing Assessment.
Comments: This is the most common occurrence and indicates that, with negative
stressful emotions, people tend to tense, often unknowingly, as shown in Figure 5D2-1.

Figure 5D2-1. The effect of stressful imagery on right upper
trapezius muscle activity. During the stressful imagery there is a
significant increase in upper trapezius muscle tension and an
absence of microbreaks during the typing task. In addition, the
sEMG is significantly increased during stressful imagery while the
arms were resting on the lap (Taylor, 1993; Peper, E., Wilson,
V.S., Taylor, W., Pierce, A., Bender, K., & Tibbetts, V., 1994).

Observation: Significant muscle tension in forearm, scalene trapezius or temporalis when
hands are resting on the lap.
Comments: Use feedback to teach face, neck and shoulder, or arm and hand relaxation as
well as somatic awareness.
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Observation: Continued tension after typing task when hands are resting on the lap.
Comments: This means that the muscles are still slightly contracting. Many trainees find
it difficult to let go of negative frustrating emotional experiences. Use feedback to
teach the trainee to rapidly let go after imagined stressors.
Observation: Significant tension after shrugging.
Comments: This means that the muscles were not relaxed when the trainee thought they
were. Use feedback to teach relaxation. Discuss how light-hearted, large body
movements can often help in relaxing muscles.

OPTIONAL: Repeat basic procedure while giving auditory and visual feedback so that the
trainee can observe how his system reacts to negative frustrating emotions. Another
powerful way to demonstrate the effect of emotions is with skin conductance and
respiration feedback.
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EFFECT OF EMOTIONS FORM
Name: _________________________________

Date: _____________

Electrode location: _______________________ Band-pass Filter: Narrow / Wide
Conditions

Time
Seconds

Hands on lap 30

Muscle tension

Gain
1X, 10X, 100X

__________

__________

Imagine negative frustrating experience
Typing

60

__________

__________

Hands on lap 30

__________

__________

__________

__________

Relax and shrug
Hands on lap 30

SUBJECTIVE EXPERIENCE OF EFFECT OF EMOTIONS
Rate your relaxation/tension during each of the conditions:

Hands on lap
Typing with negative emotions
Hands on lap
Hands on lap after shrugging

Relaxed
0
0
0
0

1
1
1
1

2
2
2
2

3
3
3
3

4
4
4
4

How “real” was the imagined negative frustrating image?
Not at all
Very real
0
1
2
3
4
5
What was your experience during typing with negative frustrating emotions?
How easily could you let go of the negative frustrating image?
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5
5
5
5
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E. POSITIONS WHILE WORKING
After working intensely with the mouse revising a spreadsheet, I noticed
pain in my right shoulder.
I always cradle the phone between my shoulder and ear when searching
for information on my computer. Is that why my neck hurts?
We tend to adapt ourselves to the environment and often accept the work site without
change. This adaptation may increase the risk for CRD. The electromyograph is a useful
tool for assessing and demonstrating optimum body positions while working. Following
are a few common procedures to investigate body positions while working at the
computer. The actual analyses depend upon the specific work setting and include arm
position while the hands are at the keyboard, mouse use, telephone use, nose to the
screen, and squinting.
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Practice E-1: Arm Position at the Keyboard
The most common dysfunctional arm position is reaching forward in order to type instead
of allowing the upper arms to drop straight down from the shoulders as shown in Figure
5E1-1.

Upper arms forward – NO

Upper arms vertical - YES

Figure 5E1-1. Incorrect and correct arm position for data entry.
Purpose:
To monitor the covert arm muscle efforts while typing and to identify the optimum
arm position.
Electrode Placement:
• Place the Triode electrode on the belly of the deltoid. This placement is usually
sufficient to observe tension when the arm is reaching forward.
• Optional wide electrode placement: place one active electrode on the anterior
deltoid and the other on the posterior deltoid with the reference electrode on the
acromion midway between the two active electrodes as is shown in Figure 5E1-2.
Electromyograph Settings:
• Gain: 1X
• Band-pass Filter: Wide for Triode electrode; narrow for wide electrode
placement
• Audio and visual feedback: OFF
NOTE: The above placements and settings will apply to the practices in Section E unless
otherwise indicated.
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Wide placement

Figure 5E1-2. Narrow and wide deltoid electrode placement.
Procedure:
• Photocopy the Arm Position Form and use it for data collection.
• Have trainee sit with her hands resting on her lap.
• Attach the electrodes.
• Be sure that trainee’s shoulders and arms are relaxed.
• Set the gain so that the feedback signal is very low on the visual scale.
• Record the average sEMG tension level after 15 seconds of relaxation.
• Review with trainee this procedure and inform her that you will indicate when to
begin each segment.
• As trainee follows your instructions, record the average sEMG tension level and
her subjective experience during each typing segment on the Arm Position
Form.
• Instruct trainee:
1. Rest your arms on your lap for 15 seconds.
2. As you rest, rate your subjective shoulder tension on a scale from 0 (no
tension) to 5 (severe tension).
3. Bring your fingers to the keyboard and rest at home row for 15 seconds.
4. As you rest your hands at home row, rate your subjective shoulder tension on
a scale from 0 to 5.
5. Type for 60 seconds without the resting your wrists on a wrist support.
6. As you type, rate your subjective shoulder tension on a scale from 0 to 5.
7. Drop your arms to your lap and relax for 15 seconds.
8. As you rest, rate your subjective shoulder tension on a scale from 0 to 5.
OPTIONAL: Record upper arm angle.
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ARM POSITION FORM

Name:_______________________________________ Date: __________________

Electrode location: ___________________________ Band-pass Filter: Narrow / Wide
Gain: 1X, 10X, 100X Upper arm angle: ________________

Conditions

Time
Seconds µV

Subjective Rating of Muscle Tension
Relaxed
Tense

Hands on lap

15

______

0

1

2

3

4

5

Typing

60

______

0

1

2

3

4

5

Hands on lap

15

______

0

1

2

3

4

5
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Feedback Observations:
• How did the signal change?
• What did the trainee experience? Was trainee aware of the subtle changes in her
muscle tension?
Comments:
• Use the data from the data collection sheet and compare it to trainee’s subjective
experience. Discuss the implications of the assessment.
• Trainees generally show increased deltoid (or upper trapezius) muscle tension
(sEMG >3µV for Triode electrode placement) when they bring their fingers to
the keyboard as was shown in Figure 1-2 (page 7). Usually, there is little or no
awareness of tension in the shoulders. This means that trainees may unknowingly
tense their shoulders for extended periods while working at the keyboard.
Repeat the above procedure except:
• Turn visual and auditory feedback ON. Let the trainee explore some of the
following:
1. Change the distance from the keyboard. Have the trainee sit further and then
closer to the keyboard. Note that there is a direct relationship between
increased arm angle (arm reaching forward) and increasing sEMG activity.
2. Have trainee bend her elbows at 90 degrees while allowing her wrists and
hands to hang relaxed and keeping her shoulders relaxed. If the trainee is
sitting up with relaxed shoulders, the elbows will move backward.
3. Move the arms back and forth passively while the trainee keeps her shoulders
relaxed.
4. Adjust the chair so that the trainee can sit closer to the keyboard. Remember
that the trainee, chair, monitor, keyboard and tray are all interrelated (e.g.,
legroom may limit moving closer to the desk, or the monitor may be on a
shallow desk and too close for comfortable viewing).
5. Check the effect of using different keyboards. Compare a normal keyboard
with a split keyboard as shown in Figure 5E1-3. People who are wider with a
protruding abdomen have to reach around themselves in order to type. They
tend to rotate their elbows forward so that the fingers can reach the keys, and
then compensate by rotating the wrists outward (ulnar abduction). Usually, a
split keyboard reduces the sEMG activity significantly.

 2006 Peper and Hughes Gibney

82 MUSCLE BIOFEEDBACK AT THE COMPUTER

Normal keyboard

Split keyboard

Figure 5E1-3. Illustration of how keyboards affect wrist angle. The split
keyboard allows individuals to adjust the keyboard to their own unique
ergonomic requirements.
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Practice E-2: Mouse Use
An ounce of prevention is worth a pound of cure.
The mouse is used 30% to 70% of the time while working at the keyboard,
yet it was an afterthought in hardware design. Where do you put this
friendly fellow? Somewhere way out in limbo because there is not enough
room on the keyboard tray or desk?

The most common dysfunctional arm position is reaching sideways and forward to use
the mouse. This results in holding constant tension while mousing. Placing the mouse
centrally, as is shown in Figure 5E2-1, can reduce tension.

To the side – NO

Over 10-key pad - YES

Figure 5E2-1. Normal mouse placement to the side of the extended
keyboard usually induces greater muscle tension. An articulating mouse
tray, that is more centrally located, can reduce muscle tension.
Purpose:
To monitor the covert muscle efforts while mousing and to promote an optimum
mousing position.
Electrode Placement:
• Place the Triode electrode either on the upper trapezius or deltoid of the
mousing arm (see figure 5E1-2). These placements are usually sufficient to
observe tension when the arm is abducting to operate the mouse.
Electromyograph Settings:
• Audio and visual feedback: OFF
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Procedure:
• Photocopy the Mouse Position Form and use it for data collection.
• Have trainee sit quietly, with hands resting on his lap, while you attach the
electrodes.
• Be sure that trainee’s shoulders and arms are relaxed.
• Set the gain so that the feedback signal is very low on the visual scale.
• Record the average sEMG tension level after 15 seconds of relaxation.
• Have trainee rate his subjective shoulder tension on a scale from 0 (no tension) to
5 (severe tension) and record it on the Mouse Position Form.
• Then, have trainee use the mouse continuously for one minute.
• Record the average sEMG tension level.
• Have trainee rate his subjective neck and shoulder tension on a scale from 0 to 5.
• Then, have trainee drop his arms to his lap and relax for 15 seconds.
• Record the average sEMG tension level.
• Have trainee rate his subjective shoulder tension level.
OPTIONAL: Record when the upper arm angle is sideways and forward.
Feedback Observations:
• How did the signal change?
• What did the trainee experience? Was trainee able to fully relax his muscles when
resting between mouse use?
Comments:
• Use the data from the data collection sheet and compare it to trainee’s subjective
experience. Discuss the implications of the assessment.
• Trainees generally show increased muscle tension when using the mouse next to
an expanded keyboard that includes a ten-key pad. This occurs especially when
one uses an even wider ergonomic keyboard, such as the Microsoft Natural
Keyboard. In many cases, the keyboard tray is too narrow to allow room for
the mouse. Instead, individuals have to reach forward and to the side to use the
mouse. This means that they continuously tense their shoulders while mousing,
and often maintain tension while waiting to use the mouse. Most trainees lack
awareness of tension in their shoulders.
Repeat the above procedure except:
• Turn visual and auditory feedback ON. Let the trainee explore some of the
following:
1. Change the mouse location. Have the mouse located further sideways, then
forward, and then, more to the center. Note the direct relationship between
decreasing arm angle (arm reaching sideways) and decreasing sEMG activity.
(At the work setting, this may mean rearranging the desk, getting a wider
keyboard tray, installing a mouse bridge, moving the keyboard to the side
while predominantly using the mouse, etc.)
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2. Practice relaxing the neck and shoulders while pressing the right or left mouse
buttons.
3. Check the effect of using different pointing device arrangements. Compare the
tension levels with a centrally located trackball or with using a mouse bridge
over the ten-key pad. In systematic studies, Harvey and Peper (1997) showed
the lowest sEMG activity is observed with a centrally located trackball as
compared to a mouse next to the keyboard, as shown in Figure 5E2-2.
40

uV

30

20

10

0
Hands in
Lap

Trackball

Ext.
Keyboard

Microsoft
Keybrd

Figure 5E2-2. Sum of mean sEMG activity during mouse use when
monitoring the sternocleidomastoid, upper right trapezius, lower right
trapezius/rhomboid, and posterior deltoid muscles. Note that the
ergonomically designed Microsoft Natural Keyboard has the highest
sEMG activity during mousing, since the keyboard is the widest,
necessitating greater arm abduction (from Peper, Harvey and Shumay,
1997).
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MOUSE POSITION FORM
Name: ____________________________________________ Date: _____________
Mouse location: ___________________________________________________
Electrode location: ___________________________ Band-pass Filter: Narrow Wide
Gain: 1X, 10X, 100X Upper arm angle: _____________

Time Muscle tension
Conditions Seconds

Relaxed

Tense

Hands on lap 15

______

0

1

2

3

4

5

Mousing

15

______

0

1

2

3

4

5

Hands on lap 15

______

0

1

2

3

4

5
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Practice E-3: Telephone and Cell Phone Use
The telephone is an integral part of the electronic office. Whether actually
talking to some one or using voice mail, the phone is often cradled and
clamped between the shoulder and the ear while, at the same time,
information is entered into the computer. Phones are often shoved to the
side to allow for computer equipment forcing us to people reach across
the desk to answer or initiate a telephone call.

The most common dysfunctional arm positions are reaching and extending the arm while
making a call and/or cradling the phone or cell phone instead of using a speaker phone or
headset as is shown in Figure 5E3-1.

Cradling – NO

Headset - YES

Figure 5E3-1. Cramped posture when cradling the phone versus erect
posture when using a headset.

Purpose:
To identify and correct inappropriate muscle tension patterns while using the phone.
Electrode Placement:
• Option 1:
Place the Triode electrode on the upper trapezius of the shoulder
that cradles the phone.
• Option 2:
Place the Triode electrode on the anterior deltoid of the arm used
for dialing and answering calls.
Both placements help to identify excessive tension during phone use.
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Electromyograph Settings:
• Audio and visual feedback: ON
Procedure:
• Have trainee sit quietly at the computer station with her arms resting on her lap
while you attach the electrodes.
• Be sure that trainee’s neck, shoulders and arms are relaxed.
• Set the gain so that the feedback signal is very low on the visual scale.
• Have trainee initiate a telephone call and then talk normally while holding the
handset.
• Have her cradle the handset between her shoulder and ear while, at the same time,
entering data into the computer.
Feedback Observations:
• How did the signal change?
• What did the trainee experience?
Comments:
• Generally, the sEMG increases significantly while the trainee is dialing and/or
cradling the phone. Explore some of the following strategies to reduce the
tension. Compare the sEMG data in these new positions.
1. Change the position of the phone so that trainee does not reach far to answer
or initiate a call.
2. Have trainee use a headset so that her shoulders stay relaxed while talking on
the phone.
3. Have trainee use a speakerphone instead of cradling the phone.
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Practice E-4: Collapsing With Nose to the Screen
I get so involved in my work that I find myself leaning forward with my
nose to the screen to see even better.
A common position that contributes to CRD is collapsing the body and thrusting the head
forward to see the screen instead of sitting comfortably and viewing a screen that is clear
with good character resolution, as is shown in Figure 5E4-1.

Forward - NO
Figure 5E4-1.
computer.

Erect - YES

Collapsed versus erect posture while working at the

Purpose:
To identify and correct inappropriate head posture while looking at the monitor.
Electrode Placement:
• Place the Triode electrode on the posterior neck (cervical) muscles to monitor
the excessive neck tension as is shown in figure 5E4-2.
Electromyograph Settings:
• Audio and visual feedback: ON
Procedure:
• While trainee sits at the computer station with his arms relaxed on his lap, attach
electrodes.
• Be sure that trainee’s neck, shoulders and arms are relaxed.
• Set the gain so that the feedback signal is very low on the visual scale.
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•
•

Remind trainee to treat his neck with respect. The following explorations should
be done gently and slowly.
Instruct trainee:
1. Thrust your head forward with your chin leading the way.
2. Elongate your neck as if a hook, attached the back of the top of your head, is
pulling your head up and your chin is going backward into your neck.
3. Lean back in your chair for spinal support and let your chin drop to your
chest, allowing your head to hang down.
4. Tilt your head back.

Figure 5E4-2. Triode electrode placement on posterior neck muscles.
Feedback Observations:
• How did the signal change?
• What did the trainee experience?
Comments:
• As the head thrusts forward toward the screen, the neck muscle tension increases.
The muscle tension decreases as the neck elongates. The muscle tension is the
lowest when the head is either hanging totally down, without the trainee trying to
lift his head, or tilted back. Use the feedback training to identify a more erect
position without thrusting the head forward, and to learn to relax the neck totally
as the head hangs down.
• In the workplace, a posture with the back collapsing and the head thrusting
forward may also be due to a poorly designed chair (e.g., it may need height
adjustment or lumbar support). Difficulty in seeing the screen due to text
characters that are too small or excessive reflection and glare may also contribute
to this unhealthy posture.
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Practice E-5: Squinting To See
I have to look through the bottom of my bifocals and tilt my head to see.
It is sometimes difficult to read the text because of the glare.

Eye and face tension may contribute to fatigue and sEMG activity in the muscles around
the eye.

Bifocals – NO

Computer Glasses - YES

Figure 5E5-1. The effect on posture of wearing bifocals vs. computer
glasses.

Purpose:
To identify and reduce excessive facial tension while viewing the monitor.
Electrode Placement:
• Cut away some of the adhesive section of a Triode electrode so that it does not
touch the eyelid and place this Triode electrode over the temporalis (see Figure
5E5-2).
• Optional: Use wide frontal electrode placement to monitor facial tension as is
shown in Figure 5E5-2 or neck (cervical) placement as shown in Figure 5E4-2.
Electromyograph Settings:
• Audio and visual feedback: ON
Procedure:
• Have trainee sit comfortably in front of the monitor while receiving feedback.
• Have trainee relax between each activity.
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•

Instruct trainee:
1. Squeeze your eyes together for 5 seconds and then relax.
2. Look up to the ceiling with your eyes only for 5 seconds and then relax.
3. Blink 5 times slowly.
4. Look down as far as is possible with your eyes only for 5 seconds and then,
relax.
5. Just let your eyes and face relax.
6. Look down with eyes about 30 degrees, keeping your eyelids relaxed, for
about 5 seconds and then, relax.
7. Stare intensely at the screen for 5 seconds and then, relax.
8. Frown for 5 seconds and then, relax.
9. Clench your jaw for 5 seconds and then, let it relax with your teeth slightly
apart.
10. Adjust the font size on the monitor so that the letters are very small (e.g., font
size of 8 or less). Then, read the text for one minute and then, relax.
11. Take a quick gasp and then, relax.

Temporalis

Frontal

Figure 5E5-2. Electrode locations to monitor eye and facial tension.

Feedback Observations:
• How did the signal change?
• What did the trainee experience?
Comments:
• The lowest upper facial muscle tension is usually observed with the eyes relaxed
and looking down at about 30 degrees. Looking up or down, squeezing the
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eyelids closed, squinting, frowning, clenching the jaw, and even gasping usually
increases the muscle tension.
Use the feedback to teach trainee to quickly relax after tightening his face muscles
and to keep his eyes relaxed while working at the monitor. Obviously, each time
he blinks the tension will go up. This is healthy. Blinking a number of times
each minute to lubricate the eyes should be encouraged.

NOTE: Effortless vision means that the monitor is placed correctly, that there is no glare
or reflection, that the ambient light level is similar to that of the monitor, that vision is
correctly adjusted so that the screen is in focus, and that the individual takes frequent
vision breaks (every 15 to 20 minutes) by looking at distant objects.
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F. EXPLORE INTERVENTIONS
I was surprised by how much lower my arm muscle tension was when I
wrote with the fatter pen. I wouldn’t have known it if I didn’t see it on the
biofeedback machine.
The therapist gave me something to use with my pencil, but it only made
my arm hurt more. Now I know why it hurts more, my muscle tension
increased.

To prevent CRD or ameliorate discomfort, we often suggest using specific tools, making
ergonomic adjustments, changing posture, or practicing specific exercises. Although
these suggestions and practices may be helpful, without the aid of biofeedback, we do not
know whether they reduce muscle tension. In addition, the trainee may not immediately
feel/notice the difference. Hence, if the sEMG feedback demonstrates that the
intervention reduces tension, the trainee may be more willing to practice the exercise or
implement the work or life style recommendations. It may also be used to determine the
efficacy of new equipment.
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Practice F-1: Create an Exploratory Research Study
Preventive and curative/therapeutic recommendations are frequently found in news
stories about CRD. Do your own investigative study to check the efficacy of the
proposed exercise or ergonomic aid for each individual. The following approach is a
suggested strategy to collect data and empirically investigate the results. While
investigating the efficacy, remember the following guidelines:
•
•

The muscle should be equally or more relaxed after practice. If there is increased
tension do not continue to practice this exercise. First, master muscle relaxation
before continuing.
If there is increased discomfort after practice, stop the practice and investigate
what is occurring. Remember: Pain Equals No Gain. Pain usually tends to lead
to avoidance behavior and excessive bracing.

A beginning exploratory study includes defining the goal (what you are attempting to
find out), the electrode locations, procedure, data collection, results and conclusion. This
approach is illustrated in Practice F-2: Investigate Ergonomic Aids and Practice F-3:
Investigate Preventative/Curative Exercises.
Use the following data collection form to explore new and different approaches.
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Surface EMG Data Collection Form
Trainee:___________________ Trainer:________________ Date:____________
General purpose:
Electrode location:
Band-pass Filter: Narrow Wide
Gain: X1 X10 X100
------------------------------------------Condition 1----------------------------------------Purpose:
Procedure:

sEMG level:
Trainer observation:
Trainee subjective experience:

------------------------------------------Condition 2----------------------------------------Purpose:
Procedure:

sEMG level:
Trainer observation:
Trainee subjective experience:

------------------------------------------Condition 3----------------------------------------Purpose:
Procedure:

sEMG level:
Trainer observation:
Trainee subjective experience:
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Practice F-2: Investigate Ergonomic Aids
Ergonomic aids (e.g., wrist rests, pencil grips) are often recommended and/or prescribed.
Use the sEMG to investigate whether the ergonomic aid changes muscle activity.
Although one can often observe a significant change in muscle tension, it is possible that
the person is so conditioned that they need to learn to lower the muscle tension even with
this new aid in place.
Purpose:
To investigate whether the proposed ergonomic aid decreases forearm flexor or
extensor tension while writing. In this practice we will investigate a pencil grip (a
foam wedge slipped over a pen to increase the diameter.)
Electrode Placement:
• Place a Triode electrode over forearm flexors or extensors or two closely placed
electrodes on the thenar eminence (abductor pollicis brevis) of the writing hand,
as shown in figure 5F2-1.

Forearm flexor/extensor

Abductor pollicis brevis

Figure 5F2-1. Common electrode locations for monitoring hand and
arm tension while writing. Left figure: Triode electrodes on the
forearm flexors and extensors. Right figure: Electrodes on the
abductor pollicis brevis to measure thumb-to-finger pinching.

Electromyograph Settings:
• Audio and visual feedback: OFF
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Procedure:
• Have trainee sit comfortably at a writing desk and attach electrodes to the
dominant forearm.
• Set the gain at mid-range on the visual feedback scale while the arm is relaxed
and resting on the desk.
• Using a very thin pen, have trainee write a few sentences (e.g., suggest writing
one, two, three, etc.)
• Using a pen with a foam grip or a very thick pen, have trainee repeat writing the
same sentences.
• Ask trainee which condition felt more comfortable.
Feedback Observations:
• How did the signal change?
• What did the trainee experience?
Comments:
• In some cases the foam grip or a thicker pen reduces the forearm muscle tension
or the pinching tension in the hand as compared to writing with a thin pen as
shown in Figure 5F2-2.
• If the sEMG was lower with the grip, repeat the short writing experience with the
feedback signal ON. Also, remind the trainee to take short breaks and relax his
muscles while writing.
• If the sEMG did not lower, remove the grip and monitor the sEMG while trainee
writes with a thin instrument. If, when using the thin instrument, sEMG
decreases, then the expanded grip is inappropriate for the trainee. However, if the
sEMG is equally as high as with the grip, then repeat the writing exercise using
the grip with the feedback signal ON. Have trainee explore strategies to lower the
sEMG activity while writing. Once the skill of lowering the sEMG while writing
is achieved, turn the feedback signal OFF to check mastery.

OPTIONS: Use a similar strategy to explore other ergonomic aids or adjustments, such
as:
• Writing on a flat versus slant table (or use a 3inch binder as the support surface)
while monitoring trapezius sEMG activity.
• Sitting upon a wedge pillow, if one is short, while monitoring the trapezius,
cervical or arm sEMG.
• Typing on different keyboards or mousing with different pointing devices (e.g.,
negative versus positive tilt, split versus normal keyboard, or trackball/trackpad
versus mouse).
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Figure 5F2-2. sEMG recording demonstrating that a thin pen with the foam
grip to increase the diameter significantly reduced the flexor and extensor
muscle tension.
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Practice F-3: Investigate Preventive/Curative Exercises
Stretching and strengthening exercises are often prescribed as a strategy to prevent and
ameliorate discomfort. Use sEMG to identify whether the exercises have the appropriate
effect or work as you think they should work.
Purpose:
To investigate whether, during the proposed exercise, the muscles relax and stay
relaxed (e.g., self-stretching of wrist extensors).
Electrode Placement:
• Place a Triode electrode over right forearm wrist extensors as shown in figure
5A-1.
Electromyograph Settings:
• Audio and visual feedback: ON
Procedure:
Instruct trainee to do the following:
• Stand, straighten your right arm in front and bend (flex) your wrist so that the
fingers point outward to the right, as shown in Figure 5F3-1 (Active self -stretch).
• Grasp the back of your right hand with the palm of your left hand and push it
toward your shoulder for 5 seconds. (Make sure that he doesn’t hold his breath—
that he maintains diaphragmatic breathing.)
• Let go and relax for ten seconds.
• Repeat and explore how to relax your wrist extensors (reduce the feedback
signals) while stretching for 5 seconds.
• Let go and relax for ten seconds.
• Repeat stretching except, instead of using the left hand to stretch the right, place
the back of your right hand on a table as shown in Figure 5F3-1 (Passive selfstretch).
• While keeping your arm straight and the back of your hand gently pressed against
the table top, gently stretch your wrist for 5 seconds by pulling back with your
shoulders to increase the stretch.
• Let go and relax for ten seconds.
• Repeat and explore how to relax the wrist extensors (reduce the feedback signals)
while stretching for 5 seconds.
• Let go and relax.
Feedback Observations:
• How did the signal change?
• What did the trainee experience?
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Passive self-stretch

Figure 5F3-1. Active versus passive forearm stretch. In most cases the
trainee tightens much more while stretching against his own strength
versus stretching against a desk or table. Arrows indicate direction of
applied force. sEMG feedback can help to identify the strategies that
result in lower muscle activity.

Comments:
• In most cases, the sEMG is significantly lower while doing the stretching with the
back of the hand on the table versus the active self-stretching. Use feedback to
identify a position when the sEMG is the lowest and remains low during
stretching.
• The sEMG is generally lower after the stretching. If the sEMG is higher after
stretching, or if the trainee reports discomfort, do not continue with this exercise.
In most cases these exercises should be done under the supervision of a therapist.
• Changes in sEMG activity during stretching can be used to guide the trainee or
therapist in the progression of the exercise. For example, when the muscle is
irritated or stretched too much, the sEMG activity begins to increase. However,
the trainee is often unaware of this increased tension. Use this as information to
stop and allow the muscle to regenerate as shown in Figure 5F3-2.
Note: Place a towel on the table to soften the surface. If the table is too low, use a
book or a ream of paper to bring it to the best height for the trainee.
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Figure 5F3-2. Example of dynamic feedback to guide trainee through
stretching. At point A, the sEMG increased during the stretching and the
trainee used the feedback to inhibit the sEMG activity. At point B, the
sEMG increased and the trainee tried to inhibit the muscle tension. She
was not successful; therefore, she stopped (dotted line) and rested. In
both cases, feedback helped her to gain awareness of muscle tension.

OPTIONS: Explore strategies with other preventive and curative or therapeutic exercises,
such as:
• Practice a shoulder roll while monitoring upper trapezius sEMG activity. After the
exercise, the sEMG should be as low as or lower than before the practice. If
sEMG remains higher after the practice than before, do not continue this exercise.
• Press palms together with the elbows out while monitoring deltoid sEMG activity.
If after the exercise the sEMG remains higher than before the practice, do not
continue this practice.
• Monitor upper trapezius sEMG activity when allowing the shoulder to drop
passively down as it is being pulled by the weight of the hanging arm versus
actively pulling the shoulder down.
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G. TRAINING STRATEGIES
Learning a psychophysiological skill and not applying it in real life
situations could be called the “Lazy Boy Syndrome.” If the trainee only
practices a skill when sitting in a comfortable chair, such as a Lazy Boy
recliner, then he has not truly mastered the skills. Success depends on
generalizing the skill in all situations.

Learning skill mastery with muscle feedback is the goal of the training practices in this
section. The electromyograph can be used for training, monitoring skill acquisition and
reminding the trainee to promote health at the computer. The focus is self-awareness and
self-responsibility while utilizing the feedback signal to change behavior. The training
practices include: training for micro-breaks, reducing neck and shoulder tension while
typing, reducing performing efforts, tensing/relaxing while stretching, and effortless
diaphragmatic breathing. Use these practices as models and adapt them to your own
work.
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Practice G-1: Training for Micro-Breaks
A micro-break is a momentary reduction in muscle tension that allows regeneration. The
blood flows more freely, thus bringing nutrients to the tissue and removing waste
products. Micro-breaks, also known as EMG gaps, should occur approximately every 30
to 60 seconds.
Purpose:
To rapidly reduce muscle tension in a muscle that is held contracted.
Electrode Placement:
• Place a Triode electrode over forearm extensors or use wide lead electrodes
over the extensors and flexors.
Electromyograph Settings:
• Gain: 1X
• Band-pass Filter: Wide (20-500 Hz)
• Audio and visual feedback: ON

NOTE: The above placements and settings will apply to the practices in Section G unless
otherwise indicated.

Procedure:
• While trainee sits comfortably with her arms and shoulders relaxed at the
computer, attach electrodes.
• Set the threshold to emit sound when sEMG is in the middle of the relaxation
scale.
• Have trainee begin typing.
• Every 30 seconds have trainee drop her hands to her lap and relax.
• When the signal is beneath threshold, indicating relaxation, have trainee resume
typing.
• Continue practicing the micro-breaks until trainee can reliably lower her muscle
tension to the relaxed state within a 1-2 second micro-break.
• When trainee feels that she can do this consistently, turn off the auditory feedback
and do not let her see the visual feedback, to confirm her mastery.
• After trainee thinks she has done it correctly, give her the visual and auditory
feedback.
• Continue until mastery is achieved.
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NOTE: For most trainees it is much easier to relax their arms and shoulders when
dropping their hands onto their laps. Although it is possible to relax by letting the hands
rest on the desk next to the keyboard, for most it is much more difficult. In addition, by
dropping the hands to the lap they are performing a larger motor movement. Thus, there
is a change in position of the hands, arms, shoulders, neck, head and, often, even the
back. Remember that health is promoted by the alternation of movement.
Feedback Observations:
• How did the signal change?
• What did the trainee experience?
Comments:
Most trainees rapidly learn to practice micro-breaks and reduce the muscle activity
within one or two seconds as shown in figure 5G 1-1. If muscle tension continues in
the forearm, the training should focus on learning to relax the forearm. Usually,
forearm relaxation is facilitated when the shoulders are relaxed and the hands can
drop onto the lap. If tension is high, have the trainee shrug her shoulders and let her
hands drop onto her lap. Integrate generalization training so that the trainee
automatically takes a micro-break when cued by the end of a paragraph, column of
numbers, or waiting for the computer to respond.

