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ZEDAKER, J. M. Physiolog]

"ABSTRACT

Fitness/Cardiac Rehabilitation, December 1997, 64 pp. (J. Porcari), ’

- Health benefits, both physical and mén'tal,- result from regular, moderate '

intensity exercise. The purpose of this Investigation was to determine the

effects of visual, audio, and interactive external stimuli, pr: W a virtu
Croneee Al Yashal, dlll, alid dnteractive external stimull, provided by a virtual

reality (VR) stepper, on ratings of perceived exertion (RPE), self—sele)::ted -
exercise Intensity, psychological parameters, and exercise enjoyment when

compared to a similar nonvirtual reality (nonVR) stepper, Eight male (age =

256 £ 3.8 yr., ht =174.6 + 5.5 cm, wt = 76,9 + 7.0 kg) and 10 female (age = 255 +
. 50 yr., ht=165.8 + 6.1 cm, wt = 60.6 + 6.5 kg) Volgnteers exer‘cised(fo% 20
minutes af a self-selected pace using the VR or nonVR stepper on separate
~days, in ra_ndom order. There were significant (p < .05) 10% increases in VO3
(29.8 vs. 32.6 ml/kg/min) and caloric expenditure (10,1 vs, 11.1 Kcal/min)

with the VR compared to nonVR condition, There were no significant -
(p > .05) differences in RPE (14.9 vs, 14.6). No significant trends were observed
by the psychological evaluations other than the normal exercise response., o
Follow-up questionnaires indicated a unanimous preference for the VR

stepper over the nonVR stepper. It was believed by the investigator that the

external stimuli provided by the VR stepper caused the subjects’ attentional

focus to shift externally which resulted in a higher level of exercise intensity,
~ without the feeling of greater exertion. - ' - |
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INTRODUCTION _
One of the primary goals of the hel.-a_lt'h, physical education, and fitness .
fields is to Increase the activity levels of the general population, Regular B
physical activity is a necessary component in one’s overall physical and
psychoiogical well-being(18) Studies have repeatedly shown that regular '
' exercise provldes numerous benefits, ranging from greater cardiovascular and.
_ muscular efflclency, reduced risk for chromc disease, 1llness, and morbrdlty, to
reduced levels of stress, better we1ght management and feelings of gtcater
self-esteem, body-image and overall wellness (18 26 32) Unfortunately, the
expansion of sedentary lifestyles throughout the country has caused a rapid
rise in the levels of chronlc diseases and lllnesses, such as coronaly heart
drsease, atherosclerosis, cancer, diabetes, and many others (28). The U.S.
' Department of Health and Human Services (28) reports that currently 50% of
the annual deaths in the U.S. can be attributed to cardiovascular disease, The
_ Surgeon General’s Report (29) on Physical Activity and Health ancl the .
_ Amerlcan Heart Assocratlon (2 ) have declared inactmty_ as an offrcral health
risk factor. ' - I
Ina joint report sponsored by the U S. Centers for Disease Control and

Prevention and the American College of Sports Medtcme (2/), it was stated

i

;

 that ”only 22% of adults engage in Iersure tirme physrcal actmty at the level
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health benefits (p. ) A recent study conducted by Blair and assocmtes (4) has

shown that people who were at a moderate level of frtne ss had lower rates of
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all-cause rnortahty Health lnformatlon has been continuously reported and .

emphaslzed by agencles Whlch promote physical activity and healthy
| llfestyles, yet the population at large remains mostly inactive (5,8).
According to Dishman (12) approximately 50% of new parttcxpants drop
out of exercise programs, which tends to lead a person to remain inactive.
The reasons for dropping out are varied and numerous, with the ma]orlty
being motlvational in nature, including boredom and nonen]oyment (11,12).
Various r research, primarily in the fields of psychology and Sports psychology, -
has emphasized the role of personal percsptton (one’s subjective awareness of
the actwity) as being a major determining factor in adherence (25, 32)
L1kewlse, this factor has been hlghhghted as a predictor for the likelihood of A
person remaming active throughout their lifetime (24). In addltion, '
_researchers such as Wankel (31) identified that people’s motivational factors
differ from one person to another, and these perceptions often shift over time
‘within the same person. Therefore, it is paramount that professxonals in the '
freld of health and f:tness develop innovative approaches to helping
| participants attain their personal exercrse goa‘ls. This will in turn facilitate
long-term particip‘ation in regular phySical activity, ' '

One of the approaches to enhancmg motlvahon and en]oyment of
exermse has been in the area of visual and audio sensory dwersmns Studies
by Viteri (30) and Mertesdorf (21) have shown that when subjects were
exposed to external stlmull such as audio and V1sual they tended to either
' exerclse at a greater self-selected inten51ty level, or felt that a gwen intensity
level was less difficult to maintain durlng exerc:se. By prowding diversions

during exermse, many positive outcomes can result concerning one’s physrcal _'

o fltness. The exerc1ser can feel i lmmex sed within the expenence and as a result




~ exercise for a longer duration, at A greater intensity level, and yet not feel

' overly exerted. These positive changes allow for a person to more likely

' achleve a higher aerobic capacity, lower body fat, and gain more enjoyment
from the exPerlence. - . '

A combination of these eXternal diversions has been Created in the new
Tectrix Vlrtual Reality (VR) aerobtc exercise machines (Tectrix Fitness
Equipment, Irvine, CA). The purpose of this mvestigatlon was to determme
the effects of vrsual audio, and interactive external stimuli, provided by a
vnrtual reallty (VR) stepper, on ratlngs of percewed exertlon, self—selected
exerc1se intensity, and exercise enjoyment when compared to a similar
‘standard’ (nonVR) stepper Thls study may provide a benehcml insight mto
‘increasing regular physical actlvity, lmprovlng exercise adherence, and

" enhanclng program retention.

METHODS AN D PROC EDURES

The subjects included 18 volunteers, 8 men and 10 women, from the

' La Crosse, WI area. An advertisement was listed in the local newspaper for

sub]ects who were 21 - 39 years old, moderately actlve and apparently healthy,

and had no known cardiovascular or orthopedlc problems Applicants were
' provided general 1nformation about the study and screened for the required
criteria, Apparently heal thy was mdicated by not answermg 'ves’ to any of
the Personal Actlwty Readiness Questtonnalre (PAR-Q) questrons on the

| personal health and 1nformation questlonnalre (see Appendix A).
.Moderately active was detarmmed 1f the subject aerobically exermsecl two to
'four t1mes per week for 20 60 minutes per exercxse sessron. Each of the o

' accepted sub]ea.ts signed an mformed consent form (see Appendlx B) prior to
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participation in any phase of the study No compensatlon was given to the

; subjects for participation in the study. The procedures for the study were

evaluated by the Institutional Revlew Board at the University of Wisconsm-

~ La Crosse (UW -L) and deemed that the participants would be placed at

mmimal risk.
a Collectior nd . Procec

.

