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ABSTRACT

In this paper, we address the issue how a compatisigm can
coach people in doing progressive muscle relaxati@rcises.
Such a system could help many people in dealing tieir
stress-related problems like poor sleep. We devealdprmal
model of progressive muscle relaxation, providengdas of
typical instantiations of the model and identifywhdlifferent
coaching activities have their effects on the modiake model
can be used as a basis on top of which concretehitmp
applications can be developed.

Categories and Subject Descriptors
H.5.2 [User Interfaces]: Training, user-oriented design 1.2.1
[Artificial Intelligence]: Applications and Expert Systems

General Terms
Design, Human Factors, Languages,

Keywords
Coaching, stress, physical exercises, relaxatiomégbmodel,
algorithm

1. INTRODUCTION

Nowadays, many people suffer from stress-relatezblpms
like poor sleep. Relaxation exercises can help getpldeal
with stress. Through books, DVDs and the web pebjlee
direct access to a plethora of relaxation exercisksvever,
many people have difficulties in choosing appragriexercises,
to actually do them and to keep practicing regularl

In this paper, we address the issue how a compatisigm can
coach people in doing relaxation exercises.

We focus on a family of well-established relaxatiexercises
called Progressive Muscle Relaxation (PMR) (Jacohk®888).

The contribution of this paper is threefold:

1. a basic structure of progressive muscle relaxagon

formalized with the aim to capture the essence of

what this relaxation technique amounts to

2. some examples of typical instantiations of the farm
model are given indicating both the generality o t
model as well as the diversity of the covered asesc

3. a number of coaching tasks is identified and it is

discussed how these affect the variables of thadbr
model

With these contributions we lay an abstract fouiotafor
understanding the coaching of relaxation on topvieich

concrete computing systems (e.g., software apjmitat
for the desktop, mobile phone) can be developed.

2. PROGRESSIVE RELAXATION

In a progressive muscle relaxation exercise thectiianer
tenses a particular body part and then subsequetéigses the
tension paying particular attention to the feelinfigension and
relaxation and noticing the differences betweentitv@e Figure
1 depicts a typical fragment of a PMR exercise scrip

Ri ght hand and forearm Tense your
hand and forearm by making a fist
with your right hand. Hold the tension for
5 seconds. Focus on the tension in your
hand and your arm below the elbow Relax
your hand and arm by opening the hands,
releasing the tension for about 10
seconds. Notice the difference between the
tension and the relaxation. Right upper
arm Tense your right upper arm by
bringing it up to your shoul der

rigHtu

Figure 1. A typical fragment of a PMR exercise.

After working on a particular body part the sameleyof
tensing and releasing is applied to a next body. parhis
procedure is repeated until all (major) areas ef thdy have
been covered.

There exist many different PMR exercises, sincectlaee many
different PMR coaches, each having their own viewbat a
good PMR exercise amounts to. It is not our aim he@pt for
a specific exercise program but to capture the nessef
progressive muscle relaxation and to identify itsangn
variations.

3. AFORMAL MODEL

In this section we develop a formal model of pregiee
muscle relaxation. It will consist of a model foyctes,
exercises and programs.

3.1 Cycles

We start with modeling the basic PMR cycle whichsists of
tensing and releasing a specific body part. Figudepicts the
basic algorithm in pseudo code.

PMR_cycl e(body_part b, instruction i)
b.tense(i.how_tol)

b. keep_t ensi on(ti nel)



b. feel _tension(i.what_tol)

b.rel ease(i.how to2)
b. keep_rel ease(ti ne2)

b. feel rel ease(i.what_to2)

Figure 2. The basic PMR cycle of tensing and releasing a
body part.

In this algorithmb denotes the specific body part that is being
addressed. It is modeled as an object with a numbeethods
associated with it. These are methods for tensingeasing,
keeping the tension / release and feeling the dansirelease.
The argumentdimel and time2 denote the time to hold the
tension and the release, respectively. Typicallyeseé are
constant throughout the entire PMR exercise. Theiraenmts
i.how_tol andi.how_to2 are instructions how to tense / release
the body part (e.g., "tense your hand by makinis#)f The
arguments.what_tol andi.what_to2 denote directions on what
to feel during tensing / releasing. All these instions are
grouped together into an instruction objécwhich together
with the body parb form the parameters of the algorithm.

3.2 Exercises

Next, we consider a complete PMR exercise, whiclsisté of
performing PMR cycles on various parts of the baddyypical
sequence is to start at the hands, then work dpettnead and
then all the way down to the feet visiting all timajor muscle
groups of the body.

A PMR cycle is typically performed twice on each hqzhrt.
The instructions in these subsequent cycles migferd
Typically, in the second cycle some instructions &eft out
("tense your hand" vs. "tense your hand by makinfistd).
Figure 3 depicts the basic steps of the algorithm.

PMR_exerci se(body_parts bs,
instructions is)
for each b in bs
for k=1 to repetitions

do PMR _cycl e(b,is.get(b,k))

Figure 3. Basic stepsof a PMR exercise.

As the practitioner progresses (e.g., from a begiravel to
intermediate to advanced) the instructions typycaitart to
involve more refined aspects of the movements amdations
(“feel the contraction of your bicep" vs. "feel #emsion in your
arm"). Additionally, a program typically consistsf dull

practices (all body parts), abbreviated practicgsde¢tion of
body parts) and practices to break the routinefe(dintly
ordered sequences). The algorithm is depicted gurEi 4.