Rest

Typing

Rest

Scalene-trapezius
Micro-breaks
Forearm
Copyright Peper 2001

Session 5 9/16/03

Figure 5G1-1. Example of practicing micro-breaks. After typing a few
letters, the person relaxes and then, continues typing. This pattern
of work/rest allows a healthy flow of blood and lymph to the tissue.
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Following are two common problems people encounter with recommended solutions:
Problem: Dropping my hands interrupts my train of thought and concentration.
Solution: Practice enough so that it becomes an automatic response. Initially, it does
take concentration.
Problem: I forget. I get so involved that time flies.
Solution: Use automatic reminders such as a beeper and choreograph the micro-breaks
into your work habits. Train yourself to take a micro break after every paragraph,
column of numbers, click and drag with the mouse, when the computer is calling up a
program or document, when the phone rings, when someone stops by to ask a
question, etc.
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Practice G-2: Relaxing Neck and Shoulders
Purpose:
To learn to work at the keyboard without raising and tensing the shoulders.
Electrode Placement:
• Place a Triode electrode on the right upper trapezius or, for wide electrode lead
placement, place one active electrode on the left scalene and the other active
sensor on the right upper trapezius, with the reference electrode on T1.
Electromyograph Settings:
• Band-pass Filter: Narrow (100-200 Hz)
Procedure:
• Have trainee sit comfortably with his arms and shoulders relaxed at the computer,
while you attach the electrodes.
• Set the threshold so that the visual signal is in the upper relaxed area with no
sound when trainee is relaxed.
• Have trainee bring his hands to the keyboard.
• Then, have him practice reducing the muscle tension in his shoulders while
typing. When the audio feedback sounds, have trainee relax his shoulders and
eliminate the sound.
• When the trainee feels that he can work without shoulder muscle tension, turn off
the audio feedback to confirm mastery.
• Have trainee type without feedback for 30 seconds; then, have him drop his hands
to his lap for 2 seconds; then, type for 30 seconds, etc. Have trainee continue to
type and take micro-breaks for 2 minutes while you observe the visual feedback.
• If trainee has mastered the skill, let him know. Otherwise, turn the audio feedback
on and have him repeat the practice until he feels that he has achieved mastery.
Feedback Observations:
• How did the signal change?
• What did the trainee experience?
Comments:
• The muscle tension initially increases as the trainee brings his hands to the
keyboard. Thereafter, it is possible to reduce the upper trapezius tension. When
the trainee moves his hand over the keyboard, there is a momentary increase in
muscle activity that will typically decrease again as his shoulders relax.
• To reduce upper shoulder tension, it is important to optimize the office
ergonomics. This means that the keyboard is at the correct height and that the
trainee does not reach forward to be able to type.
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•
•

When the trainee switches between keyboard and mouse, muscle tension
increases during mouse movements. However, most of the time the shoulder
should stay relaxed.
If muscle tension increases as the trainee is typing or mousing, use biofeedback
training to teach how to lower the muscle tension and practice micro-breaks.

Following are some common problems we’ve encountered:
Problem: Even though I am relaxed, I cannot reduce the muscle tension. (In some
cases, task performance requires the use of certain muscles. In those cases it is
impossible to reduce the muscle tension; however, it is important to take microbreaks to allow regeneration.)
Solution: Change ergonomics so that, while the fingers are on the keyboard, the
upper arm can hang vertically down with the elbows bent at approximately a 90°
angle.
Problem: I cannot type or I am typing too slowly in order to keep my shoulders
relaxed.
Solution: Initially, when learning a new skill, your performance will decrease.
However, once the skill becomes automatic, it will be easier and your productivity
may even increase.
This type of training procedure can help individuals learn to reduce tension while typing.
For example, Peper et al, 1996, showed that after six sessions of Healthy Computing
Training, trainees reduced the muscle tension in the scalene/trapezius muscles while
typing, as is shown in Figure 5G2-1.
SCALENE/TRAPEZIUS sEMG
15
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TYPING
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RESTLAP

0

CONDITIONS

Figure 5G2-1. The effect of Healthy Computing feedback training upon
reducing the mean scalene/trapezius sEMG activity while typing for seven
minutes. Data was collected while the 17 subjects received no feedback
(from: Peper, E., Tibbetts, V., Shumay, D. A. & Harvey, R., 1996).
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Practice G-3: Reducing Performing Efforts
I often pound the keys while working. I wonder if I can learn to work with
less effort.
Purpose:
To learn to reduce the excessive muscle efforts involved in a task.
Electrode Placement:
• Place a Triode electrode on the forearm flexors on any location where one
suspects that the specific muscle efforts could be reduced.
Electromyograph Settings:
• Band-pass Filter: wide (20-500 Hz) for Triode electrode, narrow (100-200 Hz)
for wide lead electrodes
Procedure:
• Have trainee sit quietly at the computer workstation with his arms and shoulders
relaxed.
• Apply electrodes and then have trainee type or mouse.
• While trainee continues to perform the task, set the gain so that the feedback
signal is at mid-range on the visual scale.
• Then, give auditory feedback and have the trainee work at reducing the muscle
activity in those muscles being used for the task.
• Practice in an exploratory manner. For example, have trainee relax and drop his
hands to his lap; then, bring them to the keyboard and let them totally relax.
• Follow this with typing.
• Explore what happens if trainee:
1. Sits closer, higher, or lower at the keyboard.
2. Drops his shoulders or elbows while typing.
3. Uses a different keyboard (e.g., split or ergonomically designed keyboard).
• Confirm mastery by having trainee perform the typing without feedback and
compare it to the initial recording.
Feedback Observations:
• How did the signal change?
• What did the trainee experience?
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Comments:
• Most trainees can learn to reduce excessive performing efforts. Some ergonomic
keyboards can reduce the performing efforts significantly. Often it takes time to
learn and maintain awareness of excessive efforts because trainees become so
involved that they forget to take micro-breaks. Use biofeedback training to
reinforce the habit of taking micro-breaks as trainees practice reducing muscle
tension.

Peper et al, 1995, demonstrated that, after six sessions of Healthy Computing Training,
trainees could slightly reduce the muscle tension in the forearm flexor/extensor muscles
while typing as is shown in Figure 5G3-1.
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Figure 5G3-1. The effect of Healthy Computing feedback training upon
reducing the mean forearm flexor/extensor sEMG activity while typing for
seven minutes. Data was collected while the 17 subjects received no
feedback (from: Peper, E., Tibbetts, V., & Shumay, D., 1995).
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Practice G-4: On-Line Regeneration
Sit comfortably and reach forward with your right arm, pointing straight ahead with
your index finger. Now just keep holding your arm up. After a few minutes you may
feel tightness, fatigue and pangs of pain. Could you hold your arm up for 30
minutes?
For most people, a few minutes is enough to experience discomfort. Part of the
reason the discomfort occurs is because the muscle tissue has no opportunity to
regenerate.
Now let your arm drop to your side and then bring it up again. Notice that even a
momentary letting go reduces your discomfort because it allows the tissue to
regenerate. It is most likely that you could bring your arm up, hold it for a few
seconds, then drop it and repeat the cycle for hours. It would be boring; however, it
is possible. Yet, you can only hold your arm up continuously for a few minutes
before feeling discomfort.
Biological systems, which operate continuously, all have a work/rest cycle. For example,
the heart contracts (systole) and then rests (diastole); or when breathing we exhale, then
inhale. Even when we walk, the leg muscles tighten then relax, tighten then relax. When
a system stays under constant tension and does not relax, it begins to break down. This
is the concept that underlies micro-breaks; however, it is important for all activities. The
sEMG is a useful gauge to indicate that, during the activity, there are episodic moments
of relaxation so that ‘on-line’ regeneration can occur.
Purpose:
To monitor and train momentary relaxation during repetitive movement exercises
often prescribed to prevent or ameliorate CRD.
Electrode Placement:
• Place the Triode electrode on the upper trapezius (either left or right).
Electromyograph Settings:
• Band-pass Filter: Wide (20-500 Hz)
Procedure:
• Apply the Triode electrode then instruct trainee to stand up.
• If trainee is wearing high heels, have her remove them and do this exercise in her
bare feet or stockings.
• Instruct trainee to relax and let her arms hang at her sides.
• Adjust the gain so that the feedback signal is at mid-range in the relaxation area of
the visual scale when trainee’s shoulders are relaxed (even when her arms are
being swung passively).
• Set the threshold to sound when the signal is above mid-range.
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•

•
•

Instruct trainee to do the following exercise:
1. Lift your right hand up toward the ceiling and, at the same time, lift your left
(opposite) knee up. Do this as a hopping motion so that, as your right hand
and left knee go up, you rise on your right toes.
2. Then, let your right arm freely swing down and bring your left foot down.
3. Repeat with the opposite side by lifting your left hand toward the ceiling
while simultaneously bringing your right knee up.
4. Then allow them to come down again.
5. Let your arms swing freely as you alternate sides.
6. Do this in a playful manner.
Be sure to use the feedback so that, with each drop of an arm, the feedback goes
beneath threshold (this means that, if the electrode is on the right trapezius, the
muscle tension is low when the right arm is hanging down.)
While doing the above exercise, remind trainee to do the following:
1. Continue to breathe during movement.
2. Have fun.
3. Let your arms swing freely.
4. Keep your neck and jaw relaxed.
5. Do NOT strain and force.

NOTE: Most important is always to allow the muscle to relax as it drops before the arm
is raised again.

Before Training

After Training

Figure 5G4-1. sEMG recording during cross crawl exercise. The initial
practice (Before Training) shows that the trapezius continued to be
tightened during all phases of the movement. With sEMG feedback, the
trainee learned to relax between raising his arms (After Training).
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Feedback Observations:
• How did the signal change?
• What did the trainee experience?
Comments:
• Initially, most people do this task too quickly and with too much effort and do not
relax their shoulders whenever their arms drop. After some training most
individuals can learn to do this. It usually means that the trainee must go slower
and pause to allow the regeneration, as shown in Figure 5G4-1.
• Apply this concept to other movements that the trainee may do repetitively, such
as reaching for a reference book. Does the trainee allow the muscles to relax after
the movement?
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Practice G-5: Low Arousal Feedback Training
Purpose:
To use sEMG feedback to encourage low muscle tension for longer time periods.
Electrode Placement and Electromyograph Settings:
• Wide electrode placement while monitoring various muscle regions include:
1. Head/frontal placement. Place one wide (active) electrode on the right side of the
forehead and the other over the left side of the forehead; place the reference in the
center or use narrow placed electrodes as shown in Figure 5G5-1. This location
reflects any tension in the face, such as frowning, tensing the eyes, clenching the
jaw, and many of the emotional facial responses. Use this placement to encourage
facial and emotional quieting.
Electromyograph Settings: Gain at 1X; Band-pass Filter: Wide (20-500 Hz)

Wide placement

Narrow placement

Figure 5G5-1. Wide and narrow frontal electrode placement.
2. Wrist-to-wrist. Place one wide (active) electrode on the dorsal surface of the
wrist and the other on the opposite wrist as shown in Figure 5G5-2. Place the
reference on the ulnar styloid process (Blaesi, Hinson, & Peper, 2006).
Electromyograph Settings: Gain at 1X; Band-pass Filter: Narrow (100-200Hz)
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3. Forearm-to-forearm. Place one wide electrode on the middle of the right forearm
extensor muscles and the other on the left forearm extensor muscles; place the
reference on the wrist. Use this placement to encourage relaxation of neck,
shoulders, arms and, especially, hands.
Electromyograph Settings: Gain at 1X; Band-pass Filter: Narrow (100-200Hz)
4. Leg-to-leg placement. Place one wide electrode on the center of the right tibialis
anterior muscle and the other on the left tibialis anterior muscle; place the
reference on the left knee as shown in Figure 5G5-2. Use this placement to
encourage relaxation of feet, legs, buttocks and hips. (Optionally, place the two
active electrodes on each of the ankles for an ankle-to-ankle placement).
Electromyograph Settings: Gain at 1X; Band-pass Filter: Narrow (100-200 Hz)

Wrist-to-wrist

Leg-to-leg

Figure 5G5-2. Wrist-to-wrist and leg-to-leg electrode placement.
Procedure:
• Have trainee either sit comfortably in a recliner chair with his head supported or
lie down on a mat or bed with a pillow under his head and a pillow under his
knees.
• Be sure that trainee’s waist is not constricted (belt is loose, and zipper somewhat
undone) and that there are no constrictions around his neck (loosen tie).
• Apply electrodes in one of the above three placement locations.
• While trainee is relaxed, adjust the gain so that the feedback signal is mid-way on
the visual scale.
• Say to trainee: “As you explore the following relaxation strategies, listen to the
audio feedback. Whenever the audio signal decreases, allow that state to expand.
If the audio signal increases, stop what you are doing and let go or do something
else. Let the feedback signal guide you as you sense your body and thoughts.”
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•

•

•

Explore possible relaxation strategies and gently observe what happens to the
signal. Strategies can include imaging being relaxed on the beach, feeling oneself
sinking and giving in to gravity, gentle effortless diaphragmatic breathing, reexperiencing/evoking a past positive emotional memory.
If the feedback signal decreases, continue with that approach. If the signal
increases, let go of that approach and wait for a moment to allow the feedback
signal to decrease. Observe what appears to be associated with the signal
increasing. Explore ways to inhibit whatever increases the signal.
Explore this feedback training for 10 to 20 minutes.

Feedback Observations:
• How did the signal change?
• What did the trainee experience?
Comments:
• For many trainees, the moment they “try” to relax they tense slightly. Let the
trainee listen to the signal in a more absentminded way with less “goal
orientation.” We often talk about the following urination analogy:
If there is urine in the bladder, most people can easily go to the bathroom and
urinate. However, when there is a demand to give a urine sample in a physician’s
office, it is often impossible to urinate. At that point, one has to distract oneself,
relax or even turn on the water faucet. Eventually, most people are able to
urinate.
A similar process is involved in relaxation. It occurs by allowing, or by evoking, an
experience and not by forcing or striving. Each of the electrode placements provides
different observations:
•

Frontal placement. Each time the trainee swallows or blinks, the sEMG increases.
However, that is normal. Usually, as the trainee relaxes, the swallowing or
blinking rate decreases. For many trainees the feedback signal will decrease
when they gently close their eyes, relax their jaws and feel as if their eyes are
sinking into their sockets, while they gently listen to the feedback sound. If the
trainee starts thinking, the signal may increase slightly. Use the feedback signal as
a reminder to let go of the thoughts or emotional experiences. For some,
especially those who are vigilant, closing the eyes may increase sEMG. If eye
closing is experienced as threatening or a loss of control, allow trainees to keep
their eyes open. Looking downward at about a 30-50° angle often decreases the
tension. The experience, to some extent, is to allow the eyes to “become soft and
sink into their sockets.”
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Arm to arm placement. Each time the trainee inhales, especially if he gasps or
sighs, the sEMG increases. There should be only a slight increase in tension near
the end of the inhalation. As the trainee learns more diaphragmatic breathing, the
sEMG activity will generally decrease. If the tension is high at the beginning,
have the trainee wiggle and shake his whole body or gently drop his chin and
head down so it is hanging from the tendons of his neck. This may decrease the
tension.
Leg to leg placement. The sEMG activity should generally be low. Sometimes
the effect of respiration is observed. The sEMG activity increases near the end of
the exhalation phase as the trainee pulls his abdomen in and his pelvic floor up
while exhaling. This pattern is normal and increases as the trainee breathes slower
and more diaphragmatically. If tension is present, have the trainee wiggle his legs
and check if he is holding his legs tightly in order to feel stable. Can he let his
legs and hips relax without fear of falling?

2006 Peper and Hughes Gibney

118 MUSCLE BIOFEEDBACK AT THE COMPUTER

Practice G-6: Mastering Dynamic Relaxation
After twenty minutes I feel refreshed. I am calmer and can better focus my
attention.
Purpose:
To use sEMG feedback to facilitate dynamic relaxation.
Electrode Placement:
• Triode electrode locations to identify whether a muscle is relaxed or remains
relaxed while other muscles are tightening. Possible locations can include
forearm, trapezius, masseter, or any muscle that may covertly tighten.
• Wide placements, such as frontal, scalene-to-trapezius, wrist-to-wrist or leg-to-leg
(ankle-to-ankle) can be used to monitor whether the person has actually relaxed
the body instead of “thinking that he/she did.” The same placement can also be
used to monitor dysponetic muscle activity (inappropriate tightening of muscle
not necessary to tighten).
IMPORTANT: Read this entire practice prior to proceeding. Included herein are
detailed guidelines and instructions for home practice.
Procedure:
• Have the trainee sit in a comfortable position with her head supported. An
alternative position is to lie down with a pillow under her head and another under
her knees.
• Place the electrodes as suggested to monitor:
1. Differential relaxation (inhibition of dysponesis). Some recommended
electrode locations are:
• Trapezius, to inhibit shoulder bracing if the trainee is tightening and
letting go of her hands, legs or feet. The goal would be to have no
trapezius activity during the hand, leg or foot movement.
• Masseter, to inhibit jaw clenching when the trainee is instructed to tighten
and let go of her hands, feet, buttocks, or legs.
2. Confirmation of rapid relaxation after minimal tightening. Some
recommended electrode locations are:
• Forearm, after flexing her wrist or making a fist.
• Trapezius, after raising or lowering her shoulders.
• Tibialis anterior, after flexing her ankles.
• Right and left forearm wide electrode placement for any arm, shoulder or
neck tightening.
• Right and left tibialis wide electrode placement for any feet, ankle, thigh
or buttock tightening.
• Right and left frontalis or masseter, wide electrode placement for any jaw,
mouth, eyes, and forehead tightening.
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3. Continued relaxation of muscles to encourage an anabolic state for
regeneration. Recommended electrode locations are:
• Right and left frontalis or masseter, wide electrode placement to
encourage profound facial relaxation, which is often associated with a
release of disruptive or stressful thoughts.
• Specific muscle locations that are observed or reported by the trainee as
tense. These often include hand, arm, shoulder or even leg and feet
movements.
Factors that Affect Relaxation
• Before beginning, be sure to optimize the relaxation training by following the
guidelines adapted from the book Make Health Happen: Training Yourself to
Create Wholeness by Peper, Gibney and Holt, 2002.
• Be sure the trainee can stay in this position undisturbed for twenty or thirty
minutes. In order to learn relaxation and regeneration techniques, you want to
optimize the conditions under which the trainee may relax. These conditions
involve the reduction of stimuli impinging upon relaxation—physical /
environmental and psychological / internal. In addition, you may also adopt
behaviors that encourage success.
Physical Variables:
1. Select an environment where:
A. Training will not be interrupted (unplug the phone, put a note on the outside of the
door, inform others that you are going to begin training, etc.) It may be important
to explain what you are doing to your family, housemates, or significant others.
Enlist their support. With young children, you may need to time your relaxation
during their naps. Similarly, it is better to leave the dog or cat outside the room.
B. Noise is minimal (not next to TV or recreation room).
C. Lighting is subdued, not harsh or glaring.
D. Temperature is comfortable (a cold room makes it difficult to relax; a warm room
may induce sleepiness).
E. Chair, bed, or carpet on which training is done is comfortable and provides good
support.
2. Choose the position for training that is most comfortable for you—either lying down
or sitting. If you tend to fall asleep very easily or are quite tired when doing these
practices, you will probably do better in a sitting position.
A. If lying down, you may want to place a pillow underneath your head so your neck
and shoulders are comfortable. Place a pillow underneath your knees so that your
lower back is not strained. Be sure that the surface beneath is comfortable (use
carpet or foam). Make sure your legs are not crossed and that your toes are
pointing outward. Keep your arms at your sides and not touching your trunk.
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B. If sitting, make sure that the chair offers sufficient support so that you do not fall
over when you relax. Make sure that the height of the chair is such that your feet
are flat on the floor and that there is not undue pressure on your thighs (if the
chair is too high, place a telephone book, pillow or stool under your feet). Sit
with your legs and feet uncrossed and with your thighs relaxed so that your legs
are slightly separated. Let your arms rest on the arms of the chair (if present) or
rest them gently on your lap. Let your head either hang forward or be supported
by the back of the chair. Be sure your neck is not strained. A recliner is great.
3. Scan your body and check if there is anything impinging upon and/or constricting it; if
present, loosen or remove those items.
A.

Often we become unaware of the constricting nature of our clothing. For
example, when you first put on your shoes in the morning, you may "feel" the
shoe enclosing your foot, yet after a few minutes you are unaware of the shoe.
When you scan (i.e., feel what is going on inside) your body and attention is
brought to your foot, you again become aware of the shoe. During relaxation, we
often become aware of constricting sensations and are distracted from the process
of relaxation. Check for such items as shoes, a tight collar, tie, wig, glasses,
contact lenses, socks with elastic tops, hair barrette or rubber band, watch, ring,
heavy pendant, wallet or keys in pocket, belt, bra, or girdle. If you are working in
a group and are uncomfortable about loosening personal items, go through the
exercise as best you can, and next time you practice make sure to dress so that
these items are not a problem.
B. Items that appear comfortable in our normal posture may physically prevent the
process of relaxation. For example, jeans that are tight across the abdomen
prevent the letting go and expansion of the abdominal wall. They force thoracic
breathing and prevent the more relaxing diaphragmatic breathing. Check for
these items such as belt, waistband, tight pants, or panty hose.
C. An item that appears comfortable in our normal posture may demand bracing
while we relax. For example, if you are wearing glasses and your head tilts
forward during relaxation, you may tend to tighten your neck muscles to prevent
your head from nodding and your glasses from falling. Similarly, a woman with a
short skirt may hold her knees together and not let her legs relax, and people with
dentures may tighten their jaw because of the fear that the dentures may fall out.
D. A physical state may also distract us from relaxing. For example, having a full
bladder or being either very hungry or full may make it difficult to relax. Being
extremely tired may either cause sleepiness with a wandering mind, or a state of
feeling "keyed-up". Avoid caffeine for at least two hours prior to relaxation.
Psychological Variables:
There are certain attitudes of the trainee that encourage relaxation. These include:
1. Passive attention. This is an attitude of non-striving, of allowing versus forcing or
trying, and is characterized by the absence of concern for performance and end result.
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2. Non-judgmental acceptance. This attitude includes not explaining, interpreting, or
labeling an experience as good or bad, but letting it be and describing it without
judgment. It implies not comparing an experience to another but rather experiencing
each new situation afresh. (Watch out for phrases such as "because...", "the reason
is..." or "I should..."). Also, if thoughts and feelings arise, instead of pushing them
away, gently accept them and release them.
3. Mindfulness. This is an attitude of remaining present, watchful, and aware of what is
happening without becoming involved or captured by the images or feelings. Being
truly present implies the absence of anticipating, ruminating, or mind wandering.
Behavioral Variables
There are a number of strategies that facilitate home practice and generalization of
relaxation skills. The following are a few suggestions:
1. Keep a log of situations when you do and do not practice. This enables you to select
those situations that encourage practice. For example, you may find that you practice
a relaxation skill with another person more often than by yourself—hence, you
structure your practice time with a friend or fellow classmate.
2. Schedule a regular practice time and associate it with an existing behavior. For
example, you may practice after watching the evening news or before dinner. It is
preferable not to practice too soon after a large meal. If you tend to fall asleep easily,
it is best not to practice late in the evening. It is also best initially not to tie relaxing
with going to sleep.
3. Give yourself a meaningful reward you when you practice to reinforce your
commitment. For example, if you practice for a week, treat yourself to a movie or
special meal (Thorenson and Mahoney, 1974; Watson and Tharp, 1992).
4. Each day, allot 20-30 minutes for the practice. Think of it as a "time-out" period
during which the body/mind is allowed to relax and regenerate.
5. Record the following script and then listen to it. Generally, the time spent relaxing a
muscle is about twice as long as during tightening. Namely, when the instructions
suggest tightening the muscle, hold the tightness for about 10 seconds and then let go
for about 20 seconds. In the script the dots “…” usually indicate a short pause
allowing time to sense the experience.
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DYNAMIC RELAXATION SCRIPT
Sit or lie in a comfortable position. Loosen your belt and pants, uncross your legs,
remove your glasses and watch, and relax your shoulders. If you wear hard contacts, you
may want to remove them. Each time you are asked to tense a muscle, avoid tensing
others (tense for about 10 seconds). When you are asked to relax, let go completely and
immediately of all the tension (relax for 20 seconds).
Use the sEMG feedback to 1) identify inappropriate muscle tightening (differential
relaxation --inhibition of dysponesis), and 2) confirm that the muscles have relaxed (rapid
relaxation after minimal tightening). Focus your awareness on the sensations in your
muscles.
With your hands on your lap if sitting, or along your side if lying down, gently let your
eyes close. Then bend your right wrist so that your fingers point up. Tighten tighter and
tighter...Continue to breathe slowly and deeply from your abdomen as you bend your
wrist. While continuing to breathe, allow your lips to slightly part...gently exhale through
your mouth, whispering the sound "haaah"...Let the rest of your body remain
relaxed...Observe the sensations of tightening. Hold the contraction for about ten
seconds.
Now let go and relax...observe the contrast in feeling between the bent wrist and the
relaxed arm...stay with this relaxation…If your attention wanders to other thoughts just
bring it back to the muscles being relaxed.
Now bend both wrists. Observe the sensations of tightening...keep breathing slowly and
diaphragmatically...let the rest of your body stay soft and relaxed.…Let go and relax…
Observe the sensations and feelings of letting go...If your attention wanders to other
things, gently bring it back to the sensations in your arms...and stay with the sensations…
Now bend (flex) your arms by bringing your wrists to your shoulders and hold. At the
same time allow your fingers to stay relaxed...observe the sensations of tightening...keep
breathing ...slowly...and deeply...Be sure that your neck, your jaw and the rest of your
body remain soft and relaxed…Let go and relax and let your arms plop to your sides or
onto your lap and stay with the sensations of letting go and relaxing….
Straighten your arms and hold them parallel to the floor so that you tense your triceps
muscles (the muscles in the back of your upper arms)...let your hands stay relaxed...keep
breathing slowly and easily...observe the sensations of tightening … Let go and relax by
dropping your arms to your sides or into your lap...relax all over... Notice the heaviness
and even warmth spreading down your arms...feel your arms becoming heavier and
heavier as you relax more and more...
Frown hard while the rest of your body stays relaxed…. Let go and relax…. Then
wrinkle your eyebrows up towards your scalp. Be sure your tongue, jaw and neck stay
relaxed, soft and loose...keep breathing slowly and deeply...observe the sensation of
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tightening… Let go and relax… let your brow be smooth...observe the sensations of
relaxation...
Tighten your eyes...tighten the muscles deep in your eyes...tighten the facial muscles
around your eyes while your tongue, jaw, back of your neck and the rest of your body
stay relaxed…. Let go and relax your eyes and keep them gently closed...observe the
sensations of relaxation….
Clench your jaw and teeth...notice the tension in your jaw while your neck and shoulders
and buttock stay relaxed. Keep breathing slowly and easily…. Let go and relax. Part
your lips slightly as you exhale...let the air flow out of your mouth in a soft whispered
"hahhhhhhhh"....
Tighten your neck while keeping your face, arms, legs and abdomen relaxed. Continue to
breathe slowly and easily. Feel the tension in your neck… Let go and let your jaw stay
relaxed…
Raise your shoulders to your ears...let your face, neck and the rest of your body stay
relaxed...notice the contrast in how your shoulders feel and the rest of your body…. Let
go and relax. Let the relaxation deepen and flow into your back, neck, throat, jaw and
face...let it go deeper and deeper...feel the force of gravity pulling on your body…
Take a very deep breath and then hold your breath while your forehead, eyes, jaw, hands,
buttocks, legs, and feet stay relaxed. Notice the tension in your chest and shoulders.
Allow your shoulders to let go and relax, even while you still hold your breath… Let go
and relax. Exhale and feel the release… Then let the breathing go in and out normally.
Notice that with each exhalation you feel more and more relaxed...let your chest be loose
and soft as you breathe out…. (focus only on the exhalation, allow inhalation to occur by
itself).
Take another deep breath...hold your breath while you allow your neck and shoulders to
be relaxed… Let go and relax and exhale. Feel yourself let go of the tension...let the
relaxation spread to your shoulders, neck, back, and arms...
Tighten your stomach, as if you were to receive a blow there...make it solid while
relaxing your face, jaw, neck, shoulders, arms, and legs… Let go and relax and notice the
well-being that accompanies your relaxation…
Suck your stomach in and hold it… Let go and relax and allow your breathing to go
easily...in and out. Notice your whole lower abdomen expanding as you inhale...and
flattening as you exhale. Allow your whole body to relax as you exhale… Feel the
heaviness in your arms and legs… Gently attend to the movement in your abdomen…
Note how your stomach goes up as you inhale and down as you exhale… Let your
attention stay with the movement of the abdomen for two to five minutes and if your
attention wanders just gently bring it back… 1
1

At this point you may continue to use sEMG feedback for an extended period to promote relaxation
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Now, arch your lower back so there is a space between your back and the chair or floor...
feel the tension along your spine and back while your legs and the rest of your body stay
relaxed… Let go and relax. Feel your spine and back sinking into the chair or mattress.
Feel your whole upper body relaxing and getting heavier…
Tighten your buttocks while your abdomen and the rest of your body stay relaxed...keep
breathing slowly and gently… Let go and relax. Feel your buttocks sinking into the chair
or mattress...
Press your knees and ankles together and curl your toes while your face, shoulders
abdomen and arms stay relaxed… Let go and relax. Allow your knees and ankles to
separate. Feel the heaviness in your legs, ankles and feet…
Now listen to the sEMG auditory feedback (see Practice G-3: Reducing Performing
Efforts). Let your whole body be supported by the chair or bed. Feel the gentle
heaviness, and sense the rising and falling of your abdomen as you inhale and exhale.
And, if your attention wanders or if the sEMG signal increases, let go and gently bring
your attention back to your abdomen and allow the sEMG signal to decrease.
Continue until you feel ready to stop. Then, take a deep breath, slowly sit up, gently
open your eyes, and stretch. Observe how you feel and how you perceive your
environment. Do you notice a difference in brightness, clarity, vividness, aliveness,
and/or depth of vision?
Observations:
• Trainees usually feel more relaxed after the practice. Some feel more alert and
renewed while others feel sleepy. Those who feel sleepy were generally exhausted
beforehand and the practice puts them into contact with their feelings.
•

sEMG feedback is used to monitor and train the differential relaxation. The trainee
learns to inhibit tightening other muscles and to check that the muscles relax rapidly
after tightening. If other unintended muscles continue to tighten when tensing a
muscle group, or if the muscles do not relax, use sEMG training for mastering
relaxation, awareness and inhibiting dysponesis.

•

It usually takes a few sessions before the trainee has mastered the skills.