All testlng and data collectlon was performed at the UW-L Human

Performance Laboratory A total of 4 days was required of each sub;ect for data
: collection Two days were or1entat1on days. in whlch the subjects became
-famlllarized with the exercise and measurement equlpment and testing
_ procedures Two days were testmg days with subjects randomly assigned to
test first on either the VR or nonVR machlne. The sub]ects were tested and
' | measured as they exerclsed at a self-selected pace for 20 mmutes on either the

VR or nonVR stepper.

1rst Orientation (Day ) The sub]ects arrived for a 30 mlnute sesslon

durmg the f1rst day of orlentatlon The mvestigator prowded a verbal

- overwew of the study Subjects completed a personal health and information

questionnalre, and then read and signed the mformed consent form. The

| Ratmgs of Percelved Exertion (RPE} Scale (6) (see Appendlx C) Exercise
' Induced Feellng Inventory (EFI) (14) (see Appendlx D), and Profile of Mood

States (POMS) (20) (see Appendlx E) were explained to the sub]ect uslng a

wrltten scrrpt (see Appendix F) in order to mcrease umformlty of mstructlon

Upon completlon of the paperwork the sub]ects were ass1gned a

. number Whl(.‘h would be used throughout the study for purposes of
' 1dent1f1catlon. The sub]ects were then provided mstructlon as to the pr0per '

. -use of the aeroblc exercise equipment (Tectrix VR stepper and Tectrlx stepper) "




' The practice session conslstcd of starting and stopping the equipment setting
the exercise intenblty levels, and engaging in the exercise activity,
mg_ommmg_@@_g) The second day of orrentation begart with '
-the researcher provrding an oral overview of the test procedures, mcludtng
explanatlon of the ratings of perceived exertion (RPE) scale (6) using the

written script. The _subjects practlced with both pieces of equipment (VR and

nonVR), by starting and stopping the machines, increasing and decreastng the

| exercise intensity level, and otherwise'engaging in the proper movement -

patterns until both the subJect and researcher felt they were competent with _

the equlpment
Durrng the rematnmg 15 mlnutes of the orientation session, the
sub]ects were verbally 1nformed about the direct ventilatlon measuremcnts to

be gathered usmg the QumtonQﬂpleﬂ (Quinton Instru‘r‘nents Company,

Seattle, WA). In addition, the subjects were fitted with a complete ventllation '

headgear and mouthpiece. The sub]ects then continued to practice on the
. exerclse equlpment with the head gear and rnouthprece in place This
. procedure was conducted in order to better acqualnt the sub]ect to what they

- would be experiencing during testmg

ﬁrﬂ_eit_lg_@_ay_a Prior to the arrival of the sub]ects, the 1nvest1gator

assigned the subjects to the prece of equlpment on which they would be tested

L (VR or nonVR). Subjects numbered 1 - 9 tested first on the VR stepper, while

' sub]ects 10 - 18 tested first on the nonVR stepper. The sub]ects arrwed at the
~ lab and comp]eted the Exercrse Induced Feelmg Inventory (14) and then the

. Profile of Mood States questlonnarre (20). A wrltten script was read v.erbally

to the SUb]ECtS pr1or to cornpletmg the forms, Once the forms were

B compietad the subjects were weighed and fitted w1th a Polar heart rate
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monitor and ventilation headgear Prlor to exe1c1se,, the subjects stood next to
_ the exercise equxpment for 1 minute in order to establish baseline

. measurements of VE VO:z, VCOz, RER HR and RPE, while the 1esearche

-
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The sub]ects exerc1sed at a self-selected pace, for a total of 20 rnmutes

o e Ty

while increasing and decreasing the intensity level w1thout spec1ftc
knowledge of the exact workload. External informatlon regarding intensity

. and time, such as consoles and clocks, were covered up during the testing
sessions, The Q- -plex1 was callbrated befoxe and after each subject us:ng._,
known gases and volumes. Every 15 seconds the Q plexl collected VE
(L/min), VO, (ml/kg/min), VCOz (L/min), and RER. HR was recorded eveiy

mmute, and RPE was assessed every 4 mlnutes on the data collectlon sheet

(see Appendlx G). At the end of the 20 minute exercise session the subjects
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were told to stop exerc1sing and to rest while sitting in a chair The subjects
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' _were considered recovered once the1r heart rates were below 100 bpm. Five
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minutes after the exercise session the EFI and POMS were readministered.

. ﬁegg_n_I_gs_ti ng {L)ax 4) The same procedun was followed for the
second day of testing, with the difference bemg that the subjects exercised on
the other plece of aerobxc exercise equipment, VR or nonVR 1e3pectively

- Afterwards the sub]ects were given a follow -up questlonnalre (see Appendix

- H) to complete the next day and return within 1 week.

Descnptwe statistics were used to summanze the general physical
characteristlcs of the subjects. A two- way ANOVA with repeated measures
was used to determlne 1f 31gn1f1cant dlfferences exrsted in the physmlogical

responses between the males and females, and between the two types of




steppers (sex X'conditiOn). No significant interaction was found betWeen .-
. .-maieb and females, therefore the data (vere combmed for further anelysm
| _IW1thout regard for gender Paired t-tests were used to determme the
o ,'physmiogical differences between the VR and nonVR cond1tlons ‘The
| psychological data were analyzed using a three-way ANOVA (sex X condition
- Xpre - postexermse) No signiﬁcant differences were found in the responses
' between males and fernales, therefore the data were collepeed and analyzed
: w1thout regard for gender Palred t—tests were used to determme the
peychological differences between the tWo condltions, and between the pre -
'end postexercrse scores within each condition The alpha Ievel was set at .05
' to represent statistical signiftcance ' '
- RESULTS
The deecriptive statistics of the subjects are dlspiayed in Table 1

Table 1. Descriptive physical characteristics of the subjects,

 Age(yr)  Helght (cm) o nght (kg)
- . X & 5D " - x+8D - x+8D
Variable (tange) _l(range) : - (range)

 Males (8  256+38 1746455 769 7.0
' o (28-28)  (1664-1816)  (63.6-85)

CFemales (10) 255450  1658£61  606%65
' - (@21-39) (1575 174. 6) (504 - 67.7)

A comparison of physioiogical responses between the VR and nonVR _

. conditiom is presented in Table 2 Overall the sub]ects produced p,renter self-




o selected exercise intensntles with the VR compared to the nonVR stepper in

- terms of VOz, Kcals, and I—IR The- increases in VOz and Kcals were

- statistically sngmﬁcant p £ 05), however the 7 bpm heart rate mcrease was

- not mgmﬁcant (p >.05). No sigmflcant dlffetences (p > 05) were found

o '-between the RER and RPE varlables

-'Table 2, I’hysiologmal measurements of the subjects while exercising on the
- VR and nonVR stepperb - -~ '

o - VR _ nonV.R
- Category . Mean t SD Mean + SD

- VOy(ml/kg/min) 32.61 69

. Kecals/min 1114+ 2.6
HR(bpm) 1631136

. RER  0.9940.03
. RPE 146 + 15

K indicates significant difference (p < 05)