PMR_pr ogr am

for each t in schedule

do PMR _exerci se(body_parts_seqs. get(t),

instructs_with refinements.get(level))

Figure 4: Thebasicsof aPMR program

In this algorithm schedule denotes a sequencena fioints at
which a PMR exercise is performed. The object
body parts_segs groups together all body part sequences (full,
abbreviated, different orderings) of the programh.hbs a
methodget(t) that yields the particular sequence of body parts
that is visited during the PMR exercise at time painThe
object instructs with_refinements groups together all
instructions with their refinements (ranging frooacse to fine-
grained). It has a methoget(level) wherelevel denotes the
current level of the practitioner that yields timstructions for
the PMR exercise at the appropriate level of refie@m

4., COACHING OF RELAXATION

The coaching of progressive muscle relaxation arsotm a
number of related activities. (1) A coach assefisepersonal
needs and circumstances of the practitioner (epgior

experience, injuries, time available). (2) The toaesigns a
PMR program tailored to the specific needs and oistances
of the practitioner. (3) The coach guides the ftiaoer

through the program making adjustments where neatiaty

the way.

4.1 Assessment

Each practitioner has its own unique needs andiistances.
Some practitioners have plenty of time availablddcexercises
while others only have a few spare minutes a dagraatice.
One of the goals of the assessment is to findithe available
to the practitioner on the basis of which apprdpriealues for
the variablestimel and time2 (used in PMR_cycle),
repetitions (used in PMR_exercise) and schedule (used in

In this algorithmbs denotes the sequence of body parts that are PMR_schedule) can be set.

visited in the exercise. On each of these bodyspare or more
tensing and releasing cycles are performed. Theahlaer
repetitions denotes the number of cycles per body part. Ehis i
typically constant during the entire PMR exerciseheT
parameteris denotes an object that contains instructions for
how to tense and release body parts and what towleen
tensing and releasing them. It has a mettitb,k) that yields
the specific instructions in performing a PMR cyatethe body
partb for thek-th (first, second ...) time.

3.3 Programs

Relaxation is something that is not learned ovemifiMR
exercises need to be practiced over a longer pefotime
typically spanning several weeks and done a numbgmes a
day (e.g., one practice in the morning and ondénevening).

Secondly, some practitioners have injuries in djpediody
parts (like sore shoulders) while others are cotapldree of
pain. An injured body area needs to recover anchaatubject
to tension and release cycles. The coach needéndotlie
injured areas in the practitioner's body, which rtheill be
omitted from the object body parts seqs (used in
PMR_program).

Finally, some practitioners are used to attend tilp
sensations while for others this is completely nessitory. The
coach needs to assess the prior experience ofaleétipner on
the basis of which an appropriate instance fovtdréablelevel

(used inPMR_program) can be chosen.



4.2 Design

The goal of the design activity is to find in chltaation with a
human coach an appropriate instance of
instructs with_refinements (used in PMR_program). Some
coaches like to use verbose language ("now plegsavhen
you are ready, to bring your shoulders all the wpyto your
ears in such a manner that they can almost towah')h while
others prefer to use plain language ("bring yowustters to
your ears").

A second goal is to select in collaboration withuaman coach
an appropriate instance of the objbotly parts segs (used in

PMR_program). Some coaches prefer to start the exercise at assessment,

the hands and finish at the feet, while othersristance prefer
to start at the feet and finish at the head.

4.3 Guidance

Guidance is a very intricate activity involving nyadifferent

aspects, like for instance the scheduling of pcacBessions
(involving the variableschedule in PMR_program) as well as
their rescheduling (e.g., when the practitioner fomgotten or
is not able to practice a scheduled exercise). rQdkpects of
guidance are reminding the practitioner when sessave due,
presenting the exercise (e.g., using audio andvid®o) and
monitoring the execution of exercises (includingith(longer

term) effects). The variables involved in the redig,

presenting and monitoring activities are not pdrthe formal

model yet and need to be explored in future rebearc

5. RELATED WORK

Computer systems that coach people to deal withssstre
constitute a relatively new area of research. Bystare
beginning to emerge that measure user stress amel gi
recommendations to the user how to deal with ft.Bakker et
al., 2012). A number of guidelines have been deezo
prescribing how these systems should present thessse the
user (in their interface) such that they have anoa rather
than an arousing effect (Moraveji and Soesanto2p0h the
system described in (Hudlicka, 2011) an embodied
conversational character is used in the interfaceguide a
practitioner through a relaxation program basednardfulness
meditation.

6. CONCLUSIONSAND DISCUSSION

In this paper, we addressed the question how carpuan be

the object used to coach relaxation. For this we developeatradl model

of progressive muscle relaxation. We have givenmges of
typical instantiations of this model showing itsngeality and
the diversity of PMR exercises. We also considerbd t
coaching tasks of assessment, design and guidarttehair
effects on the variables of the formal model.

The material presented in this paper is a firgt stedeveloping
a formal model of coaching relaxation. Many aspeetsd to be
worked out in future research. The algorithms fdre t
design and guidance activities needbeto
developed. Progressive muscle relaxation can bdicau with
other types of relaxation exercises (see (Smithl.etL996) for
an overview of types of relaxation exercises), udalg
breathing exercises (e.g., exhaling when releasing,
diaphragmatic breathing), autogenic training (esgying or
thinking "relax" when releasing), visualizationdg."imagine
yourself lying on the beach") and mindfulness naiin (e.g.,
scanning the body in a receptive, non-judgmentaly)wa
Additionally, an implemented system will be deveddpand
tested with human practitioners.
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