•

When feedback is used to deepen relaxation, the focus is to lower the sEMG activity.
Obviously, if monitoring the frontalis or masseter, the sEMG will increase
momentarily every time the trainee swallows. Unless this occurs very often, it is very
normal. The feedback signal can be used to deepen the relaxation in that it may
signal the trainee that his mind is wandering. Hence, it can be used to teach the
trainee to just let go.
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Practice G-7: At Work with the Electromyograph
Purpose:
To integrate sEMG feedback training into the work setting.
Electrode Placement:
Use the following Triode electrode locations:
• Forearm to monitor microbreaks
• Upper trapezius to monitor shoulder relaxation during data entry
• Masseter or forehead to monitor the face while looking at the screen
• Deltoid to monitor muscle tension while typing or during mouse use
• Forearm to monitor excessive typing efforts
Electromyograph Settings:
• Internal switches: Alarm ON
• Band-pass filter: Narrow for upper trapezius (100-200 Hz); wide for other
placements (20-500 Hz)
A useful function on the MyoTrac is the “alarm function”. This allows the auditory
feedback signal to turn on only if the muscle tension is above threshold for four seconds
[For the MyoTrac 4000 set the internal lock ON/OFF switch to the OFF position,
otherwise, when the alarm sounds, it will not go off when the sEMG signal actually goes
beneath threshold.] If the muscles relax within four seconds, no alarm signal is given.
This is very useful for monitoring muscles that are not needed for a task or that are used
only for short movements. For example, the upper trapezius should stay relaxed most of
the time; however, when moving the arms or hands over the keyboard, such as pressing a
function key on the top of the keyboard, the shoulders may have momentary muscle
activity. If the trainee then relaxes, no alarm signal would occur. Yet, if the tension
continues for more than 4 seconds, the alarm would go on.
Similarly while mousing, the trainee may use the deltoid muscle for arm movement.
However, deltoid muscle tension should only occur during actual arm movement. After
the movement, the muscles should relax. The alarm would remind the trainee to relax the
muscle.
Procedure:
• While sitting at her normal computer workstation, have trainee work with the
MyoTrac, using it as a helpful reminder and training device.
• Now instruct trainee to begin normal computer work. While working, have her
listen to the feedback signal. If the alarm goes ON, instruct her to relax the
specific muscle group and then continue to work. Use this approach to explore
the following strategies with sEMG feedback:
1. Take micro-breaks (forearm or trapezius sEMG) and integrate them into the
work style. Set the feedback signal so that auditory feedback occurs beneath
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threshold. Place electrodes on forearm extensors and adjust the threshold so
that the visual feedback signal is in the middle of the green range when
relaxed (at this moment the sound is ON). The moment the sEMG increases,
which occurs during typing, the muscle tension increases and the sound turns
off. Have trainee relax at 30-second intervals and wait until the low sEMG
signal has been achieved, then continue to work again.
2. Inhibit jaw clenching, frowning and squinting while looking effortlessly at the
monitor (frontalis or masseter sEMG).
3. Inhibit raising and tightening her shoulders while typing or using the mouse
(trapezius or deltoid sEMG)
4. Reduce excessive performing efforts, which are movements or tension beyond
that which is necessary for the task. For example, during data entry, a trainee
may pound the keys; whereas, with feedback a trainee may learn to type using
the minimum muscular efforts (forearm sEMG).
Practice the above explorations for 15 to 30 minutes while working at the computer.
Feedback Observations:
Following are some of the major challenges that occur when integrating the feedback
training into the work setting include.
Challenge: Getting so caught up in work that the feedback signal is forgotten.
Suggestion: Begin the practice with a simple computer task that does not take too
much concentration and schedule 5 to 10 minutes of practice.
Challenge: Feeling embarrassed: “What will the other employees or my supervisor
think?”
Suggestion: Demonstrate the sEMG feedback with other colleagues so that they can
see the advantage of using the device.
Challenge: It appears impossible to relax the shoulders or face while working.
Suggestion: Practice outside the work setting until the basic skill is acquired.

2006 Peper and Hughes Gibney

127

6. PUTTING IT ALL TOGETHER
The hipbone is connected to the thighbone, the thighbone is connected to
the…
A comprehensive CRD prevention program integrates a sEMG physiological profile with
monitoring and biofeedback training. Monitoring includes determining the best
ergonomic set-up, assessing work style, and obtaining objective measurement of trainee’s
progress in mastering self-awareness and healthy work habits. Training includes
mastering somatic awareness skills, developing stress management skills and, most
importantly, changing work habits. Putting it all together in a systems perspective
provides trainees with lasting skills to promote and maintain health. They learn healthy
work habits, ways to adjust the work setting for themselves, awareness of their physical
and emotional response to their work setting, stress management, exercises to promote
regeneration, techniques to protect their eyes, and methods for maintaining physical
performance. In essence, trainees learn mastery of the eight components of healthy
computing.
Healthy Computing with sEMG feedback can also be done in a group where biofeedback
is used to demonstrate a specific concept, such as the common dysfunctional habit of
raising shoulders when typing at the keyboard. If possible, have trainees practice the
sEMG skills with co-workers. They are often valuable resources for information. Just
sharing how one feels and talking about the experience of discomfort, or comfort, while
working at the computer increases social support and encourages implementation of the
program. Co-workers can act as reminders and motivators. Working together is usually
more fun—one does not feel alone. It is always surprising how many others have similar
symptoms of discomfort.
Whether you begin your healthy computing program as an individual or with a group,
understand the systems perspective by reviewing the concepts described in Chapter 3 –
Systems Perspective to Healthy Computing. Following this review, begin your program
with a psychophysiological profile and, when done, complete the Work Style and
Symptom Questionnaire. Then review the responses on the questionnaire and offer
suggestions to reduce risks as described in Suggestion to Reduce Work Style and
Symptom Risk. Continue with an ergonomic assessment by surveying your worksite
with the OSHA’s Ergonomic Checklist. Integrate sEMG feedback assessment into a
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comprehensive approach by using the monitoring strategies described previously in G-7:
At Work with the Electromyograph. Then follow this up with implementing changes to
optimize the ergonomic conditions, as suggested and illustrated in Ergonomic
Guidelines. The key to successful training is taking control and adapting the practices to
specific work settings. Be sure to carry out the appropriate changes and modifications.
Then implement the different sEMG practices to develop awareness and mastery. Finally,
put it all together by using the eight components of Healthy Computing as described in
Implementing the Components.

Psychophysiological Profile
Begin the program with the physiological profile (see Practice 5D-1) and emotional
assessment (see Practice 5D-2) at the computer using the electromyograph. The sEMG
demonstration is invaluable to develop internal awareness of covert, inappropriate muscle
tension and to learn relaxation and control. It demonstrates to the trainee that tension is
hidden and awareness usually occurs only when it hurts. Once injury has occurred it is
more difficult to rehabilitate. The aim is prevention. Remember the adage: An ounce of
prevention is worth a pound of cure.
After the assessment, discuss the risk factors identified by the profiles. Follow this with a
short sEMG feedback training to demonstrate that change is possible. For example,
explore how to:
•
•
•
•
•

Place the hands on the keyboard and still be able to relax.
Breathe more diaphragmatically with less upper trapezius tension.
Practice micro-breaks by relaxing the forearms every 30 seconds.
Mouse with less deltoid or trapezius tension.
Change chair position or keyboard height to decrease trapezius activity.

Photocopy the Work Style and Symptom Questionnaire and have trainee complete the
form. Then explore strategies to reduce the possible risk factors.
After you complete the questionnaire, review your answers. What can you change right
now? What plans can be put into place to facilitate behavioral changes? Can you solicit
co-workers to encourage each other to take breaks? To take walking meetings? To do
stretches? To alternate/share tasks so as to avoid SIS?
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WORK STYLE and SYMPTOM QUESTIONNAIRE
Name: ______________________________________________
Date: ____________ Gender: M / F Height: ________ Weight: ______ Age: _____
How many hours per day do you work at a computer? ______
Indicate % of time at: Office ____ Home ____ Laptop ___ Airplane ____ Other _____
What pointing device do you utilize? Mouse / Track Ball / Track Pad / Other: ________
What percentage of time do you use the pointing device? __________
Briefly describe the type of work you do at the computer:
Office: ________________________________________________________________
Home: ________________________________________________________________
Other: ________________________________________________________________
Longest period working (generally) between breaks? ______ Briefest? ______
How much time do you take for lunch? __________
Do you eat at your desk while working? N / Y; If yes, how many times per week? _____
Rate your stress level by circling: 0 1 2 3 4 5 6 7 8 9 Severe
Describe: ______________________________________________________________
______________________________________________________________________
Describe exercise habits: ___________________________________________________
Fingernail length: Short / Long
Constricted waist: Yes / No
Following is a list of body areas that are commonly reported as uncomfortable for
individuals who work at computers. Please rate the discomfort that you experience in
each area during and after computing using the scale: 0 = none to 10 = Severe. Briefly
describe how you experience the discomfort.

Body Area
Neck & shoulders
Head
Eyes
Arms & elbows
Wrists & hands
Upper Back
Lower Back
Legs
Tiredness
Cold hands
Other

Discomfort
Level
_______
_______
_______
_______
_______
_______
_______
_______
_______
_______
_______

Description
__________________________________________
__________________________________________
__________________________________________
__________________________________________
__________________________________________
__________________________________________
__________________________________________
__________________________________________
__________________________________________
__________________________________________
__________________________________________

Describe what you do to reduce your discomfort while computing: __________________
________________________________________________________________________
Describe your hobbies that involve working with your hands (e.g., guitar, knitting, etc.):
________________________________________________________________________

 2006 Peper and Hughes Gibney

130 MUSCLE BIOFEEDBACK AT THE COMPUTER
Suggestions to Risk Factors
The questionnaire may identify risk factors that contribute to CRD. Discuss these with
trainee and explore specific suggestions to promote health as suggested:
Height: People shorter than 5 ft 6” often find that the keyboard, desk and monitor are
too high and that the chair is too large so that their feet may not reach the floor.
Suggestions: Optimize ergonomics and use sEMG to identify dysponesis; use
footrests to support legs.
Weight: Overweight individuals, especially if they have shorter arms, generally
reach around their bodies to be able to do data entry. This work style increases
ulnar deviation.
Suggestions: Have them try a split keyboard, which allows them to reach straight
forward when typing. Use sEMG to identify excessive shoulder and forearm
tension.
Hours spent on computer: The more time that the trainee spends at the computer,
whether at work or home, the more the risk increases unless they practice
prevention.
Suggestions: Encourage healthy computing practices. Use sEMG to identify neck
and shoulder tightening. Laptop users often look down at the screen for long
periods of time and need to learn to straighten and relax their necks and shoulders.
Pointing device use: A mouse is often operated away from the center of the body
increasing shoulder, back and arm tension.
Suggestions: Encourage relaxation of shoulder, back and arm muscles. Position the
mouse or trackball/trackpad more centrally, or use a mouse bridge. Use sEMG to
identify tension during mouse use and teach muscle relaxation.
Type of work: High workload, high responsibility and lack of control, especially
when coupled with constant deadlines, increase the risks.
Suggestions: Discuss the importance of taking control over the workload. This
often means negotiating with supervisors, increasing communications and
practicing assertiveness. Explore emotional physiological profile to identify the
physiological cost of work pressure.
Breaks: The fewer breaks the more the risk.
Suggestions: Encourage many micro-breaks and larger movement breaks. Use
sEMG to train micro-breaks.
Time for lunch: Many people are rushed and do not take time for lunch, often eating
at their desks. This work pattern increases the risk of CRD.
Suggestions: Encourage taking a lunch break and, if possible, doing some physical
activity, such as taking a short walk, during lunch. Also encourage getting away
from the computer during morning and afternoon breaks.
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Stress: The more stress the higher the risk of CRD.
Suggestions: Encourage developing and utilizing stress management techniques.
Ask if it is worth dying over. Use sEMG to teach relaxation and regeneration.
Exercise habits: Lack of physical tone increases risk of injury.
Suggestions: Encourage large movement breaks every hour while working at the
computer as well as moderate exercise three or four times a week.
Fingernail length: Hitting the keys with the long fingernails tends to cause tension
in the hands
Suggestions: Encourage trimming nails so that trainee types with the soft fingertip
pads.
Constricted waist: Tight waistband or belt limits diaphragmatic breathing thus
forcing shallow thoracic breathing. This process may contribute to cold hands and
chronic neck and shoulder tension.
Suggestions: Remind trainee that a looser belt and clothing allows diaphragmatic
breathing (suspenders are a useful alternative to a belt). Use sEMG to teach
effortless diaphragmatic breathing.
Areas of discomfort: The more discomfort, the more the risk of CRD. Usually
trainees interrupt their work when they feel the discomfort. At this point the tissue
may already be irritated and more reactive. Colder hands are often an indicator of
vasoconstriction caused by chronic tension and arousal.
Suggestions: Encourage a very active prevention program with many micro- and
large movement breaks. Use sEMG to identify dysfunctional muscle patterns and
teach relaxation and regeneration skills. For many trainees, learning effortless
diaphragmatic breathing and relaxation of the neck and shoulders while working
at the computer is very helpful. In addition, learning hand warming is both a
remedial and preventive strategy. One helpful biofeedback training strategy is to
monitor the hand temperature and teach the trainee to stop and warm his hands
each time the temperature decreases (see Make Health Happen by Peper, Gibney,
& Holt, 2002).
Reducing discomfort: Most trainees already do preventive strategies; however, they
usually do them only when they feel the discomfort.
Suggestions: Encourage trainees to practice preventive strategies much more and
before they are aware of the discomfort. Suggest that they take large breaks every
15 minutes and microbreaks every 30 seconds. Encourage gentle physical activity
such as walking, dancing, swimming, Yoga or Tai Chi.
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After the psychophysiological profile, many trainees begin to rearrange their workspace
or become conscious of work habits. Continue with an ergonomic assessment at the
work-site. Although the MyoTrac is not essential for the ergonomic assessment, it
proves invaluable in observing muscle tension as you proceed with ergonomic
adjustments since so many trainees are unaware of covert muscle tension.

Survey Your Worksite with OSHA’s Ergonomic Checklist
Healthy computing involves many factors. Besides the individual work style, personality
and biological background, the furniture and computer equipment should be
ergonomically correct. The following assessment was adapted from the Checklist
published by the U.S. Department of Labor Occupational Safety & Health Administration
(OSHA).
(For more detailed information see the website: http://www.oshaslc.gov/SLTC/etools/computerworkstations/) Use the check list to help identify
ergonomic factors that may need to be improved in order to create a safe and comfortable
computer workstation. If you check “NO,” it may indicate a problem that needs to be
resolved. Be sure to explore if the new ergonomic arrangement may present another,
non-ergonomic problem. For example, there may be social or productivity issues, such as
peers thinking that the trainee is being favored; or that the period of adjustment may
initially result in a slower pace as the trainee adapts to the work setting or incorporates
the new work style. See Chapter 8 – Challenges for suggestions on addressing some of
the issues that may arise with ergonomic adjustments.
If you are planning to replace or purchase new equipment, use OHSA’s Checklist
purchasing guide.
After filling out the checklist, implement corrective changes as suggested in the
Ergonomic Guidelines section found later in this chapter.
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OSHA’s Ergonomic Checklist
WORKING POSTURES–The workstation is designed or arranged
for doing computer tasks so it allows your tasks so it allows your

Y

N

Y

N

Y

N

1. Head and neck to be upright, or in-line with the torso (not bent
down/back).
2. Head, neck, and trunk to face forward (not twisted).
3. Trunk to be perpendicular to floor (may lean back into backrest but
not forward).
4. Shoulders and upper arms to be in-line with the torso, generally
about perpendicular to the floor and relaxed (not elevated or stretched
forward).
5. Upper arms and elbows to be close to the body (not extended
outward).
6. Forearms, wrists, and hands to be straight and in-line (forearm at
about 90 degrees to the upper arm).
7. Wrists and hands to be straight (not bent up/down or sideways
toward the little finger).
8. Thighs to be parallel to the floor and the lower legs to be
perpendicular to floor (thighs may be slightly elevated above knees)..
9. Feet rest flat on the floor or are supported by a stable footrest.
SEATING–Consider these points when evaluating the chair:
10. Backrest provides support for your lower back (lumbar area).
11. Seat width and depth accommodate the specific user (seat pan
not too big/small).
12. Seat front does not press against the back of your knees and lower
legs (seat pan not too long).
13. Seat has cushioning and is rounded with a "waterfall" front (no
sharp edge).
14. Armrests, if used, support both forearms while you perform
computer tasks and they do not interfere with movement.
KEYBOARD/INPUT DEVICE–Consider these points when
evaluating the keyboard or pointing device. The keyboard/input
device is designed or arranged for doing computer tasks so the
15. Keyboard/input device platform(s) is stable and large enough
to hold a keyboard and an input device.
16. Input device (mouse or trackball) is located right next to your
keyboard so it can be operated without reaching.
17. Input device is easy to activate and the shape/size fits your hand
(not too big/small).
18. Wrists and hands do not rest on sharp or hard edges.
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MONITOR–Consider these points when evaluating the monitor.
The monitor is designed or arranged for computer tasks so the
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19. Top of the screen is at or below eye level so you can read it without
bending your head or neck down/back.
20. User with bifocals/trifocals can read the screen without bending
the head or neck backward.
21. Monitor distance allows you to read the screen without leaning
your head, neck or trunk forward/backward.
22. Monitor position is directly in front of you so you don't have to
twist your head or neck.
23. Glare (for example, from windows, lights) is not reflected on your
screen which can cause you to assume an awkward posture to clearly
see information on your screen.
WORK AREA–Consider these points when evaluating the desk
and workstation. The work area is designed or arranged for
doing computer tasks so the work area is designed or arranged
for doing computer tasks so the
24. Thighs have sufficient clearance space between the top of the
thighs and your computer table/keyboard platform (thighs are not
trapped).
25. Legs and feet have sufficient clearance space under the work
surface so you are able to get close enough to the keyboard/input
device.
ACCESSORIES–Check to see if the
26. Document holder, if provided, is stable and large enough to hold
documents.
27. Document holder, if provided, is placed at about the same height
and distance as the monitor screen so there is little head movement, or
need to re-focus, when you look from the document to the screen.
28. Wrist/palm rest, if provided, is padded and free of sharp or
square edges that push on your wrists.
29. Wrist/palm rest, if provided, allows you to keep your forearms,
wrists, and hands straight and in-line when using the keyboard/input
device.
30. Telephone can be used with your head upright (not bent) and your
shoulders relaxed (not elevated) if you do computer tasks at the same
time.
GENERAL
31. Workstation and equipment have sufficient adjustability so you are
in a safe working posture and can make occasional changes in posture
while performing computer tasks.
32. Computer workstation, components and accessories are maintained
in serviceable condition and function properly.
33. Computer tasks are organized in a way that allows you to vary
tasks with other work activities, or to take micro-breaks or recovery
pauses while at the computer workstation.
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OSHA’S Checklist Purchasing Guide
Monitors
1. Make sure the screen is large enough for adequate visibility. Usually a 15
to 20-inch monitor is sufficient. Smaller units will make it difficult to read
characters and larger units may require excessive space.
2. The angle and tilt should be easily adjustable.
3. Flat panel displays take less room on the desk and may be more suitable
for locations with limited space.
Keyboards
1. Split keyboard designs will allow you to maintain neutral wrist postures.
2. Keyboards with adjustable feet will accommodate a wider range of
keyboard positions and angles. Adjustable feet on the front as well as the
back will further aid adjustments. Increased adjustability will facilitate
neutral wrist postures.
3. The cord that plugs into the CPU should be long enough to allow the user
to place the keyboard and the CPU in a variety of positions. At least six
feet of cord length is desirable.
4. Consider a keyboard without a 10-key keypad if the task does not
require one. If the task does require one occasionally, a keyboard with a
separate 10-key keypad may be appropriate. Keyboards without keypads
allow the user to place the mouse closer to the keyboard.
5. Consider the shape and size of the keyboard if a keyboard tray is used.
The keyboard should fit comfortably on the tray.
6. Consider keyboards without built-in wrist rest, because separate wrist
rests are usually better.
7. Keyboards should be detached from the display screen if they are used
for a long duration keying task. Laptop keyboards are generally not suitable
for prolonged typing tasks.
Keyboard Trays
1. Keyboard trays should be wide enough and deep enough to
accommodate the keyboard and any peripheral devices, such as a mouse.
2. If a keyboard tray is used, the minimum vertical adjustment range (for a
sitting position) should be 22 inches to 28 inches from the floor.
3. Keyboard trays should have adjustment mechanisms that lock into
position without turning knobs. These are frequently over tightened, which
can lead to stripped threads, or they may be difficult for some users to
loosen.
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Desks and Work Surfaces
1. The desk area should be deep enough to accommodate a monitor placed
at least 20 inches away from your eyes.
2. Ideally, your desk should have a work surface large enough to
accommodate a monitor and a keyboard. Usually about 30 inches is deep
enough to accommodate these items.
3. Desk height should be adjustable between 20 inches and 28 inches for
seated tasks. The desk surface should be at about elbow height when the
user is seated with feet flat on the floor. Adjustability between seated and
standing heights is desirable.
4. You should have sufficient space to place the items you use most often,
such as keyboard, mouse, and monitor directly in front of you.
5. There should be sufficient space underneath for your legs while sitting in
a variety of positions. The minimum under-desk clearance depth should be
15 inches for your knees and 24 inches for your feet. Clearance width
should be at least 20 inches.
6. Purchasing a fixed-height desk may require the use of a keyboard tray to
provide adequate height adjustment to fit a variety of users.
7. Desktops should have a matte finish to minimize glare. Avoid glass tops.
8. Avoid sharp leading edges where your arms come in contact with work
surfaces. Rounded or sloping surfaces are preferable.
9. The leading edge of the work surface should be wide enough to
accommodate the arms of your chair, usually about 24 inches to 27 inches.
Spaces narrower than this will interfere with armrests and restrict your
movement. This is especially important in four-corner work units.
Chairs
1. The chair should be easily adjustable.
2. The chair should have a sturdy five-legged base with good chair casters
that roll easily over the floor or carpet.
3. The chair should swivel 360 degrees so it is easier to access items
around your workstation without twisting.
4. Minimum range for seat height should be about 16 inches.
5. Seat pan length should be 15 inches to 17 inches.
6. Seat pan width should be at least as wide as the user's thighs. A
minimum width of about 18 inches is recommended.
7. Chair edges should be padded and contoured for support.
8. Seat pan tilt should have a minimum adjustable range of about 5
degrees forward and backward.
9. Avoid severely contoured seats as these limit seated postures and are
uncomfortable for many users.
10. Front edge of the seat pan should be rounded in a waterfall fashion.
11. Material for the seat pan and back should be firm, breathable, and
resilient.
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12. The seat pan depth should be adjustable. Some chairs have seat pans
that slide forward and backward and have a fixed back. On others, the seat
pan position is fixed and the backrest moves horizontally forward and
backward so the effective depth of the seat pan can be adjusted. Beware
of chairs where the back only tilts forward and backward. These do not
provide adequate adjustment for a wide range of users.
13. The backrest should be at least 15 inches high and 12 inches wide and
should provide lumbar support that matches the curve of your lower back.
14. The backrest should widen at its base and curve in from the sides to
conform to your body and minimize interference with your arms.
15. The backrest should allow you to recline at least 15 degrees and should
lock into place for firm support.
16. The backrest should extend high enough to support your upper trunk
and neck/shoulder area. If the backrest reclines more than about 30
degrees from vertical, a headrest should be provided.
17. Armrests should be removable and the distance between them should
be adjustable. They should be at least 16 inches apart.
18. Armrest height should be adjustable between 7 inches and 10.5 inches
from the seat pan. Fixed height armrests are not desirable, especially for
chairs that have more than one user.
19. Armrests should be large enough (in length and width) to support your
forearm without interfering with the work surface.
20. Armrests should be padded and soft.
21. Most chairs are designed for weights under 275 pounds. If the user
weighs more than 275 pounds, the chair must be designed to support the
extra weight.
Document Holders
1. The document holder needs to be stable but easy to adjust for height,
position, distance, and viewing angle.
2. If the monitor screen is your primary focus, purchase a document holder
that will sit next to the monitor at the same height and distance.
3. If the task requires frequent access to the document (such as writing on
the document) a holder that sits between the keyboard and monitor may be
more appropriate.
Wrist Rests
1. Wrist rest should match the front edge of the keyboard in width, height,
slope, and contour.
2. Pad should be soft but firm. Gel type materials are recommended.
3. Wrist rest should be at least 1.5 inches deep (depth away from the
keyboard) to minimize contact pressure on the wrists and forearm.
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Mouse/Pointing Devices
1. Choose a mouse/pointer based on the requirements of your task and
your physical limitations. There really is no difference, other than
preference, among a mouse, trackball, or other device.
2. A mouse should match the contour of your hand and have sufficient cord
length to allow its placement next to the keyboard.
3. If you choose a trackball, avoid ones that require the thumb to roll the
ball--that may cause discomfort and possible injury to the area around your
thumb.
4. A smaller mouse may be more appropriate especially if you have small
hands. Caution should be taken if a mouse is used by more than one
person.
5. A mouse that has sensitivity adjustments and can be used with either
hand is desirable.
Telephones
1. If task requirements mandate extended periods of use or other manual
tasks such as typing while using the phone, use a telephone with a "handsfree" headset.
2. The telephone should have a speaker feature for "hands-free" usage.
3. "Hands-free" headsets should have volume adjustments and volume
limits.
Desk Lighting
1. Good desk lighting depends on the task you're performing. Use bright
lights with a large lighted area when working with printed materials. Limit
and focus light for computer tasks.
2. The location and angle of the light sources, as well as their intensity
levels, should be fully adjustable.
3. The light should have a hood or filter to direct or diffuse the light.
4. The base should be large enough to allow a range of positions or
extensions.
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Upon completion of the OSHA’s Ergonomic checklist, review the observations and
explore specific strategies to implement recommended changes. Often, simple changes
are possible; however, the trainee may not be aware that furniture can be moved. For
example, if the monitor is too high, and is resting on the computer, it may be possible to
place the computer next to the desk on its side. Before adjusting the computer layout,
check with the trainee and/or department systems manager to verify that the changes will
not interfere with the computer system requirements. Some proprietary software may
require specific keyboards. Always work together with the trainee and also explore the
benefits of the present configuration. Unless the benefits are accounted for, the trainee
will most likely change back to the initial set-up. Use the sEMG to demonstrate that the
muscle tension can be lower when the ergonomics are optimized. The suggested
ergonomic changes usually make more sense if the trainee has experienced sEMG
feedback to observe that muscle tension is higher in incorrect positions. Include the
sEMG feedback practices as described in Section 5-E: Positions While Working to
demonstrate that the suggested changes reduce muscle tension.
Look at the Ergonomic Guidelines in the following pages for possible suggestions for
ergonomic improvements. Finish the ergonomic session by setting achievable goals and
defining areas that require assistance from supervisors:
• What is the problem?
• What other material(s), information or corporate support is needed?
• What do you need to do to solve the problem?
• How will you do it?
• When will you do it?
• When is a follow up session scheduled to review the changes?
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Ergonomic Guidelines
Good ergonomics means adapting the equipment and the environment to the individual,
and not the individual to the equipment and environment. Ergonomic factors affect work
efficiency and productivity, as well as safety and health. In the office environment it
includes the design and organization of the work desk, keyboard, monitor, chair, mouse,
light, noise, drafts, and air temperature and quality, as well as the software, intervention
programs and support materials. An uncomfortable chair, a misplaced monitor, a mouse
that is too far forward, all can contribute to discomfort and illness. Even the telephone,
especially when tucked between the shoulder and the ear, can be a factor that adds to the
CRD/SIS symptoms caused by office work. This has been observed in call centers and
other jobs that require continuous simultaneous use of the telephone, mouse and
keyboard.
Continuous work in an unnatural position, in which the joints are not in neutral position,
is one of the risk factors for injury. Many people sit at an angle and rotate to one side to
look at their monitor. They stay in this frozen position and forget to move while working
at the computer. Often work or play tasks demand uncomfortable positions associated
with intense concentration, which increase SIS risk. For example, architects and
engineers use CAD/CAM software that demands fine mouse control; children are
captured by the increasing complexity and demands of computer games.
Normative (average) ergonomic values and recommendations suggest that guidelines
exist for the “average person.” However, average people do not exist (the average person
is ½ male and ½ female). Every person is an individual whose parts may vary from the
norm.
The statistician thought it was safe to cross the river because it was, on the
average, two feet deep. He drowned.
Even a group of people of similar height can significantly differ in the length of
their trunk in relation to their limbs.

Ergonomics must be appropriate for the individual and not for the average.
Myth:
One type of chair, monitor or keyboard fits all.
Fact:
Chair height, monitor height and keyboard height need to be
appropriately matched for each individual. Like shoes, one size does
not fit all. The chair, monitor and keyboard may all contribute to
computer-related disorders; however, many other factors (e.g., work
stress and work style) need to be addressed.
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Too small – NO

Too big – NO

Figure 6-1. Matching the right chair and keyboard for the person.
Myth:
Better ergonomics cost a lot of money.
Fact:
Better ergonomics may be achieved with an old phone book and a saw. If
you’re handy with tools, make a plywood foot rest. Bring your monitor up
to the right height with a couple of books. Lop off a couple of inches from
the legs of your desk to bring the keyboard lower. Bring in a pillow for
lumbar support. Be creative. If you do have money for new equipment,
beware: furniture labeled “ergonomic” may not be so if it isn’t adjusted
properly to your needs.
Following are basic ergonomic guidelines. It is important to remember that there is no
perfect ergonomic set-up; compromises are most often made. When making adjustments,
discuss the options with the individual and together decide what works best. Use the
MyoTrac to help determine the healthiest set-up within the parameters of the job
requirements, workspace and budget. A useful strategy is approaching the ergonomic
challenge as practice in problem solving. (For more details in how to do problem solving
see Chapter 7 – Taking it to the Work Place, Week 3 Handout: Problem Solving.)
This section will offer guidelines for arranging monitors/flat screens, keyboards, pointing
devices, chairs, desk/workstation, telephone and laptop.
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Monitor
• The monitor should be placed directly in front of the individual only if that is the
primary focus. (Does the employee look mainly at the monitor while working?)
Resource materials should be placed on a document holder either directly to the
side of the monitor or on a slanted surface in front.
• The top of the screen should be at about eyebrow level; the individual should
view the monitor with eyes (not the head) slightly lowered (approximately 30°) to
avoid dry eyes.
• Ideal viewing distance is 20” to 24” (50 – 60 cm); the size of the characters on the
screen may influence monitor placement.
• Reduce or eliminate screen glare from windows and indoor lighting.

Twisted and to the side – NO

Straight ahead – YES

Figure 6-2. Example of monitor placement in which trainee has to twist to
see, versus a monitor that is straight-ahead.
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Keyboard
• The keyboard should be positioned directly in front of the trainee to allow the
upper arms to hang straight down from the shoulders, with elbows at the sides and
bent at 90 to 110 degrees. The forearms and wrists should remain in a relaxed
position with very little angle at the wrists (preferably a straight line from the
elbows to the hands) to allow flow typing.
• An excellent ergonomic set-up includes a height-adjustable keyboard tray with a
negative tilt and room for the mouse or trackball.

Keyboard on desk – NO

Keyboard tray – YES

Figure 6-3. Example of a keyboard arrangement in which the trainee has
to lean forward and reach, versus placing the keyboard on a keyboard
tray.

Pointing Device
• The mouse or trackball should be placed next to the keyboard with enough room
to move freely. If the keyboard can be split, placement in the center is better for
smaller individuals (individuals with a wide girth or long arms may find central
placement uncomfortable).
• If the keyboard is wide (some “ergonomic” keyboards are wider than standard),
the trainee may have to reach, even though the mouse is adjacent to the keyboard.
Inquire how much he uses the mouse. If the mouse is used more than the
keyboard, shift the keyboard to the side; if the 10-key pad is used infrequently,
recommend that a mouse bridge be placed over the pad.
• Observe how trainee works: angle of wrist, gripping or loose, waiting with finger
poised to pounce on the mouse when the computer has completed a processing
task.
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Mouse far away – NO

Mouse more central – YES

Figure 6-4. Example of a trainee reaching to use the mouse, versus a more
centrally located mouse.

Chair
• The chair should be adjusted to a height that allows the trainee to sit with full
back support, feet flat on the floor. Pressure on the back of the thighs is caused by
a chair being too high (feet dangle). Too deep a seat bottom may cause pressure
on the calves near the knees.
• Armrests (not always recommended) should provide support and not interfere
with working. Elbows and forearms should rest fully and comfortably without
pressure; the shoulders should not be pushed up.
• Chairs that adjust for seat and back height, seat pan angle, chair back tilt, and that
can be unlocked to rock, offer the most options for comfort. Trainees should
learn to adjust their chairs to give them correct support for the task that they are
performing (e.g., seat pan lower in front and chair back tilting forward when
working at the keyboard; seat pan level, chair back straight and in the
unlocked/rocking position when talking with a visitor).
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Myth:
The perfect ergonomic chair exists.
Fact:
It is true that some chairs are better than others. As each individual
varies so must the chair that is best suited to them. No chair will be
perfect, but here are some things to look for: adjustable height, a seat
pan that can angle forward, support for the lower back and, if needed,
adjustable arm rests. Never buy a chair sight-unseen -- it is important
to sit in a chair for a few hours, if possible, to determine if it is right
for you. Shorter-legged people will want to make sure the seat is not so
deep that it cuts off circulation at the knees. If you have wide thighs,
don’t squeeze yourself into narrow chairs. Most importantly, do not
sit for long periods of time. Instead, get up and get out of your chair
many times during the day.