Table 3 displays the tesults of the Profile of Mood States questiommirv

" The Total score from pre - o postexercise for both the VR and nonVR exerclse

, 'machmes slmwed a honsignificant dec.rease (p > 05). The Total score was
subdiwded into six categorles. Tenslon-Anxiety (T), Depress{on-Dejection
(D), Anger-Hostillty (A) Vigor~Actlvity( ), Fatigue Inertia (F), and .
Confusion-Bewilderment (C). For the VR condltion, a significant decrease .
P< 05) was found in Tension, Depression, and Confusion from ple to post

‘exercise. For nonVR, only Anger was significantly decreased (p £ 05)




able 3. Exercise induced psychological changes as measured by the Profile of
' Mood States Questionnmrei -

“Virtual Reaiity- L ~ Nonvirtual Reality

Category  Pre Post A ~ Pre  Post

~ Total 1055 +245 99.4 4 17.7 61 1158 +229 10614149 -9.7
T 75156 45134 30 82% 61 564 30 -27
) 43:47 17428 264 4451  28+27 16

D
A 36147 26+59 10 36£40 21429  -15
’ _

” | : _7.1:1__',4,9 -0.9 o 8.1+ 5.6 *7.41:-.4,.4 )i
08£29 24*  60x34 45526 15

K indicates slgnificant clifference (p s 05) between the pre . and postexercise
~ scores.

T = Tension Anmety, D = Depression-De]ecnon, A = Anger-l—iostiltty,
-V = Vigor- Activity, F = Fatigue- Inertia, C = Confuswn-Bewilderment

'foilowmg exercise. No significant interactions were obsewed between the VR'

and nonVR conditions, indicating that though there were some significant
: changes, they were not ciifferent between the two conditionst
The results of the EFI are presented in Table 4, The inventory was |

'comprised of four categories. Revitalization (R), 'Tranqu'iiity (T), Posltive

' _anagement (PO), and Physical Exhaustion (PE). The Revitalization category -

_- showed significant increases (p s 05) from pre ~ to postexoroise for each _
- modality (VR and nonVR) No signifioant differences (p > ,05) were found in

any of the other categories for either condition. No significant interactions
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were observed between the VR and nonVR condltrons, indicating that

though there were some sxgniﬁcant changes, they were not different between

the two conditlons.

Table 4, Exercise 1nduced psychologtcal changes as measured by the Exercise
Induced Feeling Inventory R .

Virtual Reality ~Nonvirtual Reality

Post A

46+26 64¢23
6.3 4. 2.4 61122
674£23 72425
'46@20 soiz

;Cigtdicates s1gniftcant dlfference (p<05) between the pre ' and postexercise
8, | | | |

' R = Revitalization T_ Tran uilit , PO = Positive Eng: .
" PE= Ph}’srcal Exh;ustion h y S gagement, -

v A S
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'lhe results of the follow-up questionnaire showed a unanimous
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-preference (18 of 18 subjects) for the VR stepper over the nonVR counterpart

-SubJects indicated that they felt they would exercise longer, at a hi&,ho
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intensity, and more frequently \f the VR steppcr was available. The following
s a compilation of the answers reported by the subjects. The questionnahe
o .used a 10 point Likert scale from whlch the subjects ranked thelr answers
from 1 ”not at all effective/en]oyable" to 10 "'hlghly effective/enjoyable” The

first question asked “how enjoyable was your VR wotkout”, and the scorod




reSpOnse was 8.7 + 1.3, Conversely, the second question asked the subjects

 “how enjoyable was your nonVR workout” and the reported score was 3.9 +
1.3, The remainmg questions centered on the effectiveness of the VR
. machine in 1nfiuencmg certain aspects of their exercise regimen, nameiy
frequency, duration and choice of jommg a spec1fic program., The subjects
'. reported they would exercise more frequently (7.6 1 9), for a longer duration
(8.2 + 1 3) and would more likely join a health club offering the VR _
' technology (6.7 + 2.4), 'I‘he results of the questionnaire clearly reflect a greater

preference for the VR stepper over the nonVR stepper

DISC‘USSION

The purpose of this investigation was to determine the physiological
and psychologicai responses to seif-seiected exercise on a VR and nonVR
stepper It was found that sub]ects chose to exercise at a greater 1ntenslty leVei
' whiie using the VR stepper, as 1ndicated by the 10% increase in oxygen

' consumptron end caloric expenditure, and the 7 bpm higher heart rate, than

“when exercising on the nonVR stepper. This greater exermse intensity was

. .produced with no differences in the subjects’ perceived exertion leveis
between conditions [t was hypothesized that the audio, visuai end
' proprioceptive external stimuli produced by the VR stepper caused the
'- subjects to be more distracted during the exercise, - -
N Attentional focus studles (7,22 23) have reported that when external

- stimuii were present during exercise, subjects tended to exercise either for a

. ionger duration or at a higher intensity level than when no external stimuli
~ were present. I’sycheiogists describe this phenomenon as dissocietion,

whereby the subiects attentional focus s shifted from internal cues of how

herd they feei they are working Studies by Pennebaker and Lightner (23)




. .-support the viabthty of usmg external stimuli to alter the attentlonai focus

away from mternal cues. l"hey showed that externai stimuh, both vnsual and

audltory, can reduce the feeiings of exertion and fatigue while exercising. The

researchers postulated that the subJects were focusmg on external factors to a

hlgher degree which caused the processing of Internal sensattons witlun the ,

. brain to be restricted These results support those found in the current study

Harte and Eifert (15) found that their subjects had greater feehngs of
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exertion while runmng indoor as compared to running outdoor at the same

, pace. Smular results were reported in a study conducted by Cecr and I-{assrnen '
o (9) when sub]ects were asked to replicate three RPE levels on a treadmill and
' outdoor track. For each level of RPE the subjects self-selected higher speeds

during the outdoor track condition. This iiiustrated the effect of external

' 'stimulation on perception of effort

Johnson and Siegel (16) discovered that active external stirnuh caused a

. reduction of the rating of perceived exertion by 1, 7 points, on a6 - 20 scale,

i during high intensity exercise. These findings were comparable to the Clll‘“‘l"nt -

- study as ¢ subjects chose to ex ercise 10% hatder on the VR stepper even though