Legs dangling – NO

Feet on floor – YES

Figure 6-5. Example of sitting on a chair that is too high and causes the
legs to dangle, versus a chair height that allows the feet to rest on the
floor.
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Desk / Workstation
• The writing surface should be at about the same height as the trainee’s elbows,
when sitting erect with feet flat on the floor, and arms hanging down at his sides.
• When the keyboard tray or desktop is thicker than 2 inches (5 cm) the trainee has
to either raise his shoulders or abduct his arms to type. This is because there is no
room for his upper arms to hang straight down when his elbows are bent at about
90 degrees.
• The adjustable keyboard tray should be affixed underneath the writing surface.
• There should be sufficient legroom (no boxes stored underneath) and work
surface on top to allow for freedom of movement.

Limited legroom – NO

Space for movement – YES

Figure 6-6. Example of limited legroom versus space for leg and foot
movement.

 2006 Peper and Hughes Gibney

PUTTING IT ALL TOGETHER 147
Telephone
• The telephone should be near the individual, within minimal reach.
• To prevent cradling the phone between shoulder and ear, the trainee should hold
the phone in one hand then, when searching or writing, set the phone down, use a
speakerphone, or install a headset.

Cradling – NO

Headset – YES

Figure 6-7. Example of cradling the phone, which usually increases neck
and shoulder tension, versus using a headset.

Laptop

Figure 6-8. Example of hunched-over posture when working at a laptop
computer.
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More and more people use laptop computers at home, as well as on the road and at work.
The laptop now outsells desktop computers. Its advantages—compact features and
attached screen—also increase health risks. The condensed keyboard and smaller
attached screen limit the ability to adjust and arrange the computer to suit your size and
physical needs. When the keyboard is at the correct height, the screen is usually too low.
We tend to bend forward to see the text, craning our necks. The smaller screen and faulty
room illumination make reading the text and symbols more difficult, resulting in
increased eye and neck strain. Similar problems apply to smaller handheld palm
computers. The smaller the screen, the smaller the keyboard, the smaller the writing
surface; the more the body needs to be stabilized.
A pragmatic solution, at home or in the office, is to connect the laptop to an external
monitor, keyboard and mouse as shown in Figure 6-9. Many laptops can be connected to
a docking station to connect and disconnect rapidly; USB ports increase the ease to
connect external devices. If a docking station is not available, such as when traveling and
working in a hotel, use a phone book to elevate the computer. You may even want to
carry a lightweight keyboard with you so that you can elevate the laptop.

Fig 6-9. Correct and incorrect body position while using a laptop computer.
Reproduced by permission from www.backshop.nl.
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working in a hotel, use a phone book to elevate the computer. You may even want to
carry a lightweight keyboard with you so that you can elevate the laptop.

Fig 6-9. Correct and incorrect body position while using a laptop computer.
Reproduced by permission from www.backshop.nl.
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Training
Develop your own training program utilizing the information gleaned from the
physiological profile, work style and symptom questionnaire, and ergonomic assessment.
The various steps in this program can be done either in a group or with an individual.
Crucial to effective training is support from supervisors, co-workers and family. It is
important to remind all that choosing health does not have to be expensive and time
consuming. For example, taking short micro-breaks while working, or making simple
ergonomic adjustments, such as moving the monitor, can reduce the risk of injury
significantly. Training usually takes only 5 or 6 hours, over a 5 or 6 week period.
However, the important part is incorporating the skills into one’s work style. This is not
any different from learning and generalizing any skill. Initially, it feels awkward and may
interrupt work performance. However, with diligence, a higher level of work
performance can be achieved and the risk of injury greatly reduced.
Important to success is practice and transferring the skills into the work environment.
The steps consist of:
1. Learning the skills (e.g., mastering micro-breaks, regeneration, relaxation and
awareness).
2. Practicing the skills in a variety of settings (e.g., when composing a letter, during
data entry and when working under pressure). It is especially helpful to include as
many identical elements in the work setting as were present in the practice
settings.
3. Receiving feedback to indicate performance and mastery.
4. Continuing to perform tasks with interval cues as guides (e.g., external reminders
to practice the skills, such as dropping your hands to your lap at the end of each
paragraph or breathing diaphragmatically every time the phone rings).
As individuals gain mastery of the Healthy Computing skills, productivity increases. The
reward for making the changes and acquiring the skills can be a healthy work
environment with a pain free employee working at peak performance and creativity.
The learning process is similar to that of learning to drive a car. Remember that initially
it took complete concentration to shift, turn, and look at the road. It seemed almost
impossible to learn. Now, after years of driving, we perform these activities with such
ease that it is almost automatic. At times we arrive at our destination without ever
knowing how we got there. We can now drive while supervising the kids in the back seat,
listening to the radio, talking on a cell phone, and getting the money ready to pay the
bridge toll.
Note: For in-depth instructions to take this program to work place see Chapter 7 Taking It To The Work Place.
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Integrating the Components
1. Review the observations and suggestions from the physiological profile and ergonomic
assessment. Implement the ergonomic changes and, if possible, share with others your
approach to achieve and maintain health while computing. Discuss the systems
perspective of computer-related disorders including work style, ergonomics, somatic
awareness, stress management, regeneration, vision care and stretching /
strengthening / movement and positive work setting. Analyze the following:
• What changes you have already done
• What changes you would like to make
• What you need to implement the changes
• What could interfere with implementing the changes
When working with groups, allow the participants to brainstorm and suggest ways to
solve the problems.
2. Begin with the sEMG feedback explorations. Explore dysponesis (see Section 5-A:
Monitoring from the Forearm and Section 5-B: Monitoring from the Neck and
Shoulders). Follow this with the practice of micro-breaks while working. Then
practice awareness of minimal tension with sEMG in order to develop more
awareness at home and at work (see Sections 5-A-5: and 5-B-4: Awareness of
Minimum Tension). Practice dynamic relaxation and diaphragmatic breathing with
sEMG feedback.
3. Develop a plan for trainee to practice the skills at work. Be specific about when and
how to practice. For example, practice relaxing the neck and shoulders while
working at the computer. Observe the subjective tension level; whenever tension is
felt, let the muscles relax. Practice micro-breaks and use the sEMG at the computer to
facilitate neck and shoulder relaxation. Integrate the concept of the ebb and flow of
muscle activation and regeneration. It is important to reduce arousal so that the body
shifts to an anabolic state. Make it a priority to vary tasks. For example, alternate
sitting at the keyboard with other activities. Some strategies that have been
successfully implemented by trainees include:
•
•
•
•
•
•

Alternating tasks, such as data entry and filing, instead of doing one
continuously and then the other
Standing up while answering the phone
Walking up and down the stairs for a short break
Going to the restroom to practice a short stretch and relaxation exercise
Moving the printer to another room necessitating a short movement break to
retrieve the printed copy
Taking short walks with co-workers during lunch; holding a meeting while
walking
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4. Develop a plan for practicing the newly acquired skills away from work, such as
dropping the shoulders when driving or taking breaks when gardening. Be sure to
establish a plan that clearly addresses when, where and how the trainee can practice
the skills. Explore what may get in the way of the practice. The more you have
thought out and imagined all the details, the more likely the trainee’s success.
When changes or homework practices are not implemented, explore some of the
following.
Challenge: Changing is more painful than continuing the current pattern.
Solutions: Explore the benefits of continuing the present situation and the
hindrances of the proposed new solution. For example, moving the mouse closer
to the keyboard may displace other needed materials. Although there will be less
discomfort with mousing, it will necessitate rearranging the workspace, which
takes time. There may be concern about falling further behind in work and thus
experiencing even more stress.
Challenge: Changes do not seem possible because there is difficulty imagining using
objects “out of the box”.
Solutions: For example, if the monitor is too low, the solution of placing an old
telephone book under it to raise it may not be considered (since the telephone
book is not perceived as a spacer). Similarly, if the desk is too high, a possible
solution could be to reduce the height of the desk by cutting a few inches from the
desk legs. However, to perform these tasks requires that someone with carpentry
experience saw off part of the desk legs. Permission may also be needed to
implement these changes.
Challenge: A sense of powerlessness to create change may be the problem. It may
even be seen as learned helplessness. It may be difficult to think of new pragmatic
options, especially if one fears punishment or derision for suggested solutions.
Often people may fear for job security and “do not want to make waves”.
Solutions:
It may be helpful to develop assertiveness, reframing and
communication skills. For example, if a headset is indicated for phone work in
order to reduce neck and shoulder tension, the request for this new equipment
could be justified by pointing out that it would increase productivity or decrease
sick days.
Challenge: Concentration is interrupted when doing the practices and it feels too
difficult to resume.
Solutions: It takes patience with oneself to observe the wandering mind and gently
come back to the practice. It takes many repetitions till it is automatic. People
often forget how much they have practiced some of their skills. Consider how
much repetitive practice is involved in learning to ski, play the violin, or drive a
car. Have patience, try again!
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Eight Components of Healthy Computing
The most important process in putting it all together is developing the somatic awareness
and then implementing the different components. When integrating the practices, the
stress of work may become more obvious. The issues of work stress and the quality of
work environment highly impact the occurrence of CRD. If there is lack of social
support and high workload, high responsibility and no control, then the risk of illness
increases. Within a systems perspective the psychosocial factors impact health and the
trainee needs to resolve these issues. At times one must ask the question: “Is it worth
dying over?”
Develop self-awareness and integrate the learned sEMG skills into work patterns. Use
reminders to practice healthy computing practice, such as breaks. Sometimes an
automatic interrupt program that reminds you episodically to take breaks, or guides you
through stretches, is very useful. Stretch Break program by Para Technology (see
resources) automatically reminds you to do stretches. It visually guides you through
simple effective stretches. It can be installed on your computer and pop-up every 30
minutes (or whatever time you decide).
Make Healthy Computing part of your work style and life. Subscribe to Healthy
Computing Email Tips (send email request to healthco@sfsu.edu to be put on the
distribution list). These tips are weekly reminders where you can use them—right at the
computer. Each week a new tip is emailed and covers different aspects to promote
creative and productive work and enhance health.
Putting it all together integrates the eight components of healthy computing: work style,
ergonomics, somatic awareness, stress management, regeneration, vision care,
fitness and positive work setting. The following are detailed examples of the eight
components, each illustrated by two Email Tips that can be used at the workplace and
at home.

2006 Peper and Hughes Gibney

PUTTING IT ALL TOGETHER 153
1. WORKSTYLE
Develop work habits that will help to maintain health and avoid injury. Integrate microbreaks at the computer. Take larger movement breaks every 30 minutes. Use the sEMG
monitoring and feedback while working to remind yourself to interrupt built up tension.
Implement the different training strategies while working. Take control of the situation.
Remember that it is your health that is important.

Take a Micro-Break and Smile
Aching wrists, arms, neck, face, shoulders and back may be aggravated by continued
muscle tension while working at the keyboard. Even low levels of tension may reduce
blood flow into the muscles by up to 80 percent. To avoid this, interrupt keyboarding
frequently. A microbreak is a very short (1-2 second) relaxation of tense muscles. This
relaxation allows blood to flow in and out, bringing oxygen and nourishment to the tissue
and removing waste products.
How to take a micro-break and smile:
•
•
•
•

Every 30 to 45 seconds while working at the keyboard or mouse drop your
hands to your lap, your sides, or on your desk next to the keyboard and let
your arms, shoulders and hands go limp.
Breathe evenly in and out through the nose (if possible) while keeping
your eyes open with relaxed lids.
Put on a little smile (stretch your lips horizontally while slightly drawing
the corners up and back), and slightly tilt your head sideways while
relaxing the body.
After a 1-2 second break, return to work.

Take a micro-break and smile at the end of every paragraph or column of data.
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In The Flow
Do you rest your wrists on a wrist pad or rest your arms on armrests? Do you reach and
stretch with your fingers to the keys or bend your wrists from side to side while typing? If
so, stop this practice -- do not rest your wrists on anything while typing. Instead, integrate
gentle movements in your work. Increase freedom of movement and reduce strain in
your neck, arms and hands while typing in the flow.
How to type in the flow:
Practice flow typing.
• Hold your forearm, hand and fingers in a straight line without bending
your wrists. Just like a concert pianist, be sure that your wrists are straight
and your fingers tap lightly down on the keys.
• Use your arms and shoulders to move your fingers over the keyboard.
Allow your hands to flow over the keyboard.
Develop awareness of wrist movements while typing.
• While sitting at your desk, let your non-dominant forearm and hand gently
rest on a one-inch thick book. Drop your fingers over the edge of the book
while maintaining a relaxed, neutral position with your forearm and hand.
• Check that your hand and wrist are in a position that would allow a
straight line to be drawn from your middle finger to your elbow.
• Attach a five inch long piece of scotch tape lengthwise on top of the back
of your hand (over the tendon of the middle finger), wrist and up the
forearm.
• As you type use the feedback from the scotch tape (e.g., the pulling of the
skin on the back of your hand, wrist and forearm) to remind yourself to
straighten your wrists and type in the flow.
Relax your shoulders, arms and hands every minute or so by dropping your hands onto
your lap or letting your arms and hands hang straight down at your sides (feel the
heaviness and pulling sensations down your arms). Use every interruption to relax your
muscles (e.g., answering a phone call, waiting for the computer program to finish a task,
or while planning or thinking).
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2. ERGONOMICS
Adjust your workspace and equipment to suit your individual needs. Adjust the chair,
monitor, and keyboard appropriately for you and the task you are performing. Optimize
your work setting by reducing glare and noise, and increase fresh air with living plants in
your office. Use the sEMG feedback and monitoring to discover the best working
positions.

Phone Health
While we're on the phone, we often multi-task--we work at the computer, look things up
in files, or write notes. In these situations it seems convenient to tuck the phone between
our shoulder and ear to free our hands. Raising one shoulder and tilting our head in an
asymmetrical position causes excessive muscle contractions. Blood flow to the muscle is
reduced while the neck and shoulders tighten. Lighten the strain on your neck and
shoulders with phone health.
How to enhance phone health:
•
•
•
•
•
•

Purchase and use a headset. They are lightweight with good sound quality
and are economical.
Use a speakerphone.
Do only one task at a time. Put the person on hold, put the phone down,
take a breath and smile. Perform the task and then pick up the phone and
continue your conversation.
Hold the phone in your hand while talking; switch sides during the
conversation.
Do not multi-task. Give the caller your complete attention and afterwards
work on the computer.
If you must cradle the phone, alternate sides and practice many neck and
shoulder relaxation techniques.

Avoid attachable phone rests that claim to make cradling more comfortable. They DO
NOT significantly reduce tension in your neck and shoulders.
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Keep It Straight
Wrist angle (ulnar deviation) while working at the computer may contribute to pain and
discomfort. Mousing or keyboarding with ulnar deviation can put strain on the tendons,
nerves, and blood vessels that pass through the narrow wrist area (the "carpal tunnel").
Neck, shoulder, and arm discomfort may also be more likely to occur when you type or
mouse with a pronounced wrist angle. Stay healthy at the computer; whenever possible
keep it straight.
How to keep it straight:
Check your wrist angle during keyboard and mouse work. If your wrists bend
significantly, check your posture and work style. Do you:
•
•
•

Lean forward to read the screen (putting your nose to the screen) or
craning your head forward moving your body nearer to the keyboard and
elbows pushed to the side?
Have short arms and/or a wide torso, so that your hands and arms have to
reach around your body, winging your elbows out?
Rest your wrists on the desk surface or wrist pad when typing or mousing,
thereby freezing the wrists in place and forcing a lateral hand movement to
reach the keys or move the mouse?

Change your posture and work style at the keyboard so that your hands, wrists
and forearms are in a straight line.
• Straighten your hands, wrists and forearms by sitting erect with your back
fully supported by the chair. Be sure that your upper arms hang straight
down while typing and mousing.
• Resolve the reasons for leaning forward (e.g., if the text is out of focus,
have your vision checked).
• If your arms are short, your elbows wing out, and your hands bend to the
outside, switch to a split or angled keyboard. Split keyboards can help
you to avoid wrist angle and maintain a straight line from your forearm
across your wrists and the top of your hands.
• Avoid resting your wrists while typing. Practice flow typing.
• When mousing, move your entire arm, rather than flicking your wrist back
and forth.

Make your own wrist angle feedback device:
Attach a 3 to 4 inch piece of scotch tape across the top of your wrist,
extending from your forearm to our hand. You will feel the tape pulling on the
skin when you have too much wrist angle.
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3. SOMATIC AWARENESS
Learn to sense muscle tension and reactivity, and the skills to physically, mentally and
emotionally let go. Practice the sEMG somatic awareness exercises. Use the awareness
to interrupt your patterns the moment you notice them. Ask yourself, “How can I do it
differently?”

Freeze and Scan
Often we are so involved in work and focused upon the materials on the screen that we
forget what is happening inside ourselves. During that time, we may tighten muscles,
stay in uncomfortable positions or ruminate on (and be captured by) past or future events.
To develop awareness and interrupt these misdirected efforts, freeze and scan.
How to freeze and scan:
•
•
•

•
•

Whatever you are doing, FREEZE!
Scan your body to see what muscles are held tight and contracted.
Check your left/right balance.
ο Which buttock has more pressure against the seat of the chair?
ο Which toes and feet are further from the trunk?
ο Which shoulder is forward?
ο Which shoulder is up?
ο Which elbow is further away from the side?
Identify your thoughts and emotions and look at the content.
ο How are they task related?
ο Are the emotions positive or negative?
Give yourself a 30 to 60 second "time out" to self-regulate by breathing,
relaxing muscles, wiggling to rebalance the body, and focusing your
thoughts upon positive images.
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Curl and Flex 1
We often experience neck, shoulder and back stiffness and discomfort after working at
the computer. This may occur because we tend to hold our bodies in the same position
without movement. Stiffness and soreness may also happen when we slightly raise our
shoulders during data entry or tighten up under stress. To enhance looseness of the neck,
shoulders and back, curl and flex.
How to practice curl and flex:
Begin by pushing your chair away from the keyboard or desk. Sit at the edge of
the chair with your feet shoulder-width apart on the floor.
Practice the following exercise while you continue to breathe and do not force. If
you notice any discomfort, do not curl or arch as far.
• Look up and back (gently arching your head back) and look at the farthest
spot back on the ceiling. Remember that spot.
• Sit up straight and rest for a few moments.
• Curl forward so that you are looking at your belly button (your back and
neck will look like a letter C), then arch your back and tilt your head
backwards (feel the movement in the pelvis). Now repeat this curling and
arching gently 5 times.
• Sit up straight and rest for a few moments.
• Now curl your back forward except that as you curl, your head and neck
arches backwards slowly, follow this by arching your back while curling
your head forward and look at your belly button (feel the movement in the
pelvis). Repeat this curling and arching slowly and smoothly 5 times.
• Once again sit up, look up and back (gently arching your head back) and
look at the farthest spot on the ceiling. Observe how much farther you can
now look and feel the looseness of the neck movement.
• Gently lift your shoulders upward and let them drop. Repeat rapidly 5 times
while the neck, arms and hands stay relaxed.
Practice these or other larger body movements every hour.

1

This TIP was developed from the demonstration by Dr. Brad Bennett.
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4. STRESS MANAGEMENT
Learn to handle life’s compulsory stresses effectively - whether at work or home - in a
way that does not adversely affect your health (e.g., reframing events, communicating our
needs, etc.). Work stress can include having too much responsibility with too little
control, poor social support, a heavy workload, or being bored with your job. Use the
sEMG feedback to identify tension patterns in your face, neck and shoulders and
facilitate diaphragmatic breathing. Identify work stressors and implement strategies to
reduce them.

Reverse Rushitis
Do you feel as if you are inside a pressure cooker? Does your workload continue to build
up? Does the IN box fill up more rapidly than the OUT box empties? Do you dream that
you had another hour, day, or week before the deadline? The pressure to finish assigned
work on time often evokes "hurry up sickness" and increases sympathetic arousal. This
chronic arousal may activate sensitive trigger points in muscles and interfere with
regeneration. Take control over your workload and learn how to reverse rushitis.
How to reverse rushitis:
•
•
•
•
•
•
•
•
•

Begin each workday by taking a few minutes to write down and prioritize
your tasks. Post this list in your work area to help you keep on track.
If you don't think that you can accomplish all your tasks and meet your
deadlines, ask for help in advance.
Stick to your priorities, unless something urgent comes up.
If your supervisor asks you to do something else, let him/her know that
you will have to reschedule other tasks. Discuss your options and together
reevaluate your priorities.
Make sure to take breaks - both micro and large movement. Taking breaks
will help you to regenerate and remain productive.
Even if you may need to shorten your lunch break, do not eat at your desk.
Make sure to take a brief walk, even if only for 5 minutes.
Observe your physiological responses to rushing. If you are holding
muscle tension, stop and let your body relax.
Make sure that you continue to breathe. Avoid that breathless rushed
feeling that can cause exhaustion.
If your day includes a meeting, make it a walking meeting.
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Take a Walk
When beginning to work, do you find that it is sometimes difficult to start? Is it as if you
are not yet quite awake? Do you then get up, look around, open and close some files,
look at the work you have to do, drink some coffee and remember all those things you
should be doing and not doing? This mood, often experienced as procrastination, has
been labeled by psychologist Robert Thayer (1997) as "tense-tiredness." It affects our
productivity and increases tension. We often attempt to change our mood and boost our
energy with socially acceptable "drugs" (e.g., coffee, snacks, or cigarettes). However,
these remedies usually give only a short buzz followed by feeling worse. To feel better
and be more productive, take a walk.
How to take a walk:
When you become aware of the "tense-tiredness" or procrastination, stop what
you are doing and take a 10-minute vigorous walk. Go outside or, if the
environment does not permit it, walk up and down stairs in your building.
While walking move your arms and legs rhythmically...let them swing freely
at your sides.
Integrate walking into your computer workday.
• Invite co-workers to take a short walk with you during a lunch break.
• Schedule walking staff meetings; they tend to be shorter, healthier and
may reduce negative emotional responses.
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5. REGENERATION
Allow your body to rebuild its storehouse of energy before you are exhausted, thus
preventing burnout and ill health. Use sEMG feedback to master dynamic relaxation.
Practice episodic relaxation techniques, give yourself time for lunch and eat healthy
meals.

Regenerate while Waiting
We often wait with “bated breath” and poised fingers to continue our keyboard entry or
mouse movements. When we are waiting for the computer to process information or
when there is a delay while surfing the net, we often stay fixated and braced for the
control to come back to us. Our index finger is poised over the left mouse button and
our shoulders tensed while we hold our breath or breathe shallowly.
Instead, regenerate while waiting. Use every opportunity when the computer is working
or waiting for a response to let go, move and regenerate.
When you see the waiting poised index finger with the corresponding visible tendons on
the back of the hand ready to attack the left button of the mouse, let it be the reminder
to relax your hand and shoulder by dropping your hand onto your lap or next to the
mouse on the desk or wrist pad. Take a deep breath then let go and stay relaxed so
that you regenerate while waiting.
When you see your raised fingers over the keyboard, ready to enter another data point as
soon as the program gives back the cursor, let this be the cue to relax your hands and
shoulders. Drop your hands either on your lap or to the side of the keyboard. Then,
relax your shoulders by shrugging them up and letting them drop down.
While you’re waiting, blink to lubricate and relax your eyes. Or, look away from the
screen and relax your eyes by looking out a window or across the room.
As a fun feedback experiment, place a quarter on the back of your hand, when the quarter
falls off, it is time to do a short microbreak.
Look forward to the delays as opportunities to do a microbreak or large body movement.
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Regenerate
Do you sometimes go home from work feeling exhausted? Do you wish you just had
time for yourself and the energy to do more things in the evening? When we work until
we are exhausted we are more vulnerable to dis-ease. Often after working a long day we
need time to recharge. Learn to shift from a catabolic to an anabolic state so that you may
regenerate.
How to regenerate:
At home take 20 minutes to allow regeneration to occur.
Loosen your clothes, or change into something comfortable, and take off your shoes.
Lie down comfortably on your back with a pillow under your knees so that your legs can
relax (feet shoulder width apart). Rest your arms at your sides with your palms facing
up. Put a thin pillow under your head.
Place a 3-5 pound weight, such as a bag of dried rice or beans, on your abdomen.
Roll your shoulders slightly forward, make a fist with your hands and tighten your arms
while lifting them up a few inches. Hold the tension for 10 seconds. Make sure you
continue to breathe. Let go and relax. Feel the shoulders, arms and hands drop like a
Raggedy Ann doll and feel them sink into the bed or floor for 30 seconds.
Curl your toes towards your knees, tense your legs while lifting your heels up a few
inches. Hold the tension for 10 seconds. Make sure you continue to breathe. Let go
and relax. Feel your buttocks, thighs, calves, and feet sink into the bed or floor for 30
seconds.
Bring your attention to the 3-5 pound weight on your abdomen. As you inhale, gently
push the weight up and away from you as your abdomen expands. As you exhale let
the weight help with complete exhalation. Feel as if the breathing takes place mainly
in your abdomen. Without effort, let the exhalation go slower and slower.
As you exhale imagine the air flowing through your shoulders, arms, wrists and
out your fingers as well as through your buttocks and hips, legs, ankles and
out your feet. During inhalation feel your abdomen expanding as the weight
goes up.
Continue this breathing for the next 20 minutes. If your attention wanders, gently
bring your awareness back to the movement in your abdomen and continue to
imagine the air flowing down your arms and legs.
When finished, gently stretch while lying down, roll to the side, stand up and do
another gentle stretch.
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6. VISION CARE
Have your vision corrected so that the screen is in focus. If you wear bifocals be sure to
get computer reading glasses, since people will tilt to read through the bottom of their
glasses. Protect your eyes from excessive strain and dryness by reducing glare and taking
vision breaks to relax them. Use sEMG feedback from the forehead and temporalis to
master eye and face relaxation.

Relax Your Eyes
Eye strain and dry, tired and irritated eyes often occur during computer use. By
intensively focusing on the monitor, people often forget to blink and relax their eyes. Or,
they focus predominantly on nearby surfaces (e.g., monitor, desk, or wall behind the
monitor) without allowing the eyes to relax and vary in focus by looking at a far distance.
After looking at close surfaces all day, it may take longer for the eyes to focus
(accommodate) to more distant objects.
How to relax your eyes:
•

Every 10 to 15 minutes allow your eyes to relax by looking far away into
the distance. If possible, look through the window at trees or distant
clouds. As you look into the distance, exhale with a slight smile and let
your shoulders drop, allow your eyes to soften, then gently let the eye lids
close for two seconds and re-open them.

•

Blink at the end of every line or column of numbers and with every mouse
movement. After a few blinks do a microbreak and breathe diaphragmmatically.

NOTE: Eye discomfort may also be aggravated by the computer screen (e.g. poor
character resolution, screen flicker, glare, and physical location) or poor vision. Many
people need special glasses for computer use that are different from their normal
eyeglass prescription.
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Can You See?
Many of us stare at our computer monitors for hours each day. How well we see the
monitor affects the comfort of computing. Glare, poor screen resolution and inadequate
vision correction all contribute to eyestrain. Squinting to see blurred characters can result
in neck, shoulder, back and arm tension. Instead, give your eyes and body a break.
Check and correct your vision.
How can you see?
You may need computer glasses if you:
• Tend to put your nose to the screen to read the text.
• Wear reading glasses. The focal distance may not be correct for monitor
viewing.
• Wear bifocals or trifocals. You may be tilting your head to view the
screen. Computer glasses may reduce the strain on your neck and
shoulders.
Computer glasses should provide appropriate focus for the actual computer monitor
working distance. Usually this is about 10 inches more than the focal distance of
normal reading glasses. Instead of guessing the focal distance, measure the actual
distance from your eyes to the monitor screen in your habitual computing working
posture (ask a coworker to measure it while you are working). Then give this
measurement to your vision health provider.
Also, remember to blink frequently to relax and lubricate your eyes.
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7. FITNESS
Keep fit to avoid injury during the daily athletic event of working at the computer. Use
sEMG feedback to learn to reduce dysponetic efforts (e.g., tightening the neck and
shoulders) while exercising. Practice strengthening exercises and make them part of your
workday.

Computer Athlete
Develop strength and endurance at the keyboard by practicing warm up, stretching,
strengthening, and cool down exercises. Practice daily with your co-workers--those who
practice together feel better and more energized and report fewer complaints. Become a
computer athlete.
How to become a computer athlete:
Take five to ten minutes each day and warm-up, stretch, strengthen and cool down with
your officemates. (Enhance the fun by playing music while you exercise.)

WARM UP
Stand with your knees slightly flexed and your arms hanging down from your shoulders.
Bounce gently up and down by flexing the knees while breathing. Let the whole body
jiggle with the movement for one minute. Smile at this funny practice. (If you wear
high heels, take them off and do in bare feet.)
Reach your right hand up toward the ceiling and at the same time, lift your left (opposite)
knee up. Do this as a hopping motion so that as the right hand and left knee go up,
you rise on your right toes. Then, let your right arm freely swing down and bring your
left foot down. Repeat on the other side by bringing your left hand towards the
ceiling and simultaneously bringing your right knee up and then allowing them to
come down again. Let the arms swing freely, alternate side to side for ten repetitions
and do in a playful manner.
Relax and regenerate by dropping the arms to the side. Then gently bounce up and down
a few times by flexing the knees. Stop and feel the neck, shoulders, arms and hands
relax as if the shoulders are dropping down. Imagine air flowing down the arms as
you exhale and feel your hands warming.
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STRETCHING
Interlace the fingers of both hands in front of you at your waist, then rotate your palms
outward and while imagining exhaling through the arms and hands gently straighten
the arms (straighten only so far as is comfortable). Extend for two exhalations then
relax. Rotate the arms upward so that the palms face the ceiling. While exhaling,
straighten your arms. Be sure the shoulders and neck are relaxed. Then let the arms
relax as you inhale while the back of the fingers are resting on the top of your head.
Repeat very gentle straightening of the arms to the ceiling. Hold the straightened
position for two breaths. Repeat three times. Then drop arms to the sides and relax.
Interlace the fingers of both hands behind your back. While keeping the knees bent,
straighten the arms and lift the hands up. Be sure to keep the neck and jaw loose and
continue to breathe. Hold the stretch for three breaths and then relax. Repeat three
times. Then drop arms to the sides and relax.

STRENGTHENING
Bring the heels of the palms of the two hands together. Press the palms together in front
of your chest for two or three breaths. Be sure that the jaw and neck are relaxed and
the shoulders are dropped. Then drop the arms to the side and relax. Repeat 5 times.

COOL DOWN
Relax and regenerate by dropping the arms to the side. Then gently bounce up and down
a few times by flexing the knees. Let yourself jiggle like a "Raggedy Ann Doll." Stop
and rest. Feel your neck, shoulders, arms and hands relax. Imagine the air flowing
through your arms and out your fingers as you exhale. Feel your hands warming.
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Get Up and Bounce
Working on the computer for extended time periods often causes muscle tension,
stiffness and reduced circulation. At times we are so involved or pressured by our work
that we have not moved for long periods. To reduce these static tension patterns,
interrupt your work every 30 to 90 minutes with large body movements such as get up
and bounce.
How to get up and bounce:
Every 30 to 90 minutes, get up from the chair and away from the computer for a minute
or two and do a large movement (e.g., walk around the room, take a bathroom break,
stretch) and bounce.
While standing, with the arms loosely hanging along your trunk, slightly bend your
knees. Keep the feet flat on the floor and shoulder width apart.
Let the neck and shoulders relax and let the body bounce slightly up and down like a
Raggedy Ann doll.
The movement is mainly in the knees--slightly flexing and straightening. Let the whole
body be jostled by the movement. Continue for 60 seconds.
Stop and be aware of the sensations in your arms and hands. (Notice the tingling and
streaming).
Remind yourself to take large movement breaks by setting your watch alarm to chime
every hour or by setting your computer appointment/calendar program to interrupt
every hour.
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8. POSITIVE WORK SETTING
Nurture social support among co-workers so that you look forward to spending your day
with your co-workers. Develop an atmosphere in which there is mutual support and
respect.

Appreciation
At times we feel frustration, anger, hopelessness and resentment. These emotions
negatively affect our own health and increase the risk of computer-related disorders
and exhaustion. Negative emotions are contagious and affect people around us.
How to practice appreciation:
During the day search for positive thoughts and events you appreciate. Share
appreciations with your co-workers and family members. They need not be
highfalutin statements. A simple sincere positive comment is all that is needed to
share an appreciation (e.g., "Thanks for your email, I really found your corrections
helpful").
If you are having difficulty with a co-worker, make a list of things that occur where you
can honestly appreciate something they did. (Ok, it's stretching it, but you can be
thankful for simple things, such as they arrived on time for a meeting!) Remember,
every thought and emotion you have affects every cell in your body. Sincerity in
appreciation will have a positive impact on your personal health, especially your
heart.
Experiment how simple appreciations change the emotional tone in others. Observe how
the person may smile. Also note that you may feel better/happier/lighter when they
begin to feel better.
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Deflate Anger
Do you bang the keyboard when you can't connect to the right website? Do you
sometimes wish that you could take back your words after snapping at a co-worker? Do
you easily get irritated when waiting for the shuttle or bus? Impatience, hostility or
having a short fuse increases the risk of dying of a heart attack. In addition,
psychological distress is a significant risk factor in developing forearm pain at the
worksite.
How to deflate anger:
Become aware of your explosive hostile tendencies. Identify the situations where
you react and then, ask yourself, "Is it worth dying over?" If not, employ
some of the following self-management strategies:
•
•
•
•
•
•
•

Use the emerging anger sensations to trigger self-healing images, such as
thinking of a loved one, a special place in nature, or your favorite music.
Take a walk before answering or pressing the send button on your email
message.
Reduce caffeine intake (that includes soft drinks, such as Coke) and
sweets, since they tend to increase emotional reactivity.
Change your expectations-people or situations will not change; your best
option is to change your perceptions.
Take slow deep diaphragmatic breaths when feeling irritated, using the
exhalation as a cue for relaxation.
Before responding, ask, "How would the other person experience my
response?"
Re-organize priorities and work demands to reduce situations that trigger
your hostile responses.
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7. TAKING IT TO THE WORKPLACE
Work. We either love it or hate it. Some gleefully go to work, relishing the excitement
and challenges, working through lunch and breaks and putting in extra hours. Others are
exhausted before they even get to work due to personal stressors, such as a sick child, a
parent with Alzheimer’s, an impending divorce, or getting stuck in traffic jams. Still
others trudge off to work, unhappy about their situation, complaining about insensitive
management and wishing to win the lottery so that they can sit at home and savor their
new-found wealth. In all of these situations health can be compromised. For example,
working without breaks and for long hours can lead to stress immobilization syndrome
(SIS). Discomfort and pain can also result from working day after day with resentment
or when emotionally and physically exhausted.
Life for employers would be easier if employees had the same attitudes, bodies, lifestyles,
work habits, and jobs. If that were the case, we could purchase the same desk, chair and
keyboard for everyone and be done with employee safety. However, our diverse
workforce requires us to look at educating individuals to work safely. Healthy computing
education should not focus solely on ergonomics. It should encompass a systems
perspective, an understanding of the principles that affect health, and a particular focus
on the individual’s needs.
In order to remedy computer-related discomfort we must first become aware of our
patterns of thinking, feeling and acting. For example, most people have no idea that
muscles contract and remain tense when working continuously for hours without breaks
or interruptions, cutting off blood flow and impeding regeneration. Furthermore, tension
and stress increase if we have to cope with an excessive workload and job pressure from
our supervisors. Often we create our own internal stress, consciously or unconsciously,
through excessive expectations, unwarranted responsibility, or aiming for perfection. We
react to the requirements and competition of our work situation or the implicit demands
of our co-workers and/or family members. Our reactions and responses can spin into a
downward cycle, draining our energy and health. Only when we are aware of our habits,
workstyle and communication patterns are we capable of making healthy choices,
creating new options and implementing new actions. It is important to understand our
individual energy “drains and gains” and to find out how to increase our energy levels.

 2006 Peper and Gibney

172 MUSCLE BIOFEEDBACK AT THE COMPUTER
Namely, during the day some events, individuals or activities decrease or increase our
subjective sense of energy. It is helpful to identify these drains/gains and develop
strategies to minimize the drains and maximize the gains.
Employers implementing a Healthy Computing program must include each of the eight
components. At the same time, the individual computer users may not have to implement
all aspects—they can select specific components depending upon their unique situations.
The challenge in conveying this information to employers and employees is to help all
understand that health, while working at the computer, involves education,
understanding, self-awareness, practice and team support. Organizations and employees
are interdependent and affect each other. Individual and organizational health, as well as
productivity, are dependent upon mutual collaboration, as illustrated in Figure 7-1.

Responsibilities for Preventing RSI
Employee

Organization

Awareness
Work-style
Stress management
Regeneration
Vision
Fitness

Coach

Culture
Ergonomics
Prevention program
Workflow
Work demands
Work tasks

Skill training
Communication
Social support

Figure 7-1. The responsibilities for health at the computer are shared
mutually by the employee and the corporation. The coach (therapist,
trainer, ergonomist) needs to incorporate and account for both the
individual employee and the corporate needs.

This chapter demonstrates that the possibilities for individual change in the workplace are
significantly greater than often predicted—if supervisors and corporations provide and
support a Healthy Computing program.
However, there is a caveat: When an employee is unwilling to learn or implement healthy
work styles, even the most supportive employer will be ineffective. At the worksite,
Healthy Computing practices are only possible when the entire staff is willing to listen,
communicate and work together. Thus, we recommend that employers integrate Healthy
Computing training into its new employee orientation program and from the onset of
employment.

© 2006 Peper and Hughes Gibney

TAKING IT TO THE WORKPLACE 173
An Award-Winning Program
At San Francisco State University (SFSU) we worked in conjunction with, and in support
of, Human Resources and Risk Management to design a Healthy Computing group
training program for its employees. This innovative program, conducted once or twice a
year, trains volunteers from various campus departments to become coaches in Healthy
Computing for co-workers and educators in the SFSU community. For seven weeks the
participants take time out of their busy schedules to attend weekly 2-hour group sessions.
Those participating in this program learn the concepts described in this book, which is
used as a textbook.

Mean Symptom Change
As Compared to Beginning of Six Week Program
5

Exp N=16
Control N=12

4
3

**

2

*

-4

Legs

Back

Tiredness

-3

Wrists
and hands

-2

Arms

-1

Neck and
shoulders

0
Eyes

Same

1

Significantly worse

**

*
Head

Significantly better

The program includes training in ergonomic principals, psychophysiological awareness
and control, sEMG practice at the workstation and coaching co-workers. Another
important component of the program is coach mentoring—experienced coaches volunteer
to mentor new participants. Each program concludes with a graduation ceremony where
supervisors, risk management, human resources, administrators and mentor coaches
gather together to thank and applaud the newly-trained coaches. In 2004 this program
was awarded the Employee Safety Award from the Governor of California for
outstanding performance of individual state employees and groups for improving job
health and safety.

*Significant at < 0.05 Two tailed t-test
**Significant at < 0.01 Two tailed t-test

-5
Areas of discomfort

Figure 7-2. Self-reported changes in discomfort as compared to the
beginning of the training program (by permission: Peper, Wilson &
Gibney, 2004).
We conducted a survey to assess the efficacy of the training during one program. Prior to
the start of the program, participants were asked whether they had reported computerrelated health symptoms or if they were receiving medical treatment for repetitive strain
injury; all responded negatively. Upon concluding the training program, many
participants reported that they had a reduction in symptoms as compared to the beginning
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of the program—even though they believed that they were devoid of symptoms prior to
the onset of the program! Conversely, the control group remained the same or reported a
worsening of symptoms, as shown in Figure 7-2.
Work styles were, also, assessed in this survey. As hypothesized, those in the program
reported an increase in positive/healthy work habits; whereas, those in the control group
remained the same, as shown in Figure 7-3 (Peper, Gibney and Wilson, 2004).
Mean Change in Work Style as Compared to
the Beginning of the Six Week Program
5
Exp N=16
Control N=12

4
3
2
1

Ergonomics

-4

Diaphragmatic
breathing

-3

Macro-breaks

-2

Meso-breaks

-1

Micro-breaks

0

-5

Work Style

Figure 7-3. Self-reported increase in healthy computing habits as
compared to the beginning of the training program (by permission: Peper,
Wilson & Gibney, 2004).
In addition to the participants’ report of feeling better and working safer by the end of the
program, an independent nine-month telephone follow-up conducted by the SFSU
Department of Risk Management found a significant benefit of the program on workers’
compensation claims. In performing their assessment, SFSU Risk Management wanted to
determine the impact of the program on the University community and staff. They found
that the 16 trained coaches helped more than 100 employees. Additionally, they found
that the departments that had no workers’ compensation claims had coaches in their units,
while the top three departments with the most workers’ compensation claims had no
coaches in their units, as shown in Figure 7-4 (Peper, Gibney & Wilson, 2005). This
study suggests that employees can help their peers to improve health and work style
patterns—and that a group training program, such as this one, continues to benefit
employees well after the conclusion of the training.
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9 Month Follow-up
16 coaches trained

100 employees
helped

Units with zero
workers’ comp claims
Top 3 units with most
workers’ comp claims

Trained
Coaches?

YES

Trained
Coaches?

NO

Figure 7-4. Benefit of having coaches train employees. By permission
from: Peper, E., Gibney, K.H. & Wilson, V. (2005).

A Healthy Computing 7-Week Program
Healthy Computing with muscle biofeedback is achieved through the implementation of
a 7-week training program, which trains individuals to use single-channel portable
muscle biofeedback devices (MyoTrac™) to coach co-workers. Thus, SFSU Risk
Management purchased a few of these machines to have on campus and use in the
training program. In addition, we utilize PowerPoint presentations and a multi-modal
biofeedback system to demonstrate concepts. Along with training and demonstration,
each session includes experiential activities, concept exercises and discussion, which are
aimed to change belief structures, encourage active participation and provide coaching
role-modeling.
Following is the syllabus of this program. Included with each session are examples of
some of the salient experiential practices, exercises and handouts that form the basis for
the program. Participants are given a copy of this book as a textbook for this course and
assigned weekly reading; they use a MyoTrac™ for self-training and for coaching other
employees.
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Please note:
 There are a variety of single-channel portable electromyographs on the market
that could be used; this syllabus refers to MyoTrac by Thought Technology,
Ltd. because the SFSU program utilized this equipment.
 Homework reading assignments refer to pages of this book.
 Some of the common challenges and possible options to resolve these challenges
are described in Chapter 8 – Challenges.
 At the end of each session are samples of handouts and forms.

The authors grant permission to use these handouts for training purposes with the
stipulation that credit is given to the authors. However, under no circumstance is
permission granted to sell the material contained herein without express written
permission of the authors.
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Session 1
Main points:
 Health at the computer is achieved through a systems perspective and not just
ergonomics.
 Static muscle tension, shallow breathing and vigilance contribute to discomfort.
Outline:
 Overview: 8 Components of Healthy Computing
 Demonstrate multi-modal biofeedback monitoring from a person working at the
computer. Record respiration, forearm sEMG, scalene/trapesius sEMG or deltoid
sEMG, Temperature and palmar skin conductance activity (SCL). With sensors
attached, a work/rest demonstration ensues utilizing the following conditions:
sitting at rest with hands on lap, hands resting at the keyboard, typing, hands
resting on lap, hand resting on mouse, mousing, hand resting on mouse, hands
resting on lap, thinking of a stressful event, typing while imagining the stress, and
hands resting on lap (for detailed instructions see Peper, Harvey, & Tylova,
2006). A segment of a computer assessment is shown in Figure 7-5.

Figure 7-5. Sample physiological recording of mousing component of the
computer work assessment. Potential risks identified include increased
scalene/trapezius and forearm sEMG activity during hand resting on mouse
condition, absence of micro-breaks during hand resting on mouse and
mousing conditions, increased respiration rate during hand resting on mouse,
increased respiration rate and breath holding during mousing, and decrease
in finger temperature during hand resting on mouse.
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Figure 7-6. Learning to use a MyoTrac






Practice and training with MyoTrac as shown in Figure 7-6
o Monitor deltoid, trapezius, forearm extensor muscles
o Train in attaching and removing sensors, adjusting controls, recognizing
artifacts, understanding the equipment
o Self-practice to develop awareness of muscle tension
Homework
o Keep log of breaks during week on Week 1 Handout: Break Log Form
o MyoTrac practice and record observations on Week 1 Handout: sEMG
Monitoring/Training Form
o Suggested reading
 About considerations for attaching electrodes, artifacts (pp 27-38)
 About micro-breaks and monitoring people (pp 104-106)
 Week 1 Handout: Prevent Computer Related Symptoms with Microbreaks.
Install one of the following break reminder programs
o Stretch Break™ www.paratec.com
(For PC and Mac: one of the best programs to guide you through breaks and
stretches)
o Break Reminder™ www.cheqsoft.com
(For PC only)
o Mindful clock www.mindfulnessdc.org/mindfulclock.html
(For PC only: it sounds a gong during the day to remind you to take a break-free for personal use)
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 Timeout www.dejal.com/timeout/
(For Mac only--freeware)*
o RSIGuard www.rsiguard.com
(For PC only: excellent break reminder program that is based upon your work
at the keyboard and mouse. Keeps track of actual keyboard activity and
breaks)
Week 1 Concept Exercise: Fearful data entry
Sit on the edge of your chair and breathe as follows:
Inhale sharply through your open mouth. Hold this breath and, at the same time, keep
breathing shallowly and irregularly with your eyes wide open. Tense your body and
lean slightly backward, as if trying to avoid an attack. Bring your hands to the
keyboard, slightly spread your fingers, tense your arms, and rapidly begin to type.
Continue typing and breathing in this pattern for one minute.
Observe how you feel. Did you notice an increase in discomfort? Did the discomfort
feel familiar? If you did notice an increase in discomfort, then it is likely that you slip
into a similar pattern of tension when working and, thereby, create discomfort.
This observational exercise illustrates the following dysfunctional patterns that often
occur at the keyboard:
 Shallow rapid breathing
 Decreased blinking—the rate of blinking is 75% less than when relaxed
 Chronic tension in the forearm extensors, which are used to lift the fingers
 Minimal yet chronic lifting and tightening of the shoulder muscles while typing
and mousing
 Immobility and stiffness
 Low static level of muscle tension and lack of blood and lymph circulation due to
immobility and limited task variation
These patterns occur during intensive computer work. It is difficult to observe one’s self
while at the computer. It is much easier to observe others. Notice the following in coworkers:
 How often are they blinking?
 Do they continue to stare at the monitor?
 Are their fingers tensed even when resting their hands above the keyboard?
 Are their index fingers poised to mouse click even while they are waiting for the
computer to respond?
 Are they breathing predominantly shallowly and rapidly in their chests?
 Are they tensing their shoulders?
 How often do they really move? Is their movement mainly limited to the keying
and mousing, or do they get up, move and wiggle?
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Week 1 Concept Exercise: Threading the needle
Sit comfortably with your eyes closed; imagine that the middle button of your shirt
has fallen off and that you quickly have to sew it on. Imagine that you are holding
a needle with a very small eye between the thumb and index finger of your left
hand. Picture yourself taking a white thread with your right hand and holding the
thread between your right thumb and index finger. Bring the tip of the thread to
your lips. Whet the thread to make it into a point and then thread it through the
eye of the needle.
Now with open eyes, physically act it out; thread of the needle. Really hold the
imaginary needle in front of you, bring the tip of the thread to the eye of the
needle. Literally see and feel yourself threading the needle.
As you are focused and involved in this task, what is happening to your shoulders,
the blinking of your eyes, the location and frequency of your breath, the muscle
tension in your back, legs, arms and fingers? How did it change when you acted it
out?
In almost all cases, you will notice that during precise, accurate work (the imaginary
threading of the needle) you stared, did not blink, held your breath, raised your shoulders,
and tensed your whole body, thereby making it more and more immobile. This pattern of
tension and breath-holding often occurs during mousing.
Reduced blinking is a normal outcome of working at the computer. The previous
Concept Exercises demonstrate that these reactions are part of our biological survival
functions. Rapid visual changes trigger alertness and vigilance—danger is near! From a
pre-historic, evolutionary perspective, a rapid visual change means the movement of a
predator. The moment we sense predatory movement, we freeze and become still. We
hold our breath—suppressing the noise from the air flow—so that we can better hear the
enemy. Shallow and rapid breathing is the result of trying not to move. When our whole
body is still we become less visible to a predator, since movement and change are easily
observed. In this frozen state, getting ready to fight or flee, our eyes open wide and the
pupils become bigger. More light can come in and more information can reach the retina.
However, depth perception decreases because the pupil size has increased, and the lens
must work harder to keep objects in focus. We blink less because it interrupts the visual
information stream. Hence, it is not surprising that many people who work at the
computer experience eye complaints, such as dry, burning and tired eyes. This pattern of
aroused vigilance can significantly contribute to the development of SIS/RSI (Stress
Immobility Syndrome/Repetitive Strain Injury) complaints.
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Week 1 Handout: sEMG Monitoring/Training Form
Date______________ Participant___________________ Coach ___________________

Instructions: Monitor from forearm, deltoid, trapezius and/or other muscles at the
workstation during data entry, mousing, resting and ergonomic adjustments.
Date:

Subject:

Placement of sensors:
Purpose of monitoring:
Observations:

Date:

Subject:

Placement of sensors:
Purpose of monitoring:
Observations:

Date:
Placement of sensors:
Purpose of monitoring:
Observations:
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Week 1 Handout: Break Log Form
Name____________________________________________

Day



Type of Breaks
Time Micro Meso
Large

Install break reminder software.
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Week 1 Handout: Prevent Computer Related Symptoms with Micro-Breaks:
A Biofeedback Derived Systems Approach 1,2
Erik Peper, Ph.D. 3 and Katherine H. Gibney 4
San Francisco State University
Two years after his first ergonomic assessment Mark was still suffering
from muscular pain. His employer had followed the recommendations of
the ergonomist, purchasing a new chair and keyboard, lowering the
monitor, and installing an adjustable workstation with a slant table. Yet,
with all these changes, Mark continued to complain of severe and chronic
neck pain, tingling down his arms, and aching in his forearm. In fact, his
discomfort had increased.
Mark’s story is, unfortunately, a very common one. Why, after spending so much money
and making the ergonomic corrections, do Mark and thousands of other workers still
suffer from computer-related disorders? State and federal health and safety agencies,
along with employers and workers, struggle to find the answer. If it is not just
ergonomics, then what causes computer-related discomfort?

Work Style and Awareness
Research at the Institute for Holistic Healing Studies at San Francisco State University by
Erik Peper, Ph.D., and colleagues (Peper et al, 2003; Peper, Gibney & Wilson, 2004,
Peper and Gibney, 2000) have shown that an employee working at the computer usually
holds chronic and unnecessary muscle tension—tension of which the worker is usually
ignorant. The researchers used biofeedback to measure muscle tension, respiration
patterns and hand temperature. They found that 95% of employees automatically raised
their shoulders as well as maintained low-level tension in their forearms while
keyboarding and mousing (Peper et al, 2003). Sustaining a posture of tension—raised
shoulders, arms reaching forward, quick breathing, and, sometimes, cool fingers—
inhibits the body from relaxation and places one at risk of injury. Think about how often
you wait in anticipation, with your arm extended, ready to click the mouse button. At the
same time, breathing becomes more shallow and rapid which is associated with
discomfort at the workstation.
Equally important to chronic tension is the lack of awareness. In many cases, employees
are captured by their work and are unaware of, or ignore, physical discomfort until they
1

Peper, E. & Gibney, K.H. (2005). Prevent Computer Related Symptoms with Micro-breaks: A
Biofeedback Derived Systems Approach. Rehab & Therapy Products Review. 21-22. (Dec/Jan issue)
2
This article has been synthesize from two articles by Peper and Gibney (2000) and Peper and Gibney
(2005) and is reprinted with permission of the Association for Applied Psychophysiology and Biofeedback.
3

Correspondence concerning this article should be addressed to Erik Peper, Institute for Holistic Healing
Studies, San Francisco State University, 1600 Holloway Avenue, San Francisco, CA 94132. E-mail:
epeper@sfsu.edu

4

We thank Vietta S. Wilson, Ph.D. for her feedback on the manuscript and Christopher Gibney, L.A.C.,
DHOM and Laura Peper for generously volunteering to be models.
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hurt. Almost all employees studied thought that their muscles were relaxed when they
were sitting correctly at the computer. However, the actual physiological data showed a
different picture. Even when resting on the wrist rest, they did not totally relax their arms
and shoulders.
The graph in Figure 7-7 is a physiological recording in which muscle tension from the
neck- shoulders and forearms was recorded, as well as respiration rates from the chest
and abdomen. This graph demonstrates a common pattern found in computer workers:
unnecessary tension in the shoulders, rapid breathing and a lack of breaks when working.

Figure 7-7. A representative recording of a person working at the
computer. Note how trapezius-deltoid and forearm extensor muscle
tension increases without micro-breaks as well as an increase in
respiration rate. Yet, the person is totally unaware of the major
physiological changes.

No Breaks and Increased Stress
Muscles are designed to alternate between tension and relaxation. When held in chronic
contraction, discomfort and referred pain is more likely to occur. Working at the
computer without a break is analogous to holding your arm out in front of you for a very
long time without rest. How long could you hold your arm up without developing
discomfort? Five minutes? Ten minutes?
The “conscientious” employee who does not take breaks—micro, large movement or
lunch—denies himself regeneration. In addition, the near visual stress of working at the
monitor tends to increase arousal and chest breathing, exacerbating the tension in the
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upper back, neck and shoulders, as well as decreasing peripheral circulation. This lack of
breaks, added tension, and increased arousal leads to an injurious cycle of discomfort and
higher reactivity to work stress.
Micro-Breaks
Micro-breaks are 1-2 second interruptions of muscle tension every 60 seconds. During
use, muscles contract around the blood vessels inhibiting blood flow. If tension is
maintained without interruption (static effort), blood as well as lymph flow is
continuously inhibited at a time when more flow is required. When effort is dynamic—
that is the alternation of tension and relaxation—blood and lymph are pumped through
the muscles and health is maintained. A common example of dynamic effort is standing
and walking: we can stand or walk for extended periods of time without discomfort
(resting or dynamic effort) because our blood/lymph flow matches our effort. However,
if we were to stand holding our leg up (static effort), we would experience discomfort
quickly because static effort demands similar blood/lymph flow as dynamic effort but
none is being supplied. Chronic static effort (stress immobility syndrome) can result in
injury and discomfort, such as found in repetitive motion injury (RMI). Figure 7-8 is a
simple illustration of the body’s need for blood and lymph flow during activities 5 .

Fig. 7-8. Graphic illustration of how blood flow and lymph circulation is
reduced during static efforts.

5

Adapted from Grandjean, E. (1987). Ergonomics in Computerized Offices. New York: Taylor and Francis.
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Taking micro-breaks during static muscle activity, such as working at the computer,
changes the effort from static to dynamic. A portable electromyography (EMG)
biofeedback machine with a 60-second delay alarm, such as the MyoTrac™ produced by
Thought Technology, Ltd. (http://www.thoughttechnology.com, is a superb trainer for
learning micro-breaks while working at the computer. A threshold for relaxation is set
and, as one works at the computer, the EMG gives an auditory signal whenever the
muscle activity is above the set threshold for more than 60 seconds. The 60-second timer
resets itself each time the muscle activity drops beneath the threshold. With this
feedback, employees can be trained for micro-breaks at the worksite. As they work, they
can ensure dynamic effort by taking a micro-break or performing an activity that drops
the EMG beneath threshold. If they forget, the feedback signal reminds them to do so.
Common electrode placements for training micro-breaks include forearm extensors or
flexors, upper trapezius and anterior/medial deltoid as illustrated in Figure 7-9. Detailed
electrode placement instructions and strategies on how to use a portable EMG to promote
healthy computing and prevent RSI are found in Peper and Gibney (2000)
(http://www. mindgrowth.com)

Fig. 7-9. Illustration of the three common electrode locations

Many patients and clients whom we have trained report a significant increase in energy
combined with a decrease in discomfort when taking micro-breaks during keyboarding
and mousing. Although brief breaks are commonly recommended by ergonomists,
equipment manufacturers and health care professionals, people generally do not relax
muscles when more work is sitting in front of them, even though they may be resting
their hands in their laps. The portable EMG, with a 60-second alarm, can help them
develop awareness of what is truly a resting muscle state.

New Employee Training in a Systems Perspective
Prevention and remediation of computer-related disorders must address the whole picture
in a systems perspective, utilizing real-time, objective measurements. A systems
approach to prevention should include proper ergonomics as well as training in work
style, somatic (mind/body) awareness, regeneration, stress management, vision care,
fitness and corporate support. Biofeedback takes the guesswork out of ergonomics by
providing objective muscle tension measurements, and helps employees become aware
and change their work habits.
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Employee computer training should expand beyond information training to include how
to work at the computer while maintaining health and productivity. We urge employers to
implement a healthy computing prevention program for new employees such as has been
developed at San Francisco State University. A 9-month follow-up of employees who
participated in a 6-week training session utilizing biofeedback found that symptoms
decreased by 73%. When employees develop awareness and acquire the skills to work
healthfully at their peak, this alarming epidemic will abate (Peper et al, 2003). Using a
group training model that included muscle biofeedback for micro-break training, Peper,
Gibney & Wilson (2004) found that trained employees, as compared to the control group,
reported a significant overall reduction in work-related symptoms. This included
significant reduction of muscle strain of the head, neck and shoulder, wrist and hands,
arms, and overall tiredness. To reduce computer-related discomfort, implement the
following:
1. Take micro-breaks. Every 60 seconds drop your hands to your lap and let your
shoulders relax for one second and then relax again for a second before returning
to work.
2. Breathe slower, lower and more in your abdomen instead of your chest.
3. Take large movement breaks. Every 20 minutes get up and move.
4. Use a split keyboard without the number pad, if your work allows it, so that the
mouse is more central.
5. Blink at the end of every sentence or every column of numbers.
6. Mentally scan your body for tension. Relax unnecessary tension and wiggle in
your chair.
7. Check your stress level. If you feel stressed, take action steps to eliminate the
stress, such as asking for help with your projects or talking with someone to let
off steam.
8. Exercise daily; remember that computing is an athletic event and maintaining
fitness will help prevent discomfort.
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Session 2
Main points:
 Micro- /meso- /macro-breaks
 Ergonomic awareness
 Self-practice with MyoTrac
Outline:
 Review prior week practices
 Discuss comfort level with monitoring people and what to do
 Discuss breaks: micro-, meso-, and macro- (large movement)
 Practice using MyoTrac with each other to learn micro-breaks while
keyboarding
 Discuss computer interrupt programs
 Demonstrate Hoverstop® mouse. A mouse that begin to vibrate when the hand
has been resting on it for a period of time without any activity
(see: http://www.hoverstop.com)
 Overview of ergonomics
 How to use sEMG to determine the optimum ergonomics
 Homework
o Continue keeping log of breaks during week on Week 1 Handout: Break
Log Form
o Practice typing:
 with relaxed shoulders
 while incorporating many micro-, meso- and macro-breaks
 while blinking
o Borrow MyoTrac for personal and/or co-worker practice and record
observations on Week 1 Handout: sEMG Monitoring/Training Form
o Explore sEMG monitoring using Week 2 Handout: Suggestions for
sEMG Monitoring
o Use the MyoTrac to monitor yourself at work with auditory feedback
while relaxing, for ergonomic positioning and when practicing microbreaks. Use it to get others interested and curious.
o Purchase a Hoverstop™ mouse and install it at your computer
workstation. This mouse vibrates shortly after it detects that you are just
resting your hand on it. It is a great a micro-break reminder.
o Check own chair and work conditions in your office. Use Work Style and
Symptom Questionnaire (p 129) and Ergonomic Check List (pp 133138).
o Assess yourself with Week 2 Handout: Eight Components of Healthy
Computing Worksheet
o Suggested reading
 Using the MyoTrac for ergonomics-Positions while Working
(pp 77-93)
 Ergonomics Guidelines (pp 140-148)
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Week 2 Concept Exercise: Feel the Mouse
Sit at your computer. Place the mouse on a surface about 12-18 inches to the side
of your body. Now carefully use the mouse to write your name and street address
backward and left click when you finish each letter. Draw each letter so that the
mouse moves very finely with the least amount of movement (each letter should be
only a ¼ inch in height). Observe what is happening in your body.
Most people report that when they mouse to the side, they unknowingly tighten their
trunk, take short breaths or hold their breath, and tense their neck and shoulders much
more than when they mouse centrally.

Week 2 Concept Exercise: Static Muscle Tension
Stand comfortably near a wall or table to help you balance as you stand on your
left foot. Now lift your right foot forward as if beginning to take a step while
walking. Hold the right foot is about a 12 inches forward and about 4 inches
from the floor. Hold this position while you continue to stand on your left foot.
Keep standing like this.
How long can you continue to lift your right foot without putting it down? After a
while, notice the tiredness, fatigue, and the pain in your hip or thigh.
Most likely, after a few minutes you will have to put your right foot down due to fatigue.
This example of static muscle tension demonstrates the discomfort that occurs due to
significantly decreased blood flow through the tissue. Muscle contractions act as a cuff to
occlude (decrease) blood and lymph flow. On average, tensing a muscle 20% of
maximum can reduce blood flow by 80%, causing fatigue and preventing regeneration.
Yet, we have no problem walking for hours when the muscles continuously alternate
between tightening and relaxing, allowing blood and lymph flow during the seconds of
relaxation.
If muscles do not relax, regeneration cannot occur. Yet, in most cases we tighten the
muscles until we experience discomfort. Children even scrunch up their faces while
writing. How does the scrunching of the face help writing? Usually, we are unaware of
unnecessary muscle tightness/tension that occurs while working. Static tension
significantly affects our health and flexibility.
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Week 2 Handout: Suggestions for sEMG Sensor Locations
To optimize mouse & keyboard positioning
Place the Triode™ electrode on the belly of the deltoid.
OPTIONAL: Place one active electrode on the anterior deltoid and
the other active electrode on the posterior deltoid with the
reference on the acromion midway between the two active
electrodes.

To assess shoulder tension during data entry
Place the Triode electrode on the right upper trapezius midpoint
between the acromion and T1 on the spine. OPTIONAL: Place
one active electrode on the left scalene just posterior to the
insertion of the sternocleidomastoid; the other active sensor on the
right upper trapezius midpoint between the acromion and T1 on the
spine; place the reference electrode on T1.

To assess arm and shoulder muscle tension during mousing
Place an active electrode on the anterior deltoid, the second on the
upper trapezius midpoint between the acromion and T1 on the
spine, and the reference on the acromion.