' they perceived the effort to be the same as the nonVR stepper at a lower
intensity level. Borg (6) states that perception is derived t'rom numerous cues
throughout the body These cues originate from rnany sources, such as joint
proprioceptors, muscle motor units, baroreceptors, and blood pH detectors.
These factors interact with one another and are organized by the brain. _
Additional varlables influence the configuration of these factors and include:

' past exercise performance, mood, ernotional disposition, and goals. Once
organized in the higher brain centers, these factors cuirninate Into a single

; perception, or ‘Gestalt" of how hard one is working ( ). Though this




perceptlon is transrent not only from one exercnse sessron to another, but '
from moment to moment it can be quantlfled through the use of the RPE

I"chart '

' According to Dishman (11), only a small percentage of peopie exercise B

at a level which promotes catdtovascular benefits. However,. the results of

~ this study appear to support the belief that by providmg external stimuli

participants will choose to exercise at a higher intensity level, yet not feel that
o they are working as hard. The ACSM (1) states that intensity is the most
. important component in exercise prescriptton demgned to enhance physical
fitness. Physiologicai benefits, such as a hlgher aerobic capaclty and lower
' body fat percentages, are more eas1iy attamed by the particrpants If they
' exercise more intensely (33) In addition to the physioiogical measurements
observed in the study, spec1fic psychoiogical factors were investigated.
Exercising on both the VR and nonVR steppers resulted in si:niiar
. psychological changea, with no significant differences between one anothet.
-. This lndicated that tle changes were most likely due to the exercise itself and
not the spccific exercise condition. Psychoiogical factors are part of the
, inteprative perception of exercise and play a 1ole in exercise adherence (1 9).
Regular physicai exercise has been shown to dectease depression and anxiety,
' and increase the sense of overall weli -being (1,2,8).
The POMS serves to measme the changes in a person 's mood state due
to an exercise intervention. There are six categories which ald in specifying .
these mood changes. It was expected that following an acute bout of exercise '
| ali of the categories should decrease, except Vigor (20). This trsnd was evident

as Tension, Depression, Anger, Fatigue, and Confusion scores decreased while

Vigor lncreased after the 20 minutes of self-selected exercise, for both thc VR
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and nonVR stepper, wrth no signlfrcant differences between the two

conditions. In a study by Harte and Exfert (15) they found that those sub]ects

~who ran outdoor for 45 minutes were srgmﬁcantly less anxious, Iess

depressed less hosttie, Iess fatigued and more invigorated, with no change in

.  confusion. In the current study the observed changes were the normal

- psychoiogical responses expected after exercise as reported in the iterature
(14261720), '

Tensron, Depression, and Confusion were the three variables which

.' srgmﬁcantiy decreased during the VR condition. Anger was the only variable

_which 51gn1ficantly decreased for the nonVR condition. The important point

of this psychoiogical investigation was the direction of change for each

category, which indicated normal acute exercise responses even though most

of the changes were not significant. The nonsignificant changes may be due
solely to the short duration of exercise or the SpelelC exercise modality Since

the changes observed between the VR and ronVR conditions wete not

sigmficantly different from one another, it can be assumed that the changes

- were mainly due to the acute bout of exercise and not the fact that they were

exercising on a VR stepper.

‘The EFI is sensitive to how a person feels toward a given exercise

intensity Gauvin and Re]eski (14) state that a combination of variables

contribute to a person’s wiiiingness to exercise, and inciude. social

'environmentai cognitlve, emotional, exercise intensity, and personai history

'Increases in EFI scores shouid be observed in tevitalization, tranquility, and

positive engagement, while the physicai exhaustion scote should decrease o

(14) For this study, the revitaiization SCOTE Was the only feeling state which

: significantiy increased for both the VR and nonVR condltions. No




sigmflcant changes were observed in tranquility, posrtwe engagement, or

' phy31cai exhaustion, in either exerc1se condition, The changes did not adhere

exactly to the expected trend as shown by the small decreases in tranqulhty of
N 0.2 and 0.4. The reason for this: may be due to the short length of the exercise

sessmn or the spec:ific exermse modality 1tse1f However, accoidmg to GEiLlVli't '

“and Rejeski (14), Massie and Shephard (18) and Mc'Nair, Lorr, and

.. Droppieman (20) the observed changes were indicative of moods after an
acute bout of exercise, nameiy feeling energized yet calm, and deriying a
~ greater sense of enjoyment from the experience ' _
Overali the subjects reported greater enjoyment during exercise with

the Vl\. stepper than when using the nonVR steppr r. The foiiow-up

‘questionnaire found that the sub]ects unanimously preferred the VR stepper

~ over the nonVR iitepper. They expressed greater enjoyment with the

' interactive nature of the dewce, and W1th being distracted during the exercise

_ which made the exercise feel less tiring, and the time to pass more quickly
'This finding co1ncicied with a study by Boutcher and Trenske ( ) who
“observed greater feelinps of enjoyment in subjects who listened to music

while exercising. Likewise, Harte and Eifert (15) found that enjoyment of

N 'vigorous activity POSE as external stirnuli increased and the focus of attention o

~ for each subject shifted externally Exercise enjoyment is a component in the
perception of exercise Intensity and continued lifelong participation (19)

' The subjects en]oyed the VR condition more than the nonVR, and

they Indicated that they would have a greater tendency to continue an

exercise regimen which Included such a machine. By maintaining an exerclse '

reyrimen, and at a higher intensity level as shown by this study, the subjects

o would be more iikeiy to achieve greater physioiogical and psychological




. benefits Studies by Wankel (31) and Custer and Doty (10)

mdlcated that when
partictpants beheved they were receiving health benefits and making

. observable personal gains with therr exercise routine, they tended to remain

wrth the program Thus it could be hypothesized that observable gains
elrcited through the hlgher intensrty level of the VR machine over the

duration of an exercnse reglmen would enhance the likelihood of

a person
staying with the program : '

Dishman (13) reported that drop out rates increased as intensity levels

. mcreased In the current study perceptlon of the exercise 1nten51ty was lower

- and enjoyment of the exercise greater with the VR condition, therefore

participants wouid be more likely to remain. Adherence s a multrfnceted
challenge faced by all professionals in the field of health exercise, and fitness.

By engaging participants m as many positive ways as possible the outcome

continued regular physmal activity over a lifetime is promising (3).

for

In summary, the results of this study found that peopie produced a 10%

higher VO2 and caloric eXpenditure on the VR stepper. without feeling that

they exercised any harder, This observation suggests that by providing people

~ with external stimuli such as with the VR technology, greater health benefits

may result, including higher aerobic capacity, decreases in body fat, enjoyme
of the exercise, and increased adherence.