To train for micro-breaks
Place the Triode™ electrode midpoint between the elbow and the
wrist on the extensor muscles (top) of the forearm. OPTIONAL:
Place one active electrode midpoint between the elbow and the
wrist on the extensors (top) of the forearm and the other active
electrode midpoint on the flexors (bottom) of the forearm with the
reference electrode equal distance between the two active
electrodes on the ulna bone.

To train for effortless breathing
Place one active electrode on the left scalene just posterior to the
insertion of the sternocleidomastoid; the other active sensor on the
right upper trapezius midpoint between the acromion of the
shoulder and T1 on the spine; place the reference electrode on T1.
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Week 2 Handout: Eight Components of Healthy Computing Worksheet
OBSERVATIONS
RECOMMENDATIONS
1. WORK STYLE
Micro-, meso- and macro-breaks
Asymmetrical work habits
Eating at desk
Stretch break
Other:
2. ERGONOMICS
MyoTrac™ sEMG demonstration
Chair
Keyboard and mouse
Monitor
Telephone
Light and glare
Temperature, draft, noise
Other:
3.SOMATIC AWARENESS
MyoTrac™ sEMG for awareness
Neck and shoulder tension
Mind/body reaction
Breath holding/chest breathing
Other:
4. STRESS MANAGEMENT
Job pressures
Mood and irritability
Joy
Other:
5. REGENERATION
Relaxation
Hobbies
Other:
6. VISION CARE
Monitor: glare and resolution
Squinting
Blinking
Computer glasses
Other:
7. FITNESS
Exercise
Stretching
Other
8. WORK ENVIRONMENT
Support from co-workers
Support from supervisor
Other:
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Session 3
Main points:
 Importance of breathing patterns
 How imagery and thoughts affect body
 Somatic awareness
Outline:
 Review previous week
o Self-reports of benefits and challenges of installing the computer break
program, practicing micro-, meso-, and macro-breaks
o Challenges using the MyoTrac for assessment and training
o Observations of the 8 component self-assessment
 Practice coaching (role playing) each other in how to take micro-breaks and how
to encourage others to implement some of the healthy computing concepts.
Practice in groups of 3-4.
 Discuss importance of breathing diaphragmatically as described in Week 3
Handout: Learn and Practice Effortless Breathing at Home and at Work
 Demonstrate various ergonomic options to enhance health, such as sitting on a
large ball (e.g., Thera-Band 65 cm exercise ball) instead of a chair. Explore other
ergonomic options, such as a split keyboard, keyboard without the number pad or
touchpad.
 Review the importance of blinking to relax the eyes. Explore the subjective
experience of opening your eyes while inhaling versus opening your eyes while
exhaling.
 Explain trigger points and referred pain (see the work by Travell and Simons,
1999).
 Use MyoTrac to monitor muscle activity from scalene to trapezius muscles
while:
o Teaching diaphragmatic breathing
o Practicing breathing while lying down with a 3-5 pound weight on lower
abdomen (we recommend a bag of rice or beans for the weight)
o During typing and mousing while maintaining diaphragmatic breathing
 Homework
o Continue keeping log of breaks and breathing practice on Week 1
Handout: Break Log Form. Wear MyoTrac while working at the
computer. Use MyoTrac to interest employees to participate.
o Practice typing with relaxed shoulders and incorporate micro- and macrobreaks.
o Identify a co-worker on whom you perform an ergonomic and a
physiological assessment.
 Borrow MyoTrac for monitoring and performing physiological
assessment (pp 67-71)
 Take digital pictures of the co-worker you are coaching while s/he is
working at the computer
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Record assessment/training on Week 1 Handout: sEMG Monitoring
/Training Form and Week 2 Handout: Eight Components of
Healthy Computing Worksheet
 Encourage co-worker to keep log of breaks and record on Week 1
Handout: Break Log Form
o Read
 Week 3 Handout: 9-Step Problem Solving Approach
 Breathing patterns (pp 61-66)
 Breathing with weight (p 162)
 Different ways to monitor people
Week 3 Concept Exercise: Incomplete Exhalation
Sit comfortably and breathe normally. As you exhale, release only about 60%
of the air you have just inhaled. Then inhale, and again exhale only about
60% of the inhaled air. Continue to do this for about 45 seconds. Sigh or let
go if you need to, and then begin the exercise anew.
After 45 seconds, stop and note what you have experienced.
Almost everyone reports that 45 seconds seems like a very long time. If you guide others
through the exercise by just saying “start” and “stop,” you will find that many will say
that the 45 seconds seemed as if minutes passed. Almost everyone finds it uncomfortable,
and many subtle and not-so-subtle symptoms will occur, such as neck and shoulder
tension, an inability to get enough air (air hunger), anxiety, nervousness, dizziness and/or
light-headedness, heart palpitations, headache or increased pain.
Habitual shallow breathing, punctuated with sighs, contributes to feelings of tension,
anxiety and fear. This breathing state is an indication of vigilance, fear and the alarm
reaction—the body is cannibalizing itself to get to a place of safety. On the other hand,
effortless breathing with the predominant movement in the abdomen is associated with
relaxation, regeneration, and the reduction of tension in the neck and shoulders. Just
imagine how a relaxed baby breathes—its belly moving in and out. As the baby inhales
the stomach fully enlarges, and as the baby exhales, the stomach becomes smaller.
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Week 3 Concept Exercise: Imagine
Gently close your eyes and imagine a lemon. Notice the deep yellow color, the
two stubby ends, and the label "Sunkist" stamped on its side. Place the lemon on
a cutting board and cut the lemon in half with your favorite kitchen knife. Notice
the pressure of the knife in your hand as you cut the lemon. Feel the droplets of
lemon juice sprinkling against your skin. After cutting it in half, put the knife
down and pick up one half of the lemon. As you look at it, notice the droplets of
lemon juice glistening in the light, the half-cut seeds, the outer yellow rind, the
pale yellow-white inner rind, and the pulpy membranes containing the lemon
juice. Now get a glass and squeeze this half lemon so that the juice goes into the
glass. As you squeeze, notice the tension in your hand and arm. Feel droplets of
lemon juice squirting against your skin. Hear the plopping of the seeds and pulp.
Smell the pungent, sharp, tart odor. After squeezing one half, take the other lemon
half and squeeze the juice out of it into the glass. Now put that lemon down, and
take the glass in your hand. Feel the coolness of the glass. Bring the glass to
your lips, tilt the glass and feel its pressure and coolness on your lower lip. Tilt
the glass a little more, feel the juice against your lips, then open your lips and sip
the lemon juice. Taste and swallow the lemon juice. Observe the pulp and seeds
as you swallow.
As you imagined this, did you notice that you swallowed, that you experienced an
increase in salivation, or that your mouth puckered? More than 95 % of people who
listen and participate in the above imagery experience some of these physical changes.
Now again, sit back and have someone read the following to you.
Her resistance was gone, and she began to melt in a marvelous peace. Softly, with
that swoon-like caress of his hand, in pure soft desire, softly he stroked the silky
slope of her loins, down, down between her soft warm buttocks, nearer to the very
quick of her. She felt him... and she let herself go to him. She yielded with a
quiver that was like death. She went all open to him. And, oh, if he were not
tender to her now, how cruel, for she was all open to him and helpless.
--From: D.H. Lawrence, Lady Chatterley's Lover
What did you notice? Did you feel some sensual arousal (remember, if there was no
mind-body connection, there would be no reason for having erotica or sex sites on the
web), judgment (that should not be in this book), or embarrassment? What sensations
changed in your groin, chest and face?
These bodily changes—increases in salivation, sexual arousal or embarrassment—
demonstrate that our thoughts and images have a direct effect on our bodies. Similarly,
when we experience thoughts of anger, resentment, frustration or anxiety, we
unknowingly tighten our shoulders. This increase in tension in the trapezius muscle (the
shoulders), in combination with activities associated with data entry, typing and mousing,
limits our potential to relax and regenerate spontaneously.
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Week 3 Handout: Learn and Practice Effortless Breathing at Home and At Work
During the day observe your breathing. Remember that under stress breathing tends to be
rapid and shallow and punctuated with sighs and episodic breath holding. By breathing
lower and slower you can reduce your psychophysiological stress and prevent exhaustion.
Whenever you observe yourself holding your breath or breathing more rapidly, practice
breathing slower and lower. Loosen your belt so that your abdomen can expand.
Effortless breathing and Healthy Computing are made for each other. The following
practice is adapted from the book, Make Health Happen (Peper, Gibney & Holt, 2002).

EXHALE

INHALE

© 2000 Peper

Figure 7-10. During inhalations the abdomen expands as the diaphragm
descends and flattens while during exhalation the abdomen constricts as
the diaphragm ascends.
Reminders and suggestions







Breathe “low and slow.” Feel the movement in your abdomen, below the navel as
shown in Figure 7-10.
Eliminate “designer jeans syndrome.” If you wear constricting clothing, experiment
with a more loosely fitting style.
Stop the practice if you feel faint, dizzy or lightheaded as you might be breathing too
fast and too deep. Allow yourself to gently focus on the very slow exhalation.
Lengthen the exhalation, try letting the air out with a "Ssssss" sound as if exhaling
through a very tiny opening. Exhale longer and slower; let the airflow be less. The
sound itself will help to remind you to breathe slowly. Imagine that as you breathe,
your legs and feet contain hollow drinking straws through which the air can flow in
and out.
Practice at a 70% rather than 110% effort. The purpose is to learn at your own pace,
not to be perfect.
Under stress, exhale first before taking the next breath.
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Do not expect instant success. Be patient. The skills to be learned may take many
weeks or even months to master. When you first begin breathing diaphragmatically,
you may experience a reduction of skill in some areas. For example, when you first
begin to breathe diaphragmatically while speaking, it may feel awkward and
impossible. Or when breathing diaphragmatically while performing music, initially
you may feel distracted from the playing, and your performance may suffer. This
happens because the arm/hand movements involved with playing the instrument were
learned (conditioned) with thoracic breathing; you are now relearning the skill in
association with the new, healthier breathing pattern. Do not be alarmed; you will
find that your new skill level will exceed the previous level in time because
diaphragmatic breathing helps you to release dysfunctional muscle tension and lower
your stress arousal.
Emotions may surface when you breathe effortlessly. In rare cases, you may find that
you experience strong emotions when you allow yourself to breathe
diaphragmatically and relax (opening) the abdomen.
Raise your arms to chest level and cross them so that you can interlace your fingers
with palms touching. Then, with interlaced fingers, reach up and behind your head as
far as you comfortably can. This posture limits chest movement and encourages
predominantly abdominal breathing.

Other Strategies for Success










Focus on exhalation first.
o Assist exhalation by gently pushing on the trainee’s abdomen and/or sides with
your hands. (Note: Always ask the trainee for permission to touch.)
o Encourage the trainee to exhale through a very small opening in his lips and to
count out loud as he exhales to increase the length of exhalation.
o Gently, yet firmly, stroke down the trainee’s arms from shoulders to hands in
rhythm with exhalation.
Assist inhalation by gently placing your hands on the trainee’s abdomen and/or sides
to encourage the trainee to expand his abdomen.
If the abdomen is tense or tight:
o Encourage the trainee to draw the abdomen in and then expand it.
o Then ask the trainee to move his abdomen rapidly in and out.
Assist shoulder relaxation by:
o Gently shaking or rocking the trainee’s shoulders, or holding them down with a
slight pressure.
o Instructing the trainee to tense and relax his shoulders.
Discuss the implications of striving (trying too hard), when attempting to breathe
perfectly.
Discuss self-image associated with letting the abdomen enlarge, when expansion
occurs.
Use imagery. For example, have the trainee imagine the air moving up from his feet
through his legs, or a balloon expanding and contracting in his abdomen, or
enjoyment of the fragrance of a rose while inhaling slowly.
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NOTE: When learning diaphragmatic breathing:




The trainee may experience light-headedness and possibly hyperventilation due to
exhaling too rapidly. The goal will then be to coach him to exhale more slowly.
The trainee may sometimes become aware of and experience strong emotions related
to past trauma, so give support and allow expression of these feelings.
The trainee may feel more relaxed and better and sometimes at the first sign of
improvement s/he may desire to discontinue prescription medication. Always
recommend that the trainee reduces his/her medication under supervision of the
appropriate health care professional.

Specific Instructions for Breathing Practice
For the sitting position, sit in a comfortable chair, preferably one providing good lower
back support. Place both feet on the floor, with knees slightly apart. (If your feet do not
touch the floor, you might put a phone book under them, or whatever is handy.) Loosen
your belt or waistband and undo your zipper part way to allow plenty of breathing room.
For the lying position, choose a comfortable surface, such as a bed or a rug. Lie on your
back with your feet shoulder width apart and your arms a few inches away from your
body. Be sure you are comfortable; you might place one pillow under your knees for
lower back support and a thin one under your head.
Have a 2 to 5-pound weight that you can place on your abdomen. This can be a book or a
bag of rice or beans. (We recommend a bag of rice or beans because it conforms to the
curve of the abdomen and is less likely to slide off.) The weight on your abdomen holds
your attention to the abdomen and facilitates exhalation.
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Week 3 Handout: 9-Step Problem Solving Approach 6
Rewriting our behavior may also involve changing conditions within our environment.
Our behaviors may impact or be influenced by conditions over which we have control but
may not have thought to change. The 9-Step Problem Solving Approach is useful in
identifying problems in our lives and in developing strategies to foment change.
Using this strategy you will select the problem you want to address, generate possible
solutions, identify one or more workable solutions, implement a plan, and follow-up on
your progress. Problem solving includes a willingness to explore and take risks so that
more can be achieved. Most problems have a solution even though it may not be obvious
at first. Finding a solution may demand that we think outside the box. For example, if
you are working at the computer and the monitor is too low, you could purchase a stand
to raise the monitor or, by shifting perspective, you can insert a telephone book
underneath it to serve the same purpose. All it takes is a willingness to explore,
experiment, and play. This 9-step process is useful in resolving most problems. First,
read through the general procedure and the example. Then set aside at least 30 minutes to
complete steps 1 through 7 using the Week 3 Handout Worksheet: Problem Solving to
help you organize your thoughts. When you have implemented your plan, complete steps
8 and 9.
1. Define problem. List all your problems, allowing them to flow freely on the paper
without editing them. When you are done, rank order them and identify the one
problem you want to work on now. Describe this problem in detail—a concrete and
specific form. Describe: How, when, how often, where and what. A common
challenge in this step is specificity; framing the problem in a non-specific and diffuse
form can prevent us from effectively addressing it. If we see the problem
everywhere, or in most daily situations, it can appear overwhelming and unsolvable.
For example, if the problem is that I am timid, I can narrow it down to being timid at
work, rather than everywhere. Then I can begin to address the problem in that one
situation. It is usually easier to learn to solve problems by beginning to work on a
small one.
2. Brainstorm solutions. Write down all solutions however silly, crazy, or ridiculous.
Make a list of all solutions as they pop-up—just write them down one after the other
in order. At this stage do not judge or criticize the possible solutions. Allow a free
flow of ideas. Common pitfalls in this stage of problem solving are:
 Judging the solutions as they occur (e.g., thinking “This is silly” or “What a
stupid idea” or “It can’t be solved”). Postpone judging until after brainstorming;
just acknowledge those thoughts and the internal critic and put all judgments to
the side. Then continue to allow other childlike and crazy ideas to come forth.

6

Adapted from: Peper, E., Gibney, K.H. & Holt. C. (2002). Make Health Happen: Training Yourself to
Create Wellness. Dubuque, IA: Kendall-Hunt.
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3.
4.

5.

6.

7.

8.

I cannot think of any solutions (e.g., feeling blank or frozen). In this case,
acknowledge the block and then bypass it by asking yourself what someone else
would suggest (e.g., your best friend, therapist, mother, politician, dog or
supervisor).
 I think the problem is beyond my control and therefore I will not even try to
generate solutions. If the problem is beyond your control and there is nothing you
can do, there are really only two solutions: accept the situation (e.g., it happened
and there is nothing I can do about it) or remove yourself from the situation or
problem (remember that environment can be stronger than will power).
 After generating all possible solutions, take a break and see if other solutions pop
up. If possible, ask your friends, family members, or colleagues for help and
suggestions for solutions.
Review and evaluate brainstormed solutions. List all the pros (benefits) and cons
(problems, difficulties) for each solution.
Identify the best solution. Review your assessment of the solutions, then rank order
and select the best solution. Pick the solution that can work in the face of all the
constraints. Common pitfalls that may occur are the absence of any viable solution or
that the brainstormed solutions will not solve the problem at this time. If no solution
appears viable, accept that for now you are still working on a resolution; keep the
problem in writing where you can continue to think of a resolution (do not get down
on yourself for not resolving it immediately). Schedule a future time to review the
problem and/or request help from others. If feasible, hire an outside consultant to help
with the problem solving.
Develop an action plan to implement the solution. Make this action plan very
specific. It should include answers to: what, when, where, how, with whom, and
under what conditions. Be sure you include a time-line. Define the action plan in total
detail. Common pitfalls are:
 Lack of specific details. If you think, “I will just do it,” instead of creating a
detailed plan, you may not achieve the desired results.
 Believing that I do not have the resources to implement the action plan (e.g., it is
too expensive, too difficult, or too daring). Solve this by taking the time to review
your solutions and ask for assistance from others. Appeal to your family, friends
or coworkers for help or enlist the services of an outside consultant. Remember,
two brains are often better than one.
Mentally rehearse the action plan. Imagine seeing yourself executing the plan;
identify any barriers or blocks that would prevent success. Then develop strategies to
overcome the barriers and blocks. A common pitfall is the thought that the barriers
and blocks are overwhelming (e.g., my family, boss or co-workers will block it).
Investigate the validity of the barriers and blocks. Often, the blocks are in our own
minds and may not be actual limitations and constraints imposed by others.
Communicate your needs to your co-workers, family, and friends.
Revise the action plan in response to imagined barriers. Incorporate procedures to
bypass and overcome the barriers. Be sure the plan is very specific. You know
exactly what you want, when you want it, and how and when it is to be done.
Implement the plan and keep detailed notes on the progress. Keep a detailed log
of what actually happened when you carried out the action plan. Also, schedule a time
to review the outcome of the action plan. The most common pitfalls are:
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Not documenting what actually happened so that later it is challenging to know
exactly why it was or was not successful.
 Not scheduling a time to review the outcome of the plan.
9. Follow-up assessment of the action plan. Review the outcome of your action plan.
Continue if successful or stop if your goal has been achieved. If less than successful,
go back to step 1 of the problem solving process and develop a new action plan in
response to the barriers that occurred. Common pitfalls are the lack of time to
implement the plan, other work/activities took priority or interfered with the plan, or
social pressure.

Following is a detailed example of the 9-step process.
1. Define problem
The keyboard is too high and causes my shoulders to go up when I work on the
computer. This contributes to discomfort: shoulder tightness and slight tingling in my
arms by the end of the day.
Observation: This problem needs more specificity since it consists of two parts: The
keyboard is too high and having shoulder and arm discomfort. It is best to redefine
the problem very specifically:
a. Keyboard is too high.
b. Problems with neck and shoulders at the end of the workday
Determine the one problem that you want to resolve, even though resolution of one
may result in the resolution of the second. In this example, the keyboard is too high
is the problem to brainstorm.
2. Brainstorm solutions
a. Get a keyboard tray
b. Saw part of the legs off the desk so that the whole desk is lower
c. Find another job that does not include keyboard work
d. Get a pillow and sit on it.
e. Buy a voice activated data entry program
f. Hire an assistant to do the data entry
g. Get a lower desk
h. Get a leg operation to make me taller
3. Review and evaluate brainstormed solutions
a. Buy and install a keyboard tray. It is possible, however it costs money and
takes time to install, and it may not provide enough room for a mouse.
b. Saw part of the legs off the desk so that the whole desk is lower. It is possible
on this desk since the legs are wooden. Do I have the tools? What will other
people say? I will need to check with my supervisor if it is okay—it is usually
easier to ask for forgiveness than for permission.
c. Find another job that does not include keyboard work. No, I like my job. I
just need to change the keyboard height.
d. Get a pillow and sit on it. That is a possible solution until something better
comes up. It may not look neat in the office.
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4.

5.

6.

7.

8.

9.

e. Buy a voice activated data entry program. It is a possibility, however, it will
take money. Then I will be talking all day, which I don’t want to do. It does
not really solve the problem.
f. Hire an assistant to do the data entry. Yes, this and retiring would be great,
although not yet realistic since I do not have the budget for it.
g. Get a lower desk. This is a possibility; however, it may cost too much money.
h. Get a leg operation to make me taller. Oh well, it’s fun to be silly!
Identify the best solution. First, I will begin to use a pillow as a temporary solution
and then in the next few days lower the height of the desk by either trimming the legs
or by buying a new desk.
Develop an action plan to implement the solution. I have a pillow at home that is
on the couch and I will bring it in tomorrow. This afternoon I will speak with my
supervisor about the need for a lower desk. I can trim the legs of the desk. I have a
saw and I could do this on Thursday after work. I will ask Michael to help me move
the computer from the desk so that I can do it.
Mentally rehearse the action plan. (Mentally rehearse the plan and identify any
blocks that would prevent implementation. Take yourself through all the steps.) I
saw myself talking to my supervisor and needed to demonstrate that the height of the
desk was the problem. I better suggest that the office engineer shorten the legs of the
desk. It might take a bit longer but I won’t be stepping on any political toes.
Revise the action plan in response to imagined barriers. I will still bring the pillow
and will propose three options to my supervisor: buy a lower desk, I shorten the legs
of the desk, or I request that the office engineer does this work.
Implement plan and keep detailed log of its actions. Tuesday, I brought the pillow
from work. It helped; however, my feet could not reach the floor so I had to put a
phone book under my desk to serve as a foot stool. Tuesday afternoon at 3:17 pm, I
talked with my supervisor and she agreed that the desk could be lowered. She called
the engineer and he came Thursday at 10 and trimmed 8 cm off the legs.
Follow-up assessment. The keyboard is lower; however, I still have discomfort in
my shoulders. I will make that my next problem to solve.
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Name: _____________________________________ Date: ___________________
Week 3 Handout: Worksheet: Problem Solving

1a. List problems:

1b. Select problem you would like to solve and describe the problem in detail.

2.

Brainstorm solutions.
ridiculous.

Write down every solution without judgment, however

3. Review and evaluate brainstormed solutions.

4. Identify best solution and then describe it.
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5. Describe the action plan in detail.

6. Mentally rehearse action plan and describe possible barriers.

7. Describe the revised action plan to bypass barriers and blocks.

8. Implement action plan and write down your experiences.

9. Follow-up assessment. Describe the outcome of your action plan.

© 2006 Peper and Hughes Gibney

204 MUSCLE BIOFEEDBACK AT THE COMPUTER

Session 4
Main points:
 Role of vision
 Ergonomics 7
Outline:
 Discuss vision problems
o Avoid direct and reflected glare
o Reduce contrast
o Take frequent vision breaks; follow the 20/20 rule (every 20 min look
away for 20 sec to a distance of at least 20 feet)
 Monitor
o Top of monitor screen at eye level or lower and tilted with top of the
screen angled away from you
o Monitor at arms length distance (approximately 23-28 inches)
o Items on screen should be large enough for comfortable viewing
o Printed materials at same height and distance
 Ergonomic challenges
o Sitting without back support
o Excessive reach
o Improper height
o Awkward sustained postures
o Excessive forces—lifting improperly
o Restrictive clearance and access
o Contact stress (resting arms on sharp edges)
o Limited mobility or time to take breaks
o Excessive repetitions
o Too hot/too cold; drafts
o Laptops
o Cell phones and phones
o Back to door use mirror or change workstation location
 Low cost approaches to ergonomic challenges see Week 4 Handout: Healthy
Computing Email Tip: Beer Budget Ergonomics
o Adjust monitor resolution (software control via control panel)
o Desk height
 To raise, use deskalators or woodenblocks
 To lower, cut off legs
o Monitor too high, remove base; too low, put atop books
o Monitor too close, move desk away from wall and let monitor protrude
beyond the back of the desk
o Keyboard tray too narrow, use c-clamps and wooden plank
o Footstool, use binders to raise feet

7

We thank Ray Grott for his numerous ergonomic suggestions.
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o Text material flat, place on an angle created with binders and non-slip
padding
Review prior week homework practices
Use MyoTrac as a tool to optimize ergonomics and practice episodic relaxation
Homework:
o Continue breathing diaphragmatically while working at the computer and
during all activities
o Check vision and practice blinking (pp 163-164)
o Practice typing with relaxed shoulders and incorporate many micro-,
meso- and macro- breaks
o Keep record of breaks and movements Week 1 Handout: Break Log
Form
o Do problem solving for one issue at your worksite
o Perform an ergonomic and a physiological assessment on a co-worker
 Borrow MyoTrac for monitoring and performing physiological
assessment (pp. 67-71)
 Take digital pictures of the co-worker at the computer
 Record assessment/training on Week 1 Handout: sEMG
Monitoring / Training Form and Week 2 Handout: Eight
Components of Healthy Computing Worksheet
 Encourage co-worker to keep log for breaks and record on Week 1
Handout: Break Log Form
o Perform a follow-up on a person you have previously assessed and
coached
o Be ready to discuss one assessment you performed

Re-check your own work environment
Perform an ergonomic assessment of your workstation. Have you incorporated and
changed the risk factors that you observed before? Ask yourself what else needs to
changed. Use the problem solving process and implement the solutions. Once again
check:
 The height and type of keyboard. If possible, use a narrow split keyboard
without the number pad so that the mouse can be closer to the center.
 The location of the mouse. Do you need to widen the keyboard tray so that the
mouse can be next to the keyboard? Explore a centrally located track pad.
 Your telephone habits. Use a headset or speaker phone instead of clamping the
phone between your ear and shoulders while typing.
 Your chair. Check whether your chair provides back support or is height
adjustable. Explore whether the armrests are too high or too low. Can you remove
the armrests so that your arms can rest on your lap during a micro-break?
 The height and location of the monitor. Adjust the height so that the top of the
monitor is at eyebrow level or lower. Investigate whether a LCD screen would
give you more desk space and reduce flicker.
 The draft and room temperature. If there is a draft, change either your work
location or close or divert a heating or cooling duct vent.
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The quality of the air. If possible, ventilate the air or install an air filter. Move
copier/laser printers to a well-ventilated space and/or place an exhaust fan near the
printer. Buy some of the following plants for your office and home to clear the
indoor smog and remove the volatile organic compounds (VOCs).
 Azaleas, rubber plants, tulips, poinsettia, philodendron and bamboo palms
(formaldehyde)
 Areca palm (toluene)
 Lady palm (ammonia)
 Peace lily and chrysanthemum (acetone, methanol, trichlorethylene, benzene,
ethylacetate)

Week 4 Concept Exercise: Dry eyes
Gasp, open your eyes wide, and breathe rapidly and shallowly while you furtively
search with your eyes along the ceiling’s edge for an imaginary source of danger.
Keep looking for it as quickly as possible, as if your life were in jeopardy. Do not
skip any spot where the source of danger may be lurking. Continue searching for
30 seconds. Observe how your eyes feel. Then, let go, relax and close your eyes.
Almost all people report that their eyes are drier and that they did not blink while
searching (if you blinked, the source of danger could be missed). Many reported tightness
in their neck and shoulders. This concept exercise illustrates that vigilance and rapid
visual searching irritates our eyes and also increases head, neck shoulder and back
tension. A similar process occurs when we are fearful, our eyes open wide and we stop
blinking. The exposed larger cornea surface area increases evaporation and, thereby,
drying of the eyes.
Week 4 Concept Exercise: Chair Stability 8
Sit on the front part of your chair. Hook your feet backwards around the legs or
pedestal of the chair. Note that you sit slightly more with an arch in your back.
Now reach forward as far as you can.
Come back and sit straight up and now put your feet on the floor, shoulder-width
apart and slightly forward of your knees so that you can see your toes just beyond
your knees.
Once again, reach forward as far as you can.
Note that you are much more stable and you can reach much further with your hand.

8

Adapted from a demonstration by Ray Grott
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Week 4 Handout: Healthy Computing Email Tip: Beer Budget Ergonomics

Figure
7-11.
By permission
ofZelfmanagement.
Lanser, K(2002)
RSI Ergonomie
Lanser
, K (2002).
RSI Ergonomie en
Hardinxveld-Giessendam:
LBB en
Zelfmanagement. Hardinxveld-Giessendam:LBB
Have you heard the saying, "Champagne tastes on a beer budget"? We often feel that
way when we think of ergonomics. If you find that you look at your workstation and
think, "If only I had more money, I could have a better ergonomic set-up," you probably
have a beer budget. Ergonomic changes don't necessarily have to cost a lot of moneywhat is usually required is creativity. Help reduce discomfort caused by poor ergonomics
and increase creativity when you implement BEER BUDGET ERGONOMICS.
HOW TO IMPLEMENT BEER BUDGET ERGONOMICS:
Take a moment to assess your workstation. Then explore the following simple and
inexpensive ergonomic problems.
Desk too low:
--Place 2x4 boards, bricks, etc. under the legs of the desk.
Desk too high:
--Trim the legs.
--Raise your chair and use a footrest or create a platform upon which you can sit.
Footrest:
--Use phone books or firm pillows.
No room for a mouse on your keyboard tray:
--Place a mouse bridge over the 10-key pad.
--Use a c-clamp with a small board next to the keyboard tray to create a mouse pad.
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No document holder:
--Prop a 1-inch 3-ring binder between the keyboard and monitor--use a small piece of
anti-skid material or a large clip to keep documents from sliding (anti-skid material is
often sold at hardware stores or Target, where it is sold as shelf liner).
--If you are reading a book, use a fork to keep the pages open-place it across the top with
the prongs slipped through the pages on the right and the handle pressing against the
pages on the left.
Slant table for writing:
--Use hard cover 2-inch 3-ring binder with anti-skid material.
Chair:
--Use a pillow for better back support.
--Remove the armrests if they get in the way of working at the keyboard.
--Roll a towel and hang it over the back so it supports your spine and helps you to
maintain a neutral posture.
--Wrap the armrests with soft, spongy material if they are too hard.
--Sit on a large gym ball instead of a chair.
Negative keyboard tilt:
--Place a row of post-it pads underneath the front of the keyboard.
Sharp edges on the desk:
--Glue a strip of weather stripping to the edge.
Monitor too close:
--Move your desk away from the wall and push your monitor to the back.
Regardless of your ergonomic situation, always remember to take your breaks: micro-,
meso-, and large movement.
--------------------------------------------------------------------The Institute for Holistic Healing Studies and Human Resources sponsor the distribution
of Healthy Computing Email Tips.
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Session 5
Main points:
 Generalizing the skills
 Practice coaching others
Outline:
 Review prior week experience and have participants report the benefits of:
o Taking breaks and breathing practice
o Self-assessment and wearing of MyoTrac to get other employees interested
o Installing and using an interrupt program, such as Stretch Break™ or
Mindfulness Clock
o Personal ergonomic assessment
o Continued diaphragmatic breathing at the computer and during all activities
o Practicing blinking
o Practicing typing with relaxed shoulders
o Incorporating micro-, meso- and macro-breaks
o Problem solving one issue
o Performing an ergonomic and physiological assessment on a co-worker
 Homework
o Keep log for breaks and breathing practice and record on Week 1 Handout:
Break Log Form
o Practice typing with relaxed shoulders and incorporate micro- and macrobreaks
o Generalize the healthy computing skills by using Week 5 Handout: Quick
Reminders
o Use MyoTrac to monitor breathing
o Use MyoTrac while keyboarding and breathing
o Read about breathing patterns (pp 61-66)
o Practice breathing with weight (p 162)

Week 5 Concept Exercise: Back-to-Back Rub
Stand-up and partner with another person in the group. Stand back-to-back with
backs touching. Now gently wiggle your backs against each other giving each
other a back-to-back massage. Continue to massage each other for one minute.
Then rate your own energy and mood. Has your energy level gone up? Do you
feel more alert and positive?
During this practice most people giggle and laugh and report that they feel looser, more
alert and positive. After this practice most people are in a better mood and have more
energy. Use this concept to illustrate that movement is better than reaching for another
cup of coffee or a sugary snack to increase one’s energy.
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Week 5 Handout: Quick Reminders
Integrate micro-breaks in your work style. Use every moment of waiting to practice a
micro-break (e.g., such as at the end of a column of numbers, answering emails,
searching the web).
Blink and relax your eyes. Blink at the end of every sentence. Look at the far distance
to relax your eyes.
Relax your muscles when you experience stress. Keep relaxing your shoulders during
data entry and mousing. When in doubt, raise your shoulders and arms for a few
seconds. Then, drop your hands onto your lap and let your shoulders relax.
Breathe lower and slower while working. Loosen your waist band or belt. Practice
breathing about 6 times per minute without any effort with the breathing movement in
your abdomen. Focus on exhalation.
Wiggle and move when you feel tired. Stand-up and take a vigorous walk. Climb the
stairs when you feel tired or lack energy. Stand up while using the telephone. Take the
stairs instead of the elevator; practice stretching or strength movements when you feel
the urge to snack or drink coffee or a coke. Use an interrupt program to remind you to
practice strength and stretch exercises.
Do physical fitness for 20 minutes each day. Take a walk in the evening, join a fitness
club, take a private session with a personal trainer, sign up for yoga or Tai Chi, and/or
go dancing.
Improve the ergonomic factors of your workstation. Change at least one thing so that
you can work more comfortably.
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Session 6
Main points:
 Learning rapid stress reduction
 Developing coaching skills
 Exploring the mind/body/emotion connection
Outline:
 Review prior week experience
 Review ergonomic factors
 Role play in groups of 3 various challenging experiences encountered while
coaching. These include situations, such as someone unwilling to take breaks
because s/he is fearful that s/he cannot finish work assignments. Explore options:
o What would happen if you did take breaks and your work fell behind?
o What does it mean if you did take breaks—are you lazy, wasting time?
o What does your supervisor/corporate culture believe?
o Use supervisor/corporate enforced breaks
o Use humor (e.g., is continued work worth dying for?)
 Explore the role of body position and emotions as well as the impact of emotions
and stress upon health
 Review self-practice sEMG, breaks, blinking and breathing
 Teach Quieting Reflex (QR) and hand warming, see Week 6 Handout: Quieting
Reflex
 Do neck and shoulder massage
 Discuss and share difficulties, challenges when using MyoTrac
 Teach various stretching and strengthening exercises
 Homework
o Work with an experienced coach to do assessments together—identify
coaching partner
o Assess, train and do follow-up of another co-worker using assessment and
follow-up forms
o Take digital pictures of co-worker during pre- and post-asssessment
o Practice QR during the day
o Continue to practice the skills
o Make list of questions for final session
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Week 6 Concept Exercise: Body Position and Evocation of Thoughts.
Sit at the edge of your chair with your hands resting palms down on your thighs.
Collapse like a letter “C,” look downward and let your jaw be relaxed. While in
this position, think of depressive and/or hopeless thoughts or memories for 45
seconds. Access one memory after another. Without changing body position or
facial expression, follow this by thinking of positive and empowering thoughts and
memories for 45 seconds. Again, access one memory after another.
Now pull yourself up straight, as if a string is attached to the back of your head;
sit with your hands resting palms up on your thighs. Look slightly upward and
smile, then think of depressive and/or hopeless thoughts or memories for 45
seconds. Without changing your position or facial expression, follow this by
thinking of positive and empowering thoughts and memories for 45 seconds.
You probably observed that a collapsed body posture increases negative and depressive
thoughts, while in the erect position it was much easier to think of positive and optimistic
thoughts and memories

© 2006 Peper and Hughes Gibney

TAKING IT TO THE WORKPLACE 213

Week 6 Handout: Quieting Reflex
The ringing telephone, the looming deadline, a frowning supervisor, financial worry,
resentment towards a coworker—stress comes in many forms. When we are alarmed or
startled, our bodies react with a stress response. Our sympathetic nervous system
becomes activated and we hold our breath and experience increased muscle tension, cold
hands and feet, clammy hands, and butterflies in the stomach. Chronic stress can have
cumulative effects on our bodies and can manifest in many ways, such as immune system
depression, hypertension, musculoskeletal pain, migraine, irritable bowel syndrome,
decreased fertility, and more. Over the long run, chronic stress decreases our ability to
perform by depleting our resources and results in burn-out.
Almost any threatening thought or stimuli (such as being late) will trigger an alarm
reaction. It takes just seconds to respond to a stressor. Take control of your reactions to
stressful situations by practicing the QUIETING REFLEX.
HOW TO DO THE QUIETING REFLEX:*
--Become aware of the stress stimuli (a worry, annoyance, or anxiety, or muscle tension).
Ask yourself: "Is it life threatening"? If not, go on to the next step.
--Smile inwardly with your mouth and with your eyes sparkle to the left and right. Just
moving your eyes side to side can remind you that there is more than one way of seeing
any situation, no matter how terrible it seems right now. Might it even seem amusing 5
years from now? Say to yourself, "Alert mind, calm body." Or substitute another coping
phrase, such as "I can relax" or "I can choose peace instead of this."
--Inhale a slow, deep, abdominal breath. Exhale, and let your jaw, tongue, and shoulders
go loose. Feel a wave of heaviness flowing through your body, all the way down to your
toes.
--Take another easy breath. Exhale, and feel a wave of warmth flowing through your
entire body, streaming through your arms and legs as though they were hollow tubes, and
feel the warm air flowing out your fingers and toes.
--React to every stressor with the Quieting Response.
OPTIONAL: Smile 5 times today at people you don't usually smile at (e.g., service
people, check-out clerks, toll collectors, complete strangers and even your co-workers).
What was their response? What was the effect on you?
*Adapted from Stroebel, C.F. (1982). QR: The Quieting Reflex. New York: G.P.
Putnam's Sons and Peper, E., Gibney, K.H. & Holt. C. (2002). Make Health Happen:
Training Yourself to Create Wellness. Dubuque, IA: Kendall-Hunt.
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Session 7
Main points:
 Summation and review of training
 Implementation of program with co-workers
 Using questionnaire to assess outcome
Outline:
 Review prior week
 Review use of MyoTrac™ and electrode placements
 Discuss self-practice with sEMG, breaks, blinking, QR and breathing
 Role play difficult co-workers and explore workable and realistic solutions
 Discuss the importance of language
 Explore strategies to deal with psychological stress see Week 7 Handout:
Healthy Computing Email Tip: Assume Goodwill
 Discuss where and how to receive continued training and support
 Fill out Week 7 Handout: Assessment and use the same form with co-workers as
an outcome assessment tool
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Week 7 Handout: Healthy Computing Email Tip: Assume Goodwill
As workload increases and job pressures build, we sometimes feel frustrated, irritated,
angry or resigned. At times we may even think that our coworkers don't care or want to
help. These negative thoughts are natural when we are frustrated and tired but may
increase neck and shoulder tension. Reduce worksite tension and spread caring and hope
when you ASSUME GOODWILL.
HOW TO ASSUME GOODWILL:
Before automatically reacting to a stressor, take a deep diaphragmatic breath and exhale
slowly. Then, think of a past memory when you felt safe and secure. Once you have that
memory, take another deep breath and, again, exhale slowly.
Observe your negative thoughts, such as: "They don't care" or "They don't want to help."
Stop and ask yourself, "How is it from my co-worker’s perspective?" "Does he/she feel
overloaded and/or have too much work to do?" If this is the situation, assume that your
coworker is trying to do his/her best. Take another deep, diaphragmatic breath and exhale
gently as you envision everyone doing the best job. Assume that you are all working as a
team toward the same goal.
Increase goodwill with your co-workers by offering support, help and understanding.
Sometimes all it takes is getting them some tea or bringing in some snacks.
Finally, if there is a problem, take a moment to define it. Ask yourself what needs to be
done to resolve it. Focus on problem solving rather than blame. Invite your coworkers to
go on a problem solving walk in the fresh air. Just let go and ask what needs to be done
now to solve the problem and come to a resolution.
--------------------------------The Institute for Holistic Healing Studies and Human Resources sponsor the distribution
of Healthy Computing Email Tips.
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Week 7 Handout: Assessment
Date _____________ Name (optional)________________________________________
Gender (circle) Female Male

Age _____

Height______

Weight_______

How many years have you worked with a computer (circle)?
1< 1 2 3 4 5 6 7 8 9 10 >10
How many years have you worked at your present position (circle)?
1< 1 2 3 4 5 6 7 8 9 10 >10
Describe your present position.

How many hours per day do you use a computer at work (circle)?
1< 1 2 3 4 5 6 7 8 >8
Describe the type of work you do at the computer.

How many hours per day do you use a computer at home (circle)?
½< ½ 1 2 3 4 5 >5
Describe how you use the computer at home.

What pointing device do you use (circle)? Mouse Trackball Trackpad
What percent of the time do you use a mouse/trackball/trackpad while computing
(circle)?
0
10
20
30
40
50
60
70
80
90
100
What percent of your work involves numerical data entry (circle)?
0
10
20
30
40
50
60
70
80
90

100

What percent of your work involves using the telephone?
0
10
20
30
40
50
60
70

100

80

90

Do you use a headset (circle)? No Yes
Do you use any special ergonomic designed equipment for computing (circle)? No Yes
Describe:
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Compared to the first training session how has your health changed?
Significantly worse
Same
Significantly better
Eyes
-5 -4 -3 -2 -1 0 1 2 3 4 5
Describe:
Head
Describe:

-5

-4

-1

0

1

2

3

4

5

Neck and shoulders -5 -4 -3 -2 -1
Describe:

0

1

2

3

4

5

Arms
Describe:

-5

-4

-3

-2

-1

0

1

2

3

4

5

Wrists and hands
Describe

-5

-4

-3

-2

-1

0

1

2

3

4

5

Upper back
Describe:

-5

-4

-3

-2

-1

0

1

2

3

4

5

Lower back
Describe:

-5

-4

-3

-2

-1

0

1

2

3

4

5

Legs
Describe:

-5

-4

-3

-2

-1

0

1

2

3

4

5

Tiredness
Describe:

-5

-4

-3

-2

-1

0

1

2

3

4

5

Other:
Describe:

-5

-4

-3

-2

-1

0

1

2

3

4

5
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Compared to the first training session how have your work style and behavior
changed?
Significantly worse
Same
Significantly better
Taking micro-breaks
-5 -4 -3 -2 -1 0 1 2 3 4 5
Describe:
Taking meso-breaks
Describe:

-5 -4 -3 -2 -1

0

1

2

3

4

5

Taking macro-breaks
Describe:

-5 -4 -3 -2 -1

0

1

2

3

4

5

Breathing diaphragmatically
Describe:

-5 -4 -3 -2 -1

0

1

2

3

4

5

Ergonomics
Describe:

-5

-4

-3

-2

-1

0

1

2

3

4

5

Productivity
Describe:

-5

-4

-3

-2

-1

0

1

2

3

4

5

Other_____________
Describe:

-5

-4

-3

-2

-1

0

1

2

3

4

5

Describe what component of the training program contributed most to your own
improvement?

Describe what factors interfered most with implementing the training program for you?

Describe what component of the training program was least helpful?

© 2006 Peper and Hughes Gibney

219

8. CHALLENGES
The challenge is to do the practices and incorporate them into the work setting so that
they become automatic. This requires a willingness to explore, make mistakes and
develop mastery. In the work setting it means resolving some of the following challenges
that employees and supervisors frequently report.
Inherent in most situations where there is an actual or potential work-related injury are
fears or misunderstandings between employees and supervisors. To effectively train, it is
important that you allay the fears and facilitate communication and understanding. Be
prepared to address some of the following comments and questions.
Employees’ concerns and fears:
•
•
•
•
•
•
•
•
•
•
•

Our department has no money for ergonomic changes – so why should I even
complain?
I’m the only one who knows how to do the work so I can’t take time out.
I have to do a million things at once to finish my work.
I have too much work to do to take breaks.
I work better under stress.
If I take breaks everyone will think I’m lazy.
I forget to take breaks; I’m so involved in my work.
Taking a break interrupts my thought pattern.
Others will think I’m weird if I use this equipment – buzzing every time I move!
My boss will never agree to this.
I’m too busy to do this right now.
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Supervisors’ concerns and fears:
•
•
•
•
•
•
•
•
•
•

It’s not a real problem – everybody works this way, the employee is making it up.
It will be a waste of time – training won’t help and I can’t tell the employee to
change.
If I give time off to learn, the work won’t get done and productivity will suffer.
One more responsibility – now I have to think of ergonomics and work style, as
well as supervision and getting the work done.
How can I pay for this? If I do this I have to give up something else.
Loss of Control – if employees begin demanding equipment, training, and time
off, I’ll have no control over my department.
Already overloaded – we’ve all worked very hard and are behind in our reports,
taking time off will only set us back further.
Employees will take advantage – if they see that they can file a workers’
compensation claim to get time off and new equipment, where will it all end?
Everyone will get sick – if one employee gets a new keyboard and time off, others
will request the same.
If people get sick I will be blamed – each supervisor is responsible for the
employees in her unit. If someone reports an injury, my boss will think that I’m a
poor manager.

These and any other concerns and fears need to be acknowledged before change is likely
to occur. It is important to remind the supervisors that ergonomics is only part of the
answer and in many cases no capital outlay is involved. The challenge is to identify the
problem and provide a creative solution involving team collaboration. Changes are often
inexpensive, such as using pillows to sit taller or a telephone book to raise the monitor.
Prevention Pays Off
In most cases all eight components of Healthy Computing need to be addressed to
promote creative, productive and healthful working conditions. Numerous studies
demonstrate that prevention pays off. For example, the Travelers Insurance Company
saved $3.40 for every dollar it spent on wellness over a four-year period (Pelletier, 1993).
When programs focused specifically upon repetitive motion injury similar results were
found. For example, a very innovative prevention program at SACO Defense Inc.
included ergonomic teams, structured exercises and employee participation. Results from
the four year study period (1990-1994) demonstrated the dollar value of an effective
prevention program; an 82% decrease in number of lost time injuries, a 73.3% reduction
in the workers’ compensation costs, and a 70% decrease in OSHA recorded injuries
(Lynch, 1995; Lynch, 1995a). While our recent outcome study at San Francisco State
University showed that the department with zero workers’ compensation claims had
coaches who had learned the healthy computing skill in the seven week program.
Conversely, departments with the highest workers’ compensation claims had no coaches
(Peper, Gibney, & Wilson, 2005). In addition, people who learned the healthy computing
skills as coaches reported significantly less discomfort as compared to a control group
(Peper, Gibney, & Wilson, 2004).
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Equal benefits are achieved when prevention programs are directed towards employees
working at computers. For example, when employees working at the Internal Revenue
Service were allowed four additional 5 minute breaks (one per hour) beyond their normal
15 minute morning and afternoon breaks, symptomology significantly decreased. Yet,
there was no decrease in productivity, even though they actually worked 20 minutes a
day less than before (Galinsky, T., Swanson, N., Sauter, S., Hurrell, J., Schleifer, L.,
Martin, J., Sella, R. and Gray, M., 1999). Similarly, positive outcomes were demonstrated
with employees who participated in a 6-session Healthy Computing Training Program at
San Francisco State; a nine-month follow-up self-assessment survey found that there was
a 73% decrease in symptoms. Most of those surveyed reported continued application of
the skills learned, such as micro-breaks, effortless breathing and muscle relaxation
techniques (Peper, Gibney & Wilson, 2005).
Seeing is believing! That’s why Healthy Computing with muscle biofeedback is a
powerful approach for maintaining workplace safety. The major advantage of utilizing
sEMG is that it demonstrates to individuals how they use their bodies while working and
reacting to work-day stressors. In most cases, individuals are completely unaware of
deleterious behaviors, such as chronically tensed shoulders and forearms—even when at
rest. With the mirror of biofeedback, it is easier to persuade individuals to implement
health-promoting strategies and explore new work-styles because they can see the
difference as they retrain themselves.
When employers and employees actively participate in a Healthy Computing program,
the occurrence of repetitive strain injury and other types of computer-related discomfort
is greatly reduced, if not completely eliminated. Nevertheless, there are many challenges
that occur for both coach and trainee when implementing a biofeedback based program.
Following are examples of challenges that our coaches have faced and suggested
remedies:
Challenge: I do not hurt, there is nothing wrong. I don’t want to change.
Suggested Remedy: If possible, work initially with people who are interested in
learning and changing. Ask for volunteers. If that is not possible, agree with the
person that he has no problems.
• Agree that there is nothing wrong now; however, research data suggest that
continued bracing can lead to discomfort.
• Ask him if he is willing to do an experiment with you, which would include using
the sEMG on the anterior deltoid as he performs mousing and typing. The
experiment is for a brief time, such as two weeks in which he practices the skills
and then can observe the effects.
• Show how sEMG increases with activity (e.g., deltoid muscle activity as the arms
reach forward), an occurrence of which he is most likely unaware.
• Note whether the muscles are completely relaxed when not typing or mousing.
• Use analogies when explaining the concepts, such as, “This would be similar to
driving your car with the parking brake on. All you have to do is give a little
more gas and you don’t notice it. However, the brakes and car will need repair
much sooner.”
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Challenge: I don’t notice the tension and it doesn’t bother me. Why should I take breaks?
Suggested Remedy:
• Explain the Cinderella hypothesis: Cinderella is the first to awaken and start work
and the last to retire at night. Unknowingly, we assign that role to muscles, such
as forearm extensors or upper trapezius muscles. Eventually, these muscles
become fatigued and trouble will occur.
• Remind her that work/rest patterns are inherent in nature—day/night;
summer/winter; inhalation/exhalation; systolic/diastolic. Point out that animals
naturally follow work/rest patterns, such as dogs flopping down and waiting by
the door, resting before they are taken for a walk; then, plopping down as soon as
they are done so that they can save energy for the next activity.
• A healthy muscle is one that alternately works and rests, which is necessary for
venous blood and lymph flow. After activity, the system needs time to
regenerate.
• Sometimes we use humor and say, when a woman first becomes pregnant, you do
not notice it; however, nine months later…
Challenge: I forget to take breaks.
Suggested Remedy: Agree that this is true for most people. We are captivated by the
computer and keep working, taking a break only when we hurt, at which point it may
be too late. The key is to take preventative breaks. Explore behavioral strategies that
encourage breaks as part of the work-style, such as:
• Place the printer further away (use a 20 foot printer cable) to encourage walking
to retrieve the document.
• Drop hands to lap for 1 second prior to answering the phone; drop them to the
lap, again, upon completion of the call.
• Stand-up when someone stops by to ask a question.
• Install break programs that automatically remind of times to stretch or take
breaks.
• Have the whole office participate so that the work culture encourages breaks and
supports getting up and stretching.
Challenge: When I take a break, I loose my concentration.
Suggested Remedy: Agree that this is very common; however, it is a conditioned skill.
Work with the person to practice taking breaks as part of her work pattern. For
example:
• Use the analogy of learning how to drive. Initially, learning to drive took all our
concentration and we could do nothing else. Now, we can probably drive while
talking on the cell phone, eating lunch, listening to the radio or CD and
disciplining our children in the back seat.
• At the end of a paragraph, encourage the trainee to drop her hands to her sides and
roll her shoulders backwards while thinking about the next step; then, go back to
work.
• Similarly, when reading email, encourage the trainee to drop her hands to her lap
then, wiggle her shoulders and breathe each time she clicks on another email.
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•
•

The major component in training is initially over-learning and practicing so often
that breaks become an unconscious habit. Practice, practice and practice until it
becomes automatic.
Use the sEMG to check whether the muscles relax during the micro-break.

Challenge: I do not want people to know that I hurt or take breaks.
Suggested Remedy: Explore the reasons for this trepidation. In some cases, the person
is fearful about his job security or may worry that he will be pestered or viewed as
unproductive. Check-out the reality of this concern. Sometimes, the corporation and
supervisor may support the individual. In that case, explore assertiveness training. If
the fear is based in reality, teach the individual covert strategies to maintain his health
when working, such as:
• Breathing slower and lower in the abdomen, which lowers arousal and calms the
individual.
• Twitching and wiggling while working at the computer.
• Standing to give full attention whenever interrupted or asked a question.
• Offering to meet in a co-worker’s or supervisor’s office, rather than sitting in his
own office/cubicle—this will give him an opportunity to walk. He can also
practice diaphragmatic breathing if the other person is interrupted with a call or
question.
• Standing to retrieve/replace something from a drawer or shelf.
• Standing when talking on the phone.
• In some cases, the best solution is for the person to explore changing jobs and
joining a company where he can feel valued while working in a healthier
environment.
Challenge: I have arm pain and forearm tingling and the sEMG of the forearm shows
relaxation. How can that be?
Suggested Remedy: In most cases, the problem is not the forearm or the hands, rather it
is the neck and shoulders. Most likely the discomfort involves rapid thoracic
breathing and/or excessive sympathetic arousal which activate the trigger points that
are involved in referred pain (Travell & Simons, 1999). Often the trapezius, scalene,
pectoralis and deltoid muscles are activated while inhaling and while working at the
computer.
• Assess muscle function and the ability to relax after tensing by using the Sella
protocol (Sella, 2001). The basic protocol consists of placing the sEMG sensor
on the suspected muscle, then asking the person to tense that muscle (do a specific
movement that activates the muscle) for 10 seconds; then, relax the muscle for 10
seconds; then, repeat tensing & relaxing 4 more times. In most cases, problems
occur because the muscle does not relax during the rest period. If this is the case,
first focus on training the person to relax the muscles before task performance.
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•

•

Perform breathing assessment by monitoring from the scalene to trapezius
muscles (pp 63-66). If there is increased scalene/trapezius muscle tension during
the initial inhalation phase of breathing, teach the person to relax the neck and
shoulders during inhalation. Train the person to breathe diaphragmatically by
breathing lower and slower. Then, transfer this skill into the workplace. Have the
person practice breathing lower and slower while working at the computer.
Monitor from the scalene-trapezius to confirm that the person is breathing
diaphragmatically and not thoracically.
Reduce sympathetic arousal. Sympathetic arousal activates trigger points—those
tender points in muscles—and may induce referred pain. Teach the person to
breathe diaphragmatically, warm her hands and explore strategies to reduce stress
at home and at work.

Challenge: The employee’s work style or ergonomic arrangement seems unhealthful.
Suggested Remedy: Assume that whatever the individual is doing has benefits. Before
suggesting changes explore the benefits of what he is doing. For example, a monitor
that is placed on a stacking tray might be ergonomically incorrect; however, it is
useful because it offers more desk space beneath the monitor. The general rule is that
you must account for the advantages of “wrong behavior” before suggesting changes.
If the advantages are not understood or incorporated in the changes, it is unlikely that
the person will do them.
Challenge: Not accepting personal responsibility: “I have nothing to do with it—it’s my
boss’ responsibility.” “Why should I do anything—isn’t it the responsibility of the
insurance or doctor to fix it?”
Suggested Remedy: Whether the company, supervisor or insurance is responsible is
not the issue. The individual has a choice to stay miserable or do something to
remedy the problem. Give an example, such as, if she had a defective tire on her
automobile, would she drive with that tire until she had resolution from the
manufacturer? No, she would change the tire because her safety was at risk!
Challenge: I need some new equipment to improve the ergonomics and my supervisor is
not willing to buy it.
Suggested Remedy: In many cases, departments run a zero sum game. This means that,
if money is spent on one project, it cannot be spent on something else. Explore the
following possibilities depending on the corporation and the individual’s job security:
• Discuss the issue with the human resources or risk management departments.
• Ask the union representative to support and represent the employee in
negotiations.
• Explore with the person a way by which he could buy and fix it himself. Have
him ask himself the question, “Is my expenditure worth reducing my discomfort?”
• Search for another job where the corporate environment offers more support.
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Challenge: What if my department can’t afford to make changes to my workspace?
Suggested Remedy: Not every change or adjustment to your workspace will cost
money. Some can be accomplished by making simple changes to the way you work,
by lowering or raising your chair, by placing a phone book under your monitor to
raise it, etc. Also, you may find the perfect solution on a trip to the campus Swap
Shop. If a serious problem cannot be resolved any other way, contact your corporate
unit that has the responsibility for employee health such as the Office of Risk
Management or Human Resources. Explore with them strategies to resolve the
issue.” (from: http://userwww.sfsu.edu/~evaa/general/faqs.html)
Challenge: I don’t feel comfortable working with a co-worker on this; I don’t think that
I can make suggestions to a co-worker.
Suggested Remedy: Explore the reasons for this concern:
• “I am not sure I have the supervisor’s support to assess, train or offer
suggestions.”
–Talk to your supervisor and request that he/she assign you to do this duty and
that it is announced to all employees.
• “I feel unsure about how to talk to or approach employees.”
–Role-rehearse with other coaches, friends and family members.
• “I am not sure about my skills.”
–Ask another trainer to work with you and review the skills or to accompany you
when you do an assessment and training.
Challenge: The employee says, “I can’t take the breaks.”
Suggested Remedy: Explore the “can’t.” Ask the person whether he means:
• “I don’t want to.”
–Explore the motivation. Ask what he wants to do. Ask how he is going to insure
that he will remain healthy while working.
• “I don’t know how.”
–Explore how the person can learn the skills. Spend time teaching her and
practicing the specific skills.
• “I am not allowed to take breaks.”
–Explore the supervisor’s expectancy. Namely, what is not permitted? Teach
covert ways of taking breaks (see Challenge 5 above).
Challenge: I am afraid to put sEMG sensors on the shoulder of the opposite/same gender
as it may be interpreted as sexual harassment.
Suggested Remedy: Listen to yourself and only do what is comfortable.
• Always ask for permission to touch—regardless of gender.
• Acknowledge your fear to the person and ask if it is okay to put sEMG sensors on
the shoulders or start with the forearm.
• Be sensitive to the personal and cultural rules and ask the person if it is okay to
place a sensor on her shoulder or if she would prefer another person of the
same/opposite gender.
• Do not do the assessment and training and recommend that another coach of the
same/opposite gender performs it.
© 2006 Peper and Hughes Gibney