It

Puture studies should compare varying levels of eXternal stimuii
investigate the minimal arnounts required to produce increased intensity

ievels with no changes in perceived exertion. A more refined questionnaire .

shouid be devised which defines and tracks the sub]ects attentional focus

before, during, and after exercise. Screening sub]ects prior to exercise for

indivicluai attentional focus tenclencies may allow future investigators to




observe chmges in these groups. The results of these investigations may

allow reaearchers to focus on 5pec1f1c attentmnal stlmuh and modlfy e><1st1ng

modalitxes to optlmlze physmloglcal and psychologlcal outcomes.
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) 'Name, (last)

. “Address:!
()
_ Telephone. (home) .

Height: (in) _
Family Physic:lan,

o Personal Data Information:

— (flrst)

(state)

(work)

'-_.Date of Birth __L__L_ Age' Gender
(cm)_______-_;___i, Welght:_(lb)

Climc* -

Date of last physical examination' ____L__;
' .Personal Activity Readiness Questionnaire (PAR-Q)'**

The PAR-Q is a standard form designed to determine your mitrai

_ -_lheaith and activity level, The test identifies those individuals who may be " .
- riskif they engage in this study. Answer the following questions to the best of

your ability, Check ‘YES' or ‘NO’ to answer the questrons as they pertain to

'you.

2.
3.
4,

5.

6.

Has your doctor ever said you have heart trouble?
Do you frequently have pains in your heart and chest?
Do you often feel faint or have spells of dizziness?
Has a doctor ever said your blood pressure was too
high? o .
Has you doctor ever told you that you have a bone or
joint problem such as arthritis that has been
aggravated by exercise, or rrught be made worse
- with exercise? -
Is there a good reason not mentloned here why you
“should not follow an activity program even if you
- wanted to?

*Amerlcan College of Sports Medrcine. Gurdelines for i:,xen:lse Testing and
Prescrlption, ed 5. Philadeiphra, PA Williams and erkins, 1995. '
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R Informed Consent to Act as a Subject in a Research Study
 Titler - - "

~ Physiological and psychological responses to self-selected exercise Llsitlg .
a virtual reality and nonvirtual reality stepper, . - ' '
~ Investigators; '
John Porcari, Ph.D, - Committee Chairperson B ,
Exercise and Sports Science Department Room 216 Phone # 785-8684
Jason Zedaker, B.S. - Graduate student, UW - La Crosse -
~ Source of Support: ' .

- Technical and material support provided by the Tectrix Fitness
~ Equipment corporation. - | . . '
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- The‘pulrpose of this study is to determine if there are greater positive
 effects derived from the VR aerobic exercise equipment when compare to
 Standard” similar aerobic exercise equipment, in terms of how hard you work,
how' hard.you thmk you are working, and how much you enjoy the exercise.
During this test you will be asked to exercise at your own pace on both the VR
~stepper and nonVR stepper, on separate days, Physiological measurements
. wil_} be measured while you exercise, and include; direct ventilation, using
.'.Qumftolefplexl-- metabolic equipment, and heart rate using'_a Pacer heart rate
monitor chest strap and watch. Perceptual measurements will also be '
~measured to include: Ratings of Perceived Exertion using a Borg scale,
- e_xel:cise_-enjoyme_nt using an Exercise Induced Feeling Inve'ntdi'y (EFI), and
feelings using a Profile of Mood States (POMS) questionnaire. | -
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.  Two familiarization days will be conducted prior to any testing and will
- take 30 minutes each day. On the first day of orientation, you will complete a
- personal health and information questionnaire (PAR-Q) and informed
- consent, During the two orientation days you will utilize and become
~acquainted with both pieces of exercise equipment and the testing procedure.
- Two testing days will be conducted following the two orientation days. On
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~ cach testing day, you will complete two questionnaires: a feeling inventory

' - (EFI) and Profile of Mood States (POMS) before and after the exercise, You

. will exercise on one of the aerobic steppers (VR or nonVR) for 20 minutes at
- your own pace while the previously listed physiological and perceptual

~ measurements are being taken. You will not be required to exercise at a rate

greater than you normally attain. Total time required for each test day will be

~ Thour, On the fourth day you will be given a follow-up questionnaire to

| _-"Complete_.and return within one week,

Risks and Discbmfotts': -

~ Withany type of physical activity, there is a certain amount of risk,

Though the Investigators have endeavored to minimize any possible risk, it
is important for you to understand the potential risks, The risks include, but

~ are not limited to: discomfort; injury to bones, muscles, ligaments, tendons,

and joints; 'soreneSs;faintlng; heart attack; and even death. In order to reduce

§  these risks further, it is important for you to divulge any and all pertinent
- Information concerning your health history requestuii by the staff and on the
- designated forms to the best of your ability, In addition, remember to only
- exercise at your normal self-selected exercise intensity during the tests, and to

report any unusual feelings before, during, or after the test to the technicians,

) Inquiries:

You are encouraged to ask any questions you may have concerning the

test and the procedures, The researchers will be pleased to provide any
further explanation you require, o i .

~ Confidentiality:

: B Anyinforrﬁation cbtalin‘ed' from this research study specifically

- concerning you will be kept strictly confidential. Your identity will not be

- revealed in any description or publication of this research. B

I Potential Benefits;

 As a result of thisstﬁdy, you will be exposed to additional aspects of the

 field of exercise and health, and will gain a better understanding of your own

' 'phySicjal' fitness, In addition, you will gain the_pe’rSQnal knowledge of being '

‘part of a research study investigating the latest development of virtual reality
- aerobic exercise equipment, self-selected exercise intensities, and exercise -

- perception and adherence,
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- Freedom of Consent;

~ Your participation in this study is completely voluntary. You are free

to terminate the tests at any time, Prior to eneacement in e roois

e o e e Aty it PHOP 10 engagement in the testine

g’;gg‘gi;re% an inforn:lational sheet will be disgtri%uted whicheptfgxtriir:iges a
- 2yNOpsIs of the procedure. You will not be entitled ta Amt: omes e oson ot o
- 'partieipa'ting in li‘his study, wifl not be entitled to any compensation for

g have Cﬁl‘efully read this form and undEI‘Stand

the test procedures and I am fully aware f the possible risks 1 oive m
consent to participate in this stugy. e of the possible risks, ' give -

Signature

Date

~ Witness
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very, very light

very, light

fairly light
~ somewhat hard

Ratings of Perceived Exertion Scale *

11
13
*Borg, G. Perceived exertion:

Sports 5
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- EXERCISEINDUCED FEELING INVENTORY*

 Instructions: Please use the following scale to indicate the extent to which _
~each work below describes how you feel at this mor ent in time. Record your
- responses by circling the appropriate number next to each word, _

~ 0=Do Not Feel (DNF)
~ 1=Feel Slightly '
- 2=Feel Moderately
- 3 =Feel Strongly N
‘4 = Feel Very Strongly (FVS)

1. Refreshed (DNF) 0 1 2 3 4 (FVS) 7. Happy (DNF) 01 2 3 4 (FVS)
2, Calm - (DNF) 01234 (FVS) 8. Tired  (DNF) 012 3 4 (FVS)
3. Fatigued (DNF) 012 3 4 (FVS) 9, Revived (DNF) 012 3 4 (FVS)
- 4. Enthusiastic(DNF) 0 1 2 3 4 (FVS)10. Peaceful (DNF) 01234 (FVS)
5. Relaxed (DNF) 012 3 4 (FVS) 11. Worn-out (DNF) 0 1 2 3 4 (FVS)
6. Energetic (DNPF) 01 2 3 4 (FVS) 12. Upbeat (DNF) 01234 (Fvs) [B

- *Gauvin, L., and J. W. Rejeski. The Exercise Induced Feeling Inventory:
development and initial validation. J. Sport Exerc. Psychol. 15:403-423,
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' -'Five selected adjectives from the Profile of Mood States Questiormiare.

0= Not at all
1 = A little
= Moderately
3 = Quite a bit
4 = Extremely

1 ACtiVe i L .r'i ' i'i- ' tOI .
2 REIHXEd. I IR I IR B 0

3. Fatigued ..'. +I¢ W 0

4¢ AnKiOUS s 14 b s iO - .
5 Alert....,.....0

4

' Reproduced W1th permission. POMS COPYRIGHT 1971 EdITS/ Educatmnel
and Industrial Testing Servwe, San Diego, CA 92107

..'*McNalr, D. M., M. Lorr, and L. F. Droppleman* Profile of Mood States
Manual, San Diego, CA: EdITS/ Educational and Industrial Testmg Servlce,
1992 -
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‘The RPE script was read as follows:

During the test I will ask you how hard you feel you are exercising,
The RPE chart ranges from six to twenty, with six indicating no exertion at all
and twenty being a maximal effort, There are some descriptive words on the
scale to ald you in your number selection. There are no right or wrong
‘answers, the number {s entirely your personal perception, I simply want you
to point to the number which indicates how you are feeling at that time.

 The EFl script was read as follows (Gauvin & Rejeskl, 1993);
- Please'l 'use"the following scale to indicate the extent to which each word

‘below describes how you feel at thi In time, Record your responses

by circling the apprc)pl*iate number next to each word.,

The POMS SCI‘ipt WaS' read as fO“OWS (MCNE]iI‘, LOI‘I‘, & Dropplemanflggz): |

Below is a list of words that describe fee'lingspeople: ha’ve; Please read

each one carefully. Then fill in ONE circle under the answer to the rigit

- which best describes HOW YOU FEEL TODAY. |
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Whrch exercrse dld you prefer (crrcle one)?

Virtual Reality (VR) Stepper Nonvirtual Reahty (nonVR) stepper -

2, Why did you prefer this bike over the other (please be specrftc)?

-3 How en]oyable was your Virtual Reality (VR) workout?

Not at all . - - Highly

Enjoyable ~ Enjoyable ~ Enjoyable

L2 8 4 s 6 7 8 9

4, How enjoyable was your Nonvirtual Reality (nonVR) workout?

'.Not at all | o D - "Highly

Enjoyable o Enjoyable _ _ . - Enjoyable .

-5 Was VR technology effective in making the exercise more en]oyable? -

Not atall S -
_ S _ Highly
Enjoyable i - Enjoyeble - ' - Errjgo;rﬁble




R X I—low effectwe would VR technology be in 1nfluencmg how often or

'-'-'how frequently you exerclse?

Notatall S o S Highly
Enjoyable .  Enjoyable o - ~Enjoyable

7. How effective wouid VR technology be in extendmg the length of your

e ”average workout tlme (e.g., from 20 to 30 minutes a session)

Notatal  Highly
~Enjoyable  Enjoyable _ ~ Enjoyable

8 How effective would the availability of machines which utilized the
VR technology be in impacting your decision to ]om one. partxcular health

.club over another?

' N_ot_ata_ll ' - , N _ o : nghly
Enjoyable - - Enjoyable ~ Enjoyable

9, Please list any other comments or observations you had about your

experiem‘e on the LLE_s_tg_pp_e_:

10, Please list any other comments ot observations you lmd ab-out your !

_OXperience on the mny_R_sjgnp,a:
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REVIEW OF LITERATURE

Regular physrcal activity alds in mamtaining a person s overall health'_ j
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_'-and well- -being and provrdes numerous physiologtcal and psycholOgrcal
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-_ benefrts. Numerous studies have shown that regular actlvity reduces many

e

 of the risk factors involved in early mortaltty and morbldlty, such as obesrty, _'
' :,stress, and hypertension, and 1mpr0ves many other facets of a person s life,
N N Howevcr,. adherence to regular physrcal exercise remains a constant problem
, - ior exercise professronalsr Thls review of literature examines the
physiologicai and psychological health benefits of exercrse, and mvestrgates .
the factors which mfluence adherence, such as exercise Intensity, attentional
-~ focus and external strmuli motivatron, and enjoyment o
Comprehenslvestudies by Blair and colleagues (5,6) sought to
~ determine the effect of regular physical fitness on all-cause mortality, There '
 were 10,224 men and 3,120 women, and 25,341 men and 7,080 women
respectively, who were involved In the two studies._ Full medical
examinations were administered AS well as a maximal exercise test using A
 treadmill, to determine fitness levels. After approximately 8 years of follow- .
up the researchers stated that the results “show a strong, graded and ' '
~ consistent lnverse relatlonship between physlcal fitness and mortality in men
and women” (p. -2401) Three mnln findings were demonstrated by the two
.studles* 1) moderately fit subjects had a lower incidence of mortallty than

subiects wiio had a low fitness level; 2) low fitness levels were found to be

41




,' ) flt sub]ects even wrth other heaith risk factors, such as smokmg and .
'- -' hypertension, had lower levels of mortality than iow fit subjects wnth no tisk

factors, From these fmdings the researchers recommended that low physmal )

-fitness levels should be treated as a risk factor for early mortaiity, and the:

y
_ _'_emphasizcd the important role that regular physical activity plays in overaii -' .
o health and wellness (5, 6) '

From thls epidemtoiogical evidence, public hcalth organizatrons at
iocai state, and nationai levels have worked together to develop a
. cooperative approach toward health promotion and disease prevention. The

U. S. Department of Health and Human Services (36) and the Surgeon

' Gencral (37) emphasize physical fitness and exercise as playmg an integral

role in achieving these public health goals. Heaithy_&_o_ple_zgoﬂ 37)
'promotes moderate leveis of exercise for the general popuiation, specifically

'for the positive health benefits of disease prevention through risk factor _
modrfication. These goais are recommended to get as many people active as
possible. Therefore, the approach must be to encourage exercise and activlty

. "programs which are adapted to individuals abilities, Interests, and goals,

' The American College of Sports Medicine (ACSM) (1) also supports the
move to moderate levels Of activity as the most recent guideiines state that
pubiic health efforts should be directed toward getting more people active

more of the time tather than elevating everyone to an arbitrary fitness or
' activity ievei” (p. 4). The Americati Heart Association (2) s another

professional health and exercise organizotion whlch sUpports moclerate

intensity exercise for the general pOpuiation.




There are many physnological changes which result from regular '.
"physmai activity Documented changes range from improvements in

'-_ventilatory capac1ty and muscular strength and endurance, to iosses in body

- , -fat (22) Exercise intensity is considered by the ACSM (1) to be the most

o ,important Component when designing a fitness program., Aerobic intensity

~ refers to the stress or strain imposed upon the cardiovascular system, and can [

be rneasured in units of oxygen consumed and heart beats per minute. This

imposed strain upon the cardiovascular system causes the body to positiveiy '
'. : -adapt and become a more efficient utilizer of oxygen and distributor of blood
?(19) ' ' '

' Aerobic activities use large muscle gioups continuousiy for 20 - 60

- _minutes at a level which elevate breathing and heart rate to cause the desired
training effect. VOz has been defined by McArdie, I(atch and Katch (26) As thc

‘amount of oxygen consumed by the body in a given amount of time as

_ 'measured through vent,iiation procedures. VOz reflects the body S ability to

| transport oxygen via the cardlorespiratory system to the working muscle cells
--Iwhich extract and utilize the oxygen for the production of energy in aorobic

' rnetabolismi Caloric expenditure (Keals) is a derivative of VO:2 in that It i3 the

amount of energy produced through the utilization of oxygen for the specinc

' purpose of creating adenosine triphosphate (26) Caioric expenditure, due to

requires the body to utilize stored energy
The energy stores, glycogen in the liver and lipids in adipose tissue, are
_ mobiiized to meet the increased energy demands. Continued use of these

energy stores through reguiar physicai activity causes them to be reduced.

This reduction results in a lower total body fat percentage (26). As obesity is a




_’risk factor for many chronic dlseases. and tends to exacerbate exnstmg |ilnesses

' and drseases. regular physrcal a tmty could help to controi or eliminate these o
. -"flheaith risks. It has been repeatedly found that regular physical exercise at }
| moderate intensrty levels induce physmlogical improvements. such as higher |
._ aerobic capacny. better glucose tolerance, improved lipid proflles, denser
B -bones. lower body fat, and increased muscular strength and endurance (1,2).
' Health benefrts associated with increased physical actwity Include reduced
.I rrsk for chromc diseases and eariy mortality, as well as an enhanced sense of
' -weii being (5,6,10). ' o
' Other physiological changes which rnanifest from physical actlv:ty
' -_include neurologicai or brain chemistry alterations. Martin and Dubbert's
; (25) re\uew t.ites these temporary changes as increases in beta endorphins and
- catechoiemmes after exercise. It has been proposed by various researchers
_that these hormonal changes may be linked to the aiieviations of anxiety and
_ depression often observed following exercise (25) '
In a unique approach to this intriguing question Harte and Eifert (20)
'_tested the affect of the environment and attentional focus on
- neuroendocrinal leveis. Ten male runners ran four times at the same pace
on separate days for 45 minutes. Four conditions were tested: outdoor .
running, Indoor treadmill running whiie iistening to outdoor sounds, indoor
' 'treadmill tunning while listenmg to one’s own internal breathing souncls.
and a control of sitting comfortabiy The researchers observed Increases in
- .adrenaline, noraclrenaline. and cortisol after each activity session. In addition
N to changes in hormone levels. the investigators sought to determine changes
in attentional focus during the four sessions and the effect upon perceived

exertion, mood changes. and en]oyrnent nf the exerciae. They found that




o __when sub]ects exercised outdoors their attentional focus sh1l’ted externally,

| 'while when indoors it shlfted to an 1nternal focus (20)

‘Harte and Elfert (20) proposed that a person S attentional focus may be

?m mdlcmor of thelr lndtvldual perception of the relattve ease Or dtfﬁculty of
the exermse As such those people with an internal focus would generally feel_

~ more fatigued at the sarne 1ntensrty leve! when compared to those wuh an

N external focus The subjects 1n their study were evaluated as bemg less

{ anxrous, depressed hostile, and fatlgued after running outdoorc as compared

' running indoors. The sub]ects reported that they enjoyed the outdoor run
.more than the indoor runs. Also, the indoor run with the specific 1nternal
- focus was en]oyed the least, with the ratmg of perceived effort reported as

bemg the hlghest durmg this session, The researchers attributed these

various changes not only to hormonal psychoneuroendocrinologtcul effects,

but also to envlronmental settings and the influence of external stlmult on

attentional focus. It was concluded th‘at ”vigorous exercise can have a

N ~ beneficial effect on mood, but the envlionment and settlng in Wl'll(.l'l it occurs.

and the attentlonal focus seem to exert a mediating effect”(p. 53)1
Psychological factors are part of the integratlve perception of exermse

‘and play a role in exerclse adherence. Specific observable psychological

changes have been shown to occur in numerous studies aftet regular phyaical _

activity, These changes include the allevlation of depresslon and anxlety, and

' improvement in self- efflcacy and self- -concept (1,2,10 22),
~ An 18 month study was conducted by Heinzelmann and Bagley
'(21) with 239 sedentary males aged from 45 to 59 years who were at risk for

'coronary heart disease, They particlpated in a supervlaed physlcal activlty
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. program for 1 hour three times a week. After 18 months, the sub]ects showed .
o 'positwe changes in their attitudes behavrors, and self- -image. Other '
.areas of thetr life were also affected, such as 1ncreased work performance,

- better stress management, greater endurance, weight loss, and a better feelmg

- overal] (21)

Kavussanu and McAuley (24) found that people who perforrned high

and moderate levels of physical activity tended to thmk more highly of
: themselves. A cross-sectional study was performed on 188 subject' Subjects

completed questionnaires which investigated physical activity and various

psychological climensions. Those regularly active were shown to be less

depressed and anxious, and have a greater sense of well being Also,. it was |
_*found that hrghly active indwiduals were more optlmistic, and higli~and
. moderately phys:cally active individuals had a better self- -image than low
_ active and inactive individuals. However, it was expressed by the authors
- _that optimists in general ray perform more health promoting actiwties than
B pessimists, and therefore ilie data needed to be interpreted with some '

precautions (24)

Even though these health facts and risk factors have been made

abundantly clear to the public via officlal agencles such as the Centers for

o Dlsease Control (CDC), the Surgeon General and the President 8 Council on
. Fitness and Exercise, as well as other health and fitness organizations,
approxlmately 60% of the p0pulation does not exercise on a regular basis
- (36,37), Martin and Dubbert (25) conducted a comprehensive summary on

available literature in the area of exerclse promotion in clinical settlngs. They o

found that approximateiy two-thlrds of the U.S. population does not exorclse




regularly, with a 51gniflcant port:on remaintng entirely sedentary [t was also

' emphasmed that those peOpie who do not adhere to exercise programs and

_temain 1nact1ve tend to be the people who would most benef:t from tl'te

'exermse program.. ' N _

: Dtshman (14) completed an overvrew of available adherence studles _
: and found s1m11ar trends in those people who dropped out. A framework
was constructed to create rohesron, highlight central points, and gwe
dlrectton for future lnvestigations. He found that 50% of new partimpants
tend to drop out of exercnse programs withm 6 months, however, those

. 1nd1viduals who remamed active in some sort of program beyond 6 months '
tended to be more active for the rest of their life. Factors assocrated with

_ droppmg out of a program include: work conflicts, facility inaccessibility, self
efficacy issues, nonen]oyment of exercise, poor family support and lack of

_ observable lmprovements, as well as a few others. '

. Disltman (15‘) supported his prevlous fmdmgs in an article published 4
years later. He emphasized the need for additional adherence approaches and
solutions to the growing problem of wldespread sedentarism and related '

. diseases throughout society. In this paper he discussed four theories to
-potentially aid In enhancing program adherence. These theoties incorporated
the numerous variables emphaslzed in other studies and congealed them
into the followlng four— main topics: health beliafs, reasoned' actlon, self-

" efflcacy, and self -esteem. He believed that through additional studies on
adherence and the use of existing models for adherence, that prot‘essionals
wlll better be able to motivate and encourage the general population to

temaln regularly active (15)




Through manrpulation of these observed variables, both mternal and

external exercrse compliance can be 1mproved This. highlights the need to

| develop 1ndiv1duallzed programmmg tailored Spec1f1o to the person as

o suggested by Heyward (22) The approach needs to take mto consrderatron all

of the behavior factors, as well as the establlshment of realistic short and long '

N term goals for the participant (22).

study by Wankel (39) indicated that when part:crpants believed thr,y
- were receivrng health beneftts and makmg personal gains with their exercrse
| routine,. they tended to remain with the program. Those subjects who
_remmned with the program indicated more enjoyment and highe levels of
'. socraltzation than those who dropped out. Exercise adherence is a oompler o
' problem which needs to be addressed ina comprehensrve manner. Not only
are health related factors lmportant, but additional external and 1nternal
factors as well. It was proposed by the researchers that observable gains
'elic1ted over the duration of an exeroise regimen, plus enjoyment of the B
' program In general because of the indtvidualrzed approach would enhance

the likellhood that a person remained with the program (39)

- Lack of adherence to exercise programs has been a topic of concern and
a focus for research over the past decade, specrfically in the areas of
psychology, sports psychology, and exercise physiology I-Iowever of all the
. research conducted, no single cause has been ldentifiecl nor has an optimal
retention program been developed One of the reasons, according to Marttn
Cand Dubbert (25) for the lack of a single heoretlcal model is the fact that }
specific ciefinltion for adherence has not been created, However, of all the

adherence studies performed common cleterminants of drop -out ot




adherence to programs have been observed. The categories involved:include

exercise intensity, perception, attentional focus, and enjoyment,
Traintng intensity is generally expressed as a percentage of an

individuals aerobic capac1ty Levels of 50 - 85% VO3 max, and 60 - 90% HR

' tnax have been found to induce aerobic improvements and are deemed
'appropriate for healthy, active adults (1 22). Even lower 1ntensity levels, such
as 40 - - 50% of the values has been shown to improve aerobic capacity and

reduce body fat percentages in sedentary 1ndiv1duals (1,37). An increase in

- "_aerobrc exercise rntensrty translates to a greater potential for p eople making

.posmve physrologlcal changes in thetr aerobtc capacrty and body composmon. -
Accordmg to a review of varrous exercise 1ntensrty and perceptron
) Studies by Drshman (16), only a small percentage of people exercise at a level
whlch promotes cardlovascular beneﬁts Conversely, drop out rates have
.- been shown to increase when intensrty levels Increase. He found that this
occurrence was often due to maccurate regulatron and perception of exercise
mtensrty by the partrcrpantst This fact seems ptoblemattc for professmnals
'mvolved in exercise prescrlptlon and can be potentlally diffrcult to correct.
Addrtional clinical stud1es have been recommended by the 1nvestigator
which speciﬁcally mvestigate common, dally activities that the general pubhc
performs, mostly at a low aerobrc level, such as walkmg, swrmrmng, and yard
~ work. Suggestrons were made by the author to examine other mdtcators of
. exerhon, such as breathlessness and hghtheadedness, as well as using various
- populattons, to include the 1nact1ve and diseased. In addltlon, he

recommends more studies whrch use self—selected exercise intensity so that




. - -
- l'.
'!-'IT = . “u
- - r—— P +

|
N
1’
K

\ .
3N
I

Wl
Lt
=.' .'-I

‘I.'.‘.'

A<

. ‘I': "'II

I",:- .

A4

) I‘."'

; .y I

FI' l I:I'
.rl":

.lI ¥
. EN
’
-

.. .I

1‘-'I .I
L|
|
II 1

'l
1" i
W
' [ ]
l:ll
"‘.
.",
.ﬂ
.
o
X
’i_
E.

i

]

- 1;..'__-.. i

L]
1
r'
F
l-"l'
n r
f
"
F o
1
1--‘
i
[ ]
|
...
Y
g
TE
L
i ¥
e 1
L
.
L
1Ir
f
L
i
¥
'
'l
g
]
L
r »
i..
i
o
1.
1
o
- 1
'
{
. -
.
i
4
L
L
s
L}
(.
i
- L}
F
Ll
[ ]
4
'
=1
]
-
i

A L
- & o -
- a= af. ...'1'" -

1 [ ‘""I"r"' s m NP
. 5l - B Lo r
ey L e e, S L

#
i uﬁ.i"._'.".":-

il
_—

o

- T W W il m
' -
willm

W ey AN e gt T -
- - ..-l-:h " i

Ll el
-,

-
-u-l_.,-n- Ry
ANy

g

| o W
oy -
-

; L R e, N
‘-ﬂ‘ﬂt"‘! "fl‘_F: r__“p.l-' i}
g

-
s et .
L gl

. ’ L .. R -
=0 .- L - R
- E it e F X T b LT CERE - N
' . ' .- h*_. [ ! - - T, -' . mta
[ N - i ‘: | —
b o [ - bl el - iy
, -
. g = . .

[] - *-'.- . _-:_1.., .
. —— I ; - -' SRR --__.ﬂ.n-—H.. .F--'q..u . .‘,—.:" o
-- -, e e *#'T."l cap ey gl - ..-d_t...';-.-.. ety W
- - T e - - - ey K . - o .

[ ]