226 MUSCLE BIOFEEDBACK AT THE COMPUTER

Challenge: Even though the break interrupt program is useful, after about two months I
turned it off.
Suggested Remedy: This commonly occurs and can best be prevented by ongoing
social support.
• Ask supervisors to speak to employees who turn it off to let them know that the
corporation is concerned about their health.
• Schedule a follow-up meeting to discuss strategies to maintain health at the
computer by integrating self-directed breaks.
• Encourage employees who benefit from taking the breaks to make testimonials at
staff meetings.
• Review the importance of breaks and practice making the breaks part of the office
work style, such as stopping computer work when talking on the phone, getting
up to talk to an employee instead of sending an email, moving the printer and
requiring walking to retrieve documents, conducting all or part of office meetings
while walking.
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9. RESOURCES
Glossary of Terms
active electrode: The electrode placed over the muscle that is being monitored for
electrical activity. It is a conductor through which the electricity is recorded. The sEMG
is recorded between two active electrodes.
adipose: Fatty tissue in the human body; this can reduce the amplitude of the sEMG
recording if there is significant fatty tissue beneath the skin underneath the electrode.
anabolic state: The constructive/regenerative phase of metabolism when growth and
repair occur. It is the opposite of the catabolic state.
applied psychophysiology: A field of study that focuses upon the educational and
clinical uses of psychophysiology. Emphasis is upon the interrelationship, awareness
and control of physiological, cognitive and social processes. It is a recent expanded
scientific term used for biofeedback.
arm-to-arm recording: A procedure to record upper body sEMG activity. Active
electrodes are placed on the right and left forearms with the reference on a bone of one
of the forearms. It is sometimes called wrist-to-wrist recording. (Originated by Dr.
Marjorie Toomim.)
artifact: A stray or unwanted recorded signal that is not generated by the specific surface
muscle being monitored. Examples: heartbeat, electrode lead or external electrical
signal (e.g., 60 Hz)
band-pass filter: The upper and lower frequency limits of the recorded signal measured
in Hertz (Hz), which allows only those signals between the limits to be further
amplified. Many electromyographs have adjustable band-pass filter settings. Narrow
band-pass filter is usually set between 100-200 Hz, which allows about 20% of the full
sEMG frequency spectrum to be processed. Wide band-pass filter is usually set
between 20-500 Hz, which allows about 96% of the sEMG to be processed (Cram,
Kasman, and Holtz, 1998).
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baseline: Measurements of a physiological function taken in the absence of some task or
technique, generally before and after a task. Comparison of baseline values with values
generated during the task allows for determination of the effect of the task on the
system being monitored.
behavioral test: Determining that the feedback signal correlates to physiological activity
(e.g., making a fist to see if there is a corresponding increase in sEMG activity
recorded from the forearm flexors).
biofeedback: The use of instrumentation to provide individuals with instantaneous
information about changes in their physiology (i.e., a psychophysiological mirror
showing the mind/body connection).
break program: See computer interrupt program.
bursitis: Inflammation of the bursa, which is a sac containing fluid that reduces friction
between a tendon and a bone. One of the disorders associated with CRD. See computerrelated disorders.
carpal tunnel syndrome (CTS): Compression of the median nerve in the carpal tunnel
of the wrist. This is usually associated with soreness, tenderness and weakness of the
thumb muscles. The term is often used to label extreme discomfort and inability to use
the arm. One of the disorders associated with CRD. See computer-related disorders.
catabolic state: The destructive phase of metabolism when breakdown occurs. It is the
result of excessive and prolonged activity and / or arousal without regenerative breaks
(e.g., frequent activation of the fight-flight alarm response). It is the opposite of the
anabolic state.
co-contraction: The tensing of the agonist and antagonist muscles when only one of
them should be contracting.
Columbo therapy: A clinical approach that refers to the style of the apparently bumbling
television detective that encourages the trainee to explore his psychophysiological
patterns. Rather than stating an observation, the clinician allows the trainee to discover
the mind/body interrelationships. This approach avoids blame and encourages selfdiscovery and active participation.
computer interrupt programs: Computer program that give a visual or auditory
message to remind you totake breaks.
computer-related disorders (CRD): A cluster of chronic symptoms often involving
discomfort or pain, which are associated with nerves, muscles, tendons, bones, and/or
the vascular system, usually attributed to repetitive motions and habitually exceeding
maximum work capacity while working at the computer. However, in most cases the
etiology is multi-causal.
CRD: See computer-related disorders
CTD: See cumulative trauma disorder
cumulative trauma disorder (CTD): Discomfort and pain associated with repeated
motions that cause micro-trauma to the muscle tissue. See computer-related disorders.
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CTS: See carpal tunnel syndrome.
De Quervain’s disease: Inflammation of the tendon sheath of the abductor muscles at
the base of the thumb and side of the wrist. One of the disorders associated with CRD.
See computer-related disorders.
deltoid muscle: A large muscle that covers the shoulder and abducts and rotates the arm.
Often monitored for excessive efforts during typing and mousing, especially if the arm
is abducted or reaching forward.
diaphragmatic breathing: A breathing pattern in which the major movement is initiated
with the diaphragm. The abdomen increases in diameter during inhalation and
decreases in diameter during exhalation. A slight chest expansion may occur near the
end of inhalation to increase inhalation volume. Usually associated with a slower
breathing rate, post exhalation pause and lower arousal. This breathing pattern, if done
effortlessly, promotes an anabolic state.
differential relaxation: The tightening and relaxing of individual muscles without
engaging any other muscle (e.g., tightening the forearm extensors without tightening
the deltoid, trapezius or masseter muscles).
Dynamic Relaxation: A sequence of relaxation and self-mastery techniques to promote
regeneration during the day. It integrates somatic awareness, muscle relaxation,
breathing, imagery and self-healing strategies (see Make Health Happen by Peper,
Gibney and Holt, 2002).
dysponesis: Misplaced efforts, muscle contractions, or energy expended during an
activity that are not required for the performance of that activity (e.g., raising shoulders
when working at the keyboard)--from the Greek dys (bad) and ponos (effort, work or
energy).
effortless breathing: Breathing diaphragmatically without effort. See diaphragmatic
breathing.
electrode: See active electrode.
electrode gel bridge: Excessive electrode conductive paste applied so that it forms a
continuous low resistance electrical path between the electrodes. This is more common
with narrow placement electrodes.
electromyography (EMG): The recording of the electrical activity of muscles; this
measurement is the sum of all the action potentials recorded by the electrodes and
correlates with the actual muscle activity.
EMG: See electromyography.
EMG gap: See micro-break
epicondylitis: Inflammation of the elbow. Often experienced as severe pain in the elbow
that radiates into the wrist and shoulder. Commonly referred to as tennis elbow. One of
the disorders associated with CRD. See computer-related disorders.
ergonomics: A process which aims to design appliances, technical systems and tasks in
such a way as to improve human safety, health, comfort and performance.
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flow typing: The fingers, hands and arms move fluidly over the keyboard without resting
the wrists. The arms float back and forth as the fingers change position without wrist
flexion. This is similar to playing the piano.
forearm extensor muscles: Muscles in the forearm that extend the wrist and fingers (top
of the forearm).
forearm flexor muscles: Muscles in the forearm that flex the wrist and fingers (bottom
of the forearm).
forearm flexor-to-extensor electrode placement: Wide electrode placement in which
an active electrode is placed on the center of the forearm flexor muscle and the other
active electrode on the extensor muscle of the same forearm.
frontal electrode placement: Wide electrode placement in which an active electrode is
placed on the frontalis muscle directly above each eye with the reference electrode in
between. Used to monitor general facial tension.
gain: The amplification of the recorded signal.
Healthy Computing Email Tips: Weekly suggestions that incorporate the eight
components of healthy computing delivered via email to subscribers. It is a continuing
education component for individual and corporate prevention programs (contact
healthco@sfsu.edu to placed on distribution list).
Hertz: Unit of measurement of the frequency of a waveform in cycles per second, noted
as Hz.
Human Function Curve: A performance-arousal curve used as a model for a systems or
biopsychosocial approach to clinical problems (see Nixon, 1989; Nixon and King,
1997).
Hz: See Hertz.
Interrupt program: A computer program that reminds you to take a break.
“Lazy Boy” syndrome: A condition in which the trainee does not generalize the skills
but only can perform them in the situation in which they learned the skill (e.g., they
could only relax in the recliner chair in the therapist’s office).
leg-to-leg recording: A procedure to record lower body sEMG activity. Active
electrodes are placed on the right and left lower legs (tibialis anterior muscle) with the
reference electrode on one leg. It is sometimes called ankle-to-ankle recording.
(Originated by Dr. Marjorie Toomim.)
macro-break: A minimum 5 minute break every 60 to 90 minutes in which the person
leave the computer station.
masseter muscle: Muscle that closes the jaw and is used for chewing. Often monitored
to indicate facial tension.
meso-break: A brief interrupt in work between 5 and 30 seconds taken every ten
minutes. Usually this consists of stretching, standing, closing the eyes, getting-up, etc.
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micro-break: A momentary reduction in muscle tension that allows regeneration. The
blood flows more freely, thus bringing nutrients to the tissue and removing waste
products. Microbreaks, also known as EMG gaps, should occur approximately every
30 to 60 seconds and last between 0.5 and 2 seconds.
microtraumas: Miniscule injuries most often involving muscle and other soft tissue as
well as nerves, tendons, ligaments, and bones. Often assumed to be caused by repetitive
motion. See cumulative trauma disorders and computer-related disorders.
microvolt (V): See volt
mindfulness: An attitude of remaining present, watchful, and aware of what is happening
without becoming involved or captured by the images or feelings. Being truly present
implies the absence of anticipating, ruminating, or mind wandering.
motor unit: The functional unit of a voluntary muscle that consists of a number of
muscle cells innervated by a single motor neuron.
narrow band-pass filter: See band-pass filter
narrow electrode placement: Electrodes placed close together with the inter-electrode
about 2.0 cm over the belly of one muscle.. The electrodes are commonly applied as
one electrode called a Triode™ electrode.
OS: See overuse syndrome:
overuse syndrome (OS): A syndrome commonly associated with excessive use of a
muscle. See repetitive motion injury, cumulative trauma injury and computer-related
disorders.
passive attention: An attitude of non-striving, of allowing versus forcing or trying,
which is characterized by the absence of concern for performance and end result.
performing efforts: Muscle efforts necessary for task performance.
Progressive Relaxation: A technique of muscular relaxation developed by Edmund
Jacobson. The procedure consists of alternately contracting and relaxing each of the
muscle groups of the body. It is frequently used as an adjunctive technique with
biofeedback training. See Dynamic Relaxation.
psychophysiology: A field of study that focuses upon the interrelationship, awareness
and control of physiological, cognitive and social processes. See applied
psychophysiology and biofeedback.
reframing: A cognitive strategy that re-describes an event and either offers alternative
views or suggests different meanings. For example, the different implications of seeing
a glass either half full or half empty. If you initially perceived it as being half empty,
reframing would let you see it as half full.
reference electrode: An electrode that is generally placed on a bone, equidistant between
two active electrodes. It is used in differential amplification in which the active
electrodes are compared to the reference electrode. Only signals that are different from
the reference electrode are amplified.
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repetitive motion injury (RMI): Discomfort and injury caused by the repetition of the
same movements. The most recent term used to describe repetitive strain injury, over
use injury, and cumulative trauma injury. See computer-related disorders.
repetitive strain injury (RSI): The most common term used to describe the discomfort
and injury caused by the repetition of the same movements. See computer-related
disorders.
RMI: See repetitive motion injury.
RMS: Root mean square voltage is a measure meant of sEMG amplitude. It is 0.707 of
the peak value.
RSI: See repetitive strain injury.
scalene muscle: Muscle in the neck that connects the C-3,C-4 and C-5 vertebrae to the
first rib. It stabilizes the neck and is an accessory muscle of breathing. Increased sEMG
activity from this muscle is associated with dysfunctional thoracic breathing.
Scalene-to-trapezius electrode placement: A wide electrode placement with one active
electrode on the left scalene and the other on the right upper trapezius muscle, with the
reference on the T-1 vertebra. Used to monitor shoulder girdle activity and respiration
patterns. Excessive sEMG activity here is associated with thoracic breathing and
tightening of the neck and shoulders.
sEMG: See surface electromyography.
SIS: See Stress immobilization syndrome
somatic awareness: Awareness of the interconnection of mind and body. Our bodies
respond to and affect our thoughts and emotions. A process to minimize the negative
impact of any stimuli on our psychophysiology.
sternocleidomastoid muscle: The two headed muscle between the mastoid process and
the sternum and clavicle. When contracting, it rotates the head to the opposite side.
stress immobilization syndrome (SIS): A term to describe the discomfort caused by
prolonged computer use. The combination of lack of movement and chronic arousal
due to stress results in computer related injuries. It is derived from an evolutionary
perspective of health. Health is the alternation of activity and rest; stress and
regeneration.
surface electromyography (sEMG): The use of surface electrodes to measure the
aggregate electrical potential from the muscles located beneath and between the active
electrodes. See also electromyography.
sympathetic arousal: Activation of the sympathetic branch of the autonomic nervous
system to prepare the body for vigorous action resulting in an increase in arterial blood
pressure, increased cardiac output, increased blood flow to muscles, decreased blood
flow to organs that are not needed for rapid activity, increased cellular metabolism
through the body, increased muscle strength and increased mental activity. Prolonged
or chronically high sympathetic arousal shifts the body to a catabolic state.
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temporalis muscle: Facial muscle that closes the jaw. Used to monitor jaw and facial
tension.
tendonitis: Inflammation of the tendons. Often attributed to overuse of the
muscle/tendon groups. One of the disorders associated with CRD. See computerrelated disorders.
tenosynovitis: Inflammation of the synovial membrane of the tendon and often
associated with stiff and tender fingers. One of the disorders associated with CRD. See
computer-related disorders.
thoracic breathing: A dysfunctional and strained breathing pattern in which the major
movement is initiated by lifting the chest. Usually associated with a faster breathing
rate, rapid shallow inhalation, and increased arousal. In most cases there is minimal or
even paradoxical abdominal movement. A pattern commonly seen in individuals who
are prone to hyperventilation syndrome, anxiety, upper body and shoulder girdle
discomfort. This breathing pattern may promote a catabolic state.
thoracic outlet syndrome (TOS): Neurovascular disorder in which the nerves and
adjacent blood vessels in the neck and shoulder region are compressed causing upper
extremity discomfort. One of the disorders associated with CRD. See computer-related
disorders.
threshold: A criterion value often employed in processing a physiological signal.
Feedback is given only when the level of this activity is above or below the chosen
threshold value.
tibialis anterior muscle: Lower leg muscle lateral to the tibia (shin bone) that
dorsiflexes and inverts the foot. Muscle location commonly used for leg-to-leg
recording.
TOS: See thoracic outlet syndrome.
trapezius muscle: Muscle on the upper back and shoulders that rotates the scapula, raises
the shoulder, and pulls the head back and to the side. Increased sEMG activity from the
upper trapezius muscle (top of the shoulder) is a common dysponetic pattern with
individuals working at the computer and those with thoracic breathing patterns.
Triode: One single adhesive circular electrode that contains three electrodes: two
active and one reference (each 2cm apart). This snaps into the EMG preamplifier of the
MyoTrac. It is used for narrow electrode placement. It is a registered trademark of
Thought Technology, Ltd.
upper extremity musculoskeletal disorder (UEMSD): A descriptor for repetitive
motion injury. See computer-related disorders.
volt (V): The unit of measurement of voltage. A millivolt (mV) is one thousandth (10-3)
of a volt. A microvolt (V) is one millionth (10-6) of a volt. Most sEMG readings are
expressed in microvolts.
voltage: Electrical “pressure” or the potential difference that causes electrical current to
flow.
wide band-pass filter: See band-pass filter.
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Wide electrode placement: Active electrodes placed far apart to measure the actrivity of
multiple muscles simultaneously. Common placements are frontal, forearm flexor-toextensor, scalene-to-trapezius, wrists-to-wrist and leg-to-leg.
wrist-to-wrist electrode placement: Wide electrode placement in which an active
electrode is placed on each of the wrists. Used to monitor general upper body tension.
V: See volt.
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SUGGESTED SOURCES AND READINGS
Healthy Computing Email Tips
Weekly email tips that offer suggestions how stay healthy at the computer.
Created by Erik Peper and Katherine H. Gibney, these tips are distributed by the
Institute for Holistic Healing Studies and Human Resources at San Francisco
State University. To receive the tips free for personal use, write an email to:
healthco@sfsu.edu
Computer interrupt programs
Install these programs on your computer and they remind you to take breaks. The
following programs can be downloaded from the web for a free test ride.
 www.paratec.com Stretch Break™: For PC and Mac--one of the best
programs to guide you through breaks and stretches
 www.rsiguard.com RSIGuard: Excellent break reminder program that is
based upon your actual work at the keyboard and mouse. Keeps track of actual
keyboard activity and breaks
 www.cheqsoft.com Break Reminder™: Break monitors your computer use,
and reminds or forces you to take a break to user chosen settings
 www.mindfulnessdc.org/mindfulclock.html Mindful clock: For PC only. It
sounds a gong during the day to remind you to take a break --free for personal
use
 www.dejal.com/timeout/ Timeout: For Mac only--freeware*
Vibrating interrupt mouse
 www.hoverstop.com Hoverstop® mouse is a normal optical mouse that
senses when you are just holding your hand passively on the mouse and are
not using it. If there is no mouse activity for fifteen seconds then it
automatically begins to vibrate to remind you. Thus, you are reminded to take
a micro-break and relax the muscles of your neck, shoulders, arm and hand.
Books on EMG Biofeedback and Muscles
Basmajian, J.V. & De Luca, C.J. (1985). Muscles Alive (5th Ed). Baltimore:
Lippincott, Williams and Wilkins.
Calais-Germain, B. (1993). Anatomy of Movement. Vista, CA: Eastland Press
ISBN: 0939616173
Cram, J.R., Kasman, G.S. & Holtz, J. (1998). Introduction to Surface
Electromyography. Gaithersburg, Maryland: Aspen Publishers, Inc.
ISBN: 0834207516
Franssen, J.L.M. (1995). Handboek oppervlakte-elektromyografie. Utrecht: De
Tijstroom BV
Hermens, H.J., Freriks, B., Merletti, R., Stegeman, D., Blok, J., Rau, G.,
Disselhorst-Klug, C. & Hagg, G. (1999). European Recommendations for
Surface Electromyography. Enschede, the Netherlands: Roessingh
Research and Development b.v. ISBN 9075452152
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Kasman, G.S., Cram, J.R., Wolf, S.L. and Barton, L. (1998). Clinical
Applications in Surface Electromyography. Gaithersburg, Maryland:
Aspen Publishers, Inc. ISBN: 0834207524
Kendall, F.P., McCreary, E.K. and Provance, P.G.. Rodgers, M.M. & Romani,
W.A. (2005). Muscle Testing and Function with Posture and Pain 5th ed.
Baltimore: Lippincott Williams & Wilkins. ISBN: 0781747805
Schwartz, M.S. & Andrasik, F.(2003). Biofeedback: A Practitioners Guide 3rd Ed.
New York: Guilford Press. ISBN: 1572308451
Sella, G.E. (2002). Muscles in Motions: The sEMG of the Range of Motion of the
Human Body 3rd Edition. Martins Ferry, OH: GenMed Publishing. ISBN:
1-884325-00-9
Simons D., Travell, J.G., Simons, L.S. & Cummings, B.D. (1999). Myofascial
Pain and Dysfunction: A Trigger Point Manual(2-Volume Set).
Baltimore: Lippincott, Williams and Wilkins. ISBN: 0683307711
Soderberg, G.L. (Ed) (1992). Selected Topics in Surface Electromyography for
use in the Occupational Setting: Expert Perspectives. U.S. National
Institute for Occupational Safety and Health, Publication No. 91-100.
Available from NIOSH Publications, Mail Stop C-13, 4676 Columbia
Parkway, Cincinnati, Ohio 45226.
Special issue on surface electromyography (sEMG) Applied Psychophysiology and
Biofeedback. 28 (2) June 2003. Contents:
Donaldson, S. Introduction to the Special Issue on Surface Electromyography
(SEMG)
Cram, J.R. The History of Surface Electromyography
Sella, G. Neuropathology Considerations: Clinical and SEMG/Biofeedback
Applications
Sherman, R.A. Instrumentation Methodology for Recording and Feeding-back
Surface Electromyographic (sEMG) Signals
Donaldson, S., Donaldson, M. & Snelling, L. SEMG Evaluations: An Overview
Bolek, J.E. A Preliminary Study of Modification of Gait in Real-time Using
Surface Electromyography
Neblett, R., Mayer, T.G. & Gatchel, R. J. Theory and Rationale for Surface EMGAssisted Stretching as an Adjunct to Chronic Musculoskeletal Pain
Rehabilitation
Neblett, R., Gatchel, R. J. & Mayer, T.G. A Clinical Guide to Surface EMGAssisted Stretching as an Adjunct to Chronic Musculoskeletal Pain
Rehabilitation
Clasby, R.G., Derro, D. J., Snelling, L. & Donaldson, S. The Use of Surface
Electromyographic Techniques in Assessing Musculoskeletal Disorders in
Production Operations
Peper, E., Wilson, V.S., Gibney, K.H, Huber, K., Harvey, R. & Shumay, D.M.
The Integration of Electromyography (sEMG) at the Workstation:
Assessment, Treatment and Prevention of Repetitive Strain Injury (RSI)
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Ergonomics
Bridger, R. (2003). Introduction to Ergonomics 2nd Edition. London: CRC Press.
ISBN: 0415273781
Dul, J. (2001). Ergonomics For Beginners: A Quick Reference Guide. London
CRD Press. ISBN: 0748408258
Grandjean, E. (1987). Ergonomics in Computerized Offices. London: CRC Press.
ISBN: 0850663504
Pascarelli, E. (2004). Dr. Pascarelli's Complete Guide to Repetitive Strain
Injury: What You Need to Know About RSI and Carpal Tunnel Syndrome.
New York: Wiley. ISBN: 0471388432
Regeneration
Easwaran, E. (1998). Take Your Time. Tomales, CA: Nilgiri Press. ISBN:
0915132796
Kabat-Zinn, J. (2001).Full Catastrophe Living: How to Cope With Stress, Pain
and Illness Using Mindfulness Meditation. London: Piatkus Books. ISBN:
0749915854
Peper, E. (1990). Breathing For Health. Montreal: Thought Technology Ltd.
ASIN: B000CC5T0M
Peper, E., Gibney, K.H. & Holt. C. (2002). Make Health Happen: Training
Yourself to Create Wellness. Dubuque, IA: Kendall-Hunt. ISBN:
0787293318
Thayer, R.E. (2003). Calm Energy: How People Regulate Mood with Food and
Exercise.. New York: Oxford University Press. ISBN: 0195163397
Stretching/strengthening/movement exercises
Anderson, B. and Anderson, J.E. (1997). Stretching at Your Computer or Desk.
Bolinas, CA: Shelter Publications. ISBN: 0936070196
Egoscue, P. (1999). Pain Free at Your Computer. New York: Bantam. ISBN:
0553380524
Hanna, T. (1988). Somatics. Cambridge: De Capo Press; ISBN: 0738209570
Manufacturer of MyoTrac
MyoTrac produced by Thought Technology, Ltd., 2180 Belgrave Ave,
Montreal, Quebec, Canada H4A 2L8. Tel (800) 361 3651; Fax: (514) 489 8255;
www.thoughttechnology.com
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SELECTED INTERNET SITES
San Francisco State University Ergonomic Safety Program
http://www.sfsu.edu/~ergo/
The San Francisco State University Ergonomic Safety Program (ESP) that was
developed with the concepts described in this book. The website contains
guidelines and information to promote ergonomics and healthy work style
improvements to decrease the frequency and severity of computer-related,
repetitive motion injuries. The ESP program recognizes the contribution that all
employees make towards the safety and well being of their peers. In August of
2004, the ESP was awarded Governor Arnold Schwarzenegger's Employee Safety
Award.
Biofeedback Organizations
http://www.bfe.org/
The Biofeedback Federation of Europe (BFE) was founded to promote a greater
awareness of biofeedback among European health professionals and, through
training workshops, educate clinicians in the use of biofeedback techniques and
technology. Numerous full text articles and protocols are on the website.
http://www.aapb.org/
The Association for Applied Psychophysiology and Biofeedback (AAPB) was
founded in 1969 as the Biofeedback Research Society. Goals are to promote a
new understanding of biofeedback and advance the methods used in this practice.
AAPB's mission is to advance the development, dissemination and utilization of
knowledge about applied psychophysiology and biofeedback to improve health
and the quality of life through research, education and practice.
Literature search
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi
PubMed is the text-based search and retrieval system used for all major medical
and scientific databases. Provides access to full-text articles at journal Web sites
and other related Web resources.
http://www.nlm.nih.gov/medlineplus/encyclopedia.html
Useful site for basic medical and physiological data with good graphics that can
be copied with permission.
http://scholar.google.com/schhp?hl=en&tab=ws&q=
Google Scholar provides a simple way to broadly search for scholarly literature.
From one place, you can search across many disciplines and sources: peerreviewed papers, theses, books, abstracts and articles, from academic publishers,
professional societies, preprint repositories, universities and other scholarly
organizations.
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http://www.cdc.gov/niosh/homepage.html The National Institute for Occupational
Safety and Health NIOSH) is the agency responsible for conducting research and
making for the prevention of related disease and injury. Part of the Centers for
Control and Prevention CDC).
http://www.cdc.gov/niosh/ergosci1.html
National Institute for Occupational Safety and Health, Cincinnati, OH,
publication: Musculoskeletal Disorders (MSDs) and Workplace Factors: A
Critical Review of Epidemiologic Evidence for Work-Related Musculoskeletal
Disorders of the Neck, Upper Extremity, and Low Back, edited by Bruce P.
Bernard. 1997. This document is a comprehensive compilation to date of the
epidemiologic research on the relation between selected MSDs and exposure to
physical factors at work.
http://www.cochrane.org
The Cochrane Collaboration provides up-to-date reviews of all relevant RCTs of
health care. Cochrane's suggestion that the methods used to prepare and maintain
reviews of controlled trials in pregnancy and childbirth should be applied more
widely was taken up by the Research and Development Program, initiated to
support the United Kingdom's National Health Service. Funds were provided to
establish a 'Cochrane Centre', to collaborate with others, in the UK and elsewhere,
to facilitate systematic reviews of randomized controlled trials across all areas of
health care.
Anatomy and Physiology
http://www.dartmouth.edu/~anatomy/
The Human Anatomy Learning Web Site, jointly sponsored by the Anatomy
Department of Dartmouth Medical School and Academic Computing at
Dartmouth College. This site is a work in progress, focusing on the needs of firsttime students of human anatomy. Its aim is to help students learn clinically
relevant anatomy with maximum efficiency.
Ergonomics
http://www.osha-slc.gov/SLTC/etools/computerworkstations/
US department of Labor Occupational Safety and Health Administration offers
detailed guidelines and instructions for good working positions, workstation
components, work process, workstation environment and an useful selfassessment questionnaire.
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10. INDEX
Air quality, 206
Amplification see Gain
Anabolic state, 19-20
Ancoli, S., 39
Arousal, 18-24
Artifacts see sEMG
Assessment
curative exercises, 100-103
ergonomic aids, 97-98
ergonomic assessment, 132-138
head rotation co-contraction, 51-53
Human Function Cure, 18-20
minimum tension awareness, 47-49
mouse use, 83-86
physiological profile-emotions, 72-76
physiological profile-typing, 68-71
position at keyboard, 78-82
post-training assessment, 216-218
telephone use, 87-88
work style and symptom
questionnaire, 129
Audio feedback, 34, 35
Awareness see Somatic awareness
Band-pass filter, 30, 31, 40
Behavioral test, 28
Bennett, B., 158
Biofeedback, 12, 27-126, 177-214
Blaesi, S., 39
Blood flow, 185
Breathing, 7, 61-66, 162, 193, 195-197
Carpal tunnel syndrome (see also
Computer related Disorders), 3
Catabolic state, 19-20
Cell phone, 87-88
Chair, 8, 136, 144-145, 206
Clothing effect on breathing and sEMG,
65
Coaches,
Co-contraction see Dysponesis
Colombo Therapy, 32
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Computer-Related Disorders, 2-6, 172
definition, 2-5
history, 2
prevention, 127-215
Compliance, 151, 221-226
Concept exercises
Back-to-back rub, 209
Body position and thoughts, 212
Chair stability, 206
Dry eyes, 206
Fearful data entry, 179
Feel the mouse, 189
Imagine, 194
Incomplete exhalation, 193
Static muscle tension, 189
Threading the needle, 180
Cost/benefit, 173-175
CTD see Computer-Related Disorders
Cram, J.R., 27
Deltoid, 7, 8, 9, 79
Desk height see Ergonomics
Designer jean’s syndrome, 65
Diaphragmatic breathing see Breathing
Difficulties, 221-226
Discomfort
assessment, 129-131
correlation of awareness, 6-8
correlation of symptoms, 4
ratings, 3
symptom change, 173
Display see Screen
Dodd, C., 2
Dwyer, T., 2
Dynamic relaxation see Relaxation
Dysponesis, 6, 39
forearm, 44-45, 50-54
neck and shoulder, 58-59
performing efforts, 109-110
Eight Components of Healthy
Computing, 15-17, 150-170

244 INDEX
EKG artifact, 31, 36
Electrodes
Artifacts, 29-31
placement, 32-33, 39, 40, 190
abductor pollicis brevis, 97
deltoid, 79
deltoid-to-trapezius, 190
forearm, 41-54, 190
forearm-to-forearm, 97, 115
frontalis, 91-93, 114
leg-to-leg, 115
monitoring breathing, 61-66
narrow, 29
neck and shoulder, 55-60, 190
posterior neck muscles, 90
relaxation, 118
scalene-to-trapezius, 55-56, 190
sternocleidomastoid, 51-53
temporalis, 92
wide, 29
wrist-to-wrist, 114-115
problems, 34-38
Electromyography see sEMG
Email Tips™, 152-170
EMG see sEMG
EMG gap see Microbreak
Emotions, 72-76, 212
Equipment instructions, 31-37
Ergonomics, 4, 6, 16, 132-138, 155-156,
204-205, 207-208
aids, 97-99
arm position, 78-82
assessment, 133-138
chair, 144-145, 206
checklist, 133-138
desk, 146
guidelines, 140-148
keyboard , 78-82, 85, 143, 204, 207
laptop, 147-148
legroom, 146
monitor, 89-93, 142, 204, 207
pointing device, 83-86, 143
posture while sitting, 77-93, 207
telephone, 87, 88, 147, 155
vision, 89-93
worksite, 125-126
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Exercise see Intervention
Eyes see Vision Care
Falkenberg, S., 2
Feedback signal, 34-36
Fight or flight response (see also
Catabolic state), 61
Fitness, 17, 11-114, 165-167
Forearm, 41-50, 190
Forearm-to-forearm, 115
Forms
Assessment, 216-218
Assume goodwill, 215
Bear budget ergonomics, 207-208
Breaklog, 182
Effortless breathing, 195-197
Eight components worksheet, 191
Nine-step problem solving, 198-203
Quick reminder, 210
Quieting Reflex, 213
sEMG monitoring/training, 181
sEMG sensor locations, 190
Frontal, 91-93, 114
Frontalis see Frontal
Gain. 34, 35
Galisky, T., 221
Gasping see Breathing
Genetic predisposition, 17
Gibney, K.H., 3, 173-175, 183-187, 198203, 213, 220, 221
Glasses see Vision care
Gray, M., 221
Grott, R., 204
Group training protocol, 171-218
Handouts see Forms
Harvey, R., 2, 7, 67, 85, 108
Heartbeat artifact (see also sEMG), 31,
36
Hinson, B.R., 39
History, 2
Holt, C., 109-203, 213
Holtz, J., 27
Hormones, 19-20
Human factors expert, 2
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Human Function Curve, 18
Hurrell, J., 221
Hyperventilation see Breathing
Imagery, 46, 194
Industrial engineering, 2
Interventions, 94-102, 100-102, 149-226
Seven week training program, 173218
Kamwendo, 15
Kassman, G.S., 27
Keyboard, 7, 8, 78-82, 85, 143, 204, 207
Kohli, D.R., 9, 39
King, J., 18, 21
Laptop see Ergonomics
LCD screen see Monitor
Let-to-leg electrode, 115
Legroom, 146
Linton, 15
Lynch, R.P., 220
Martin, J., 221
Microbreaks, 104-106, 153, 182-187
Micro-volts (µV), 27
Mindfulness, 121
Monitor, 89-93, 142, 204, 207
Motor unit, 27-28
Mouse see Pointing device
Movement see Fitness
Muscle tension (see also sEMG),
follow-up study, 108, 110
MyoTrac™, 33, 237
Neck and shoulder, 55-66, 83-90, 190
Nixon, P.G.F., 18-22
Occupational Safety and Health
Administration, 2
OSHA see Occupational Safety and
Health Administration
Overuse Syndrome (see also ComputerRelated Disorders), 4
Outcome measures, 173-175, 220-221
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Pain see Symptoms
Passive attention, 120
Peper, E., 3, 6, 7, 11, 39, 67, 85, 108,
110, 173-175, 183-187, 198-203, 213,
220, 221
Pelletier, K.R., 220
Physiological patterns, 7, 9, 68-76, 105,
183-187
Physiological profile, 67-76
Physiological assessment-typing, 7. 6871
Physiological assessment-emotions, 72-76
Pointing device, 83-86, 143
Positions while working see Ergonomics
Positive work setting, 17, 168-169, 215
Posture (see also Ergonomics), 127-148
Predisposing state, 17
Prevention, 127-218
Problem solving, 130-131, 198-203,
219-226
Progressive relaxation see relaxation
Psychosocial support see Work setting
Quinn, M., 39
QR see Quieting Reflex
Quieting Reflex, 213
Regeneration, 16, 111-113, 161-162, 209
Reich, R., 2
Relaxation (see also Regeneration,
anabolic state), 114-124, 213
guidelines, 118-121
forearm, 50
low arousal, 114-124
neck and shoulders, 107-108
Repetitive Motion Injuries (see also
Computer-Related Disorders), 4
Repetitive Strain Injury (see also
Computer-Related Disorders), 2, 172
Research, 95-96
Respiration see Breathing
Risk factors, 17, 18, 21, 130-131
RSI see Repetitive Strain Injury
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Sauter, S., 221
Scalene-to-trapezius see Neck and
shoulders
Schleifer, L., 221
Schultz, D., 2
Screen,
Sella, G. E., 27, 51
sEMG (see also electrode), 7, 27-126,
181
arm position, 78-82, 190
artifacts, 28-31
background, 27-28
effect of emotions, 72-76
keyboard position, 78-82, 190
mouse use, 83-86, 190
posture while sitting, 77-93
practices, 39-126
problems, 34-36
telephone use, 87-88
typing assessment, 67-71
vision, 89-91
worksite, 104-109, 125-126
Shoulder see Neck and shoulder
Shumay, D., 7, 11, 85, 108, 110
SIS see Stress Immobilization Syndrome
Skubick, D.L., 51
Somatic awareness, 16, 157-158
Forearm, 42-43
Lack of awareness, 6-9
Minimum tension, 47-49, 60
Neck and shoulder, 60
Training, 50
Strengthening see Fitness
Stretches, 100-102
Stress see Emotions, Work style,
Regeneration
Stress Immobilization Syndrome, 5
Stretching see Fitness
Stress management, 16, 159-160
Stroebel, C.F., 213
Surface electromyography see sEMG
Swanson, N., 221
Symptoms (see also Computer-Related
Disorders), 3, 129-131, 173-174
Systems perspective, 6, 15, 152-169
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Taylor, W., 74
Telephone, 87-88, 147, 155
Temperature (hands), 61, 129, 131, 213
Temporalis, 91-92
Thayer, R., 160
Thoracic breathing see Breathing
Tibbetts, V., 11, 108, 110
Trackpad see Pointing device
Trackball see Pointing device
Training, 103-126, 171-218
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coaches training program, 175-218
forearm, 42-50
microbreaks, 104-106, 153
neck and shoulders, 55-60, 107-108
performing effort, 109-110
problems, 151, 219-226
relaxation, 114-124
regeneration, 111-113, 161-162
worksite, 125-126
Trainer see Coaches
Trapezius, 7, 55-66, 83-90, 190
Treatment see Intervention or Training
Trigger points, 67
Tylova, H., 67
Typing, 68-71, 78-82, 125-126, 154
Vigilance, 61
Vision Care, 17, 89-93, 163-164, 204,
206
Visual feedback, 34
Visualization see Imagery
VOCs see Volatile organic compounds
Volatile organic compounds, 206
Whatmore, G., 9, 39
Wide electrode placement see flexor-toextensor, frontal, scalene-to-trapezius,
wrist-to-wrist or leg-to-leg
Wilson, V.S., 173-175, 220, 221
Workers’ Compensation, 174
Work setting, 17, 168-169
Work station see Ergonomics
Work style, 16, 22-25, 153-154, 174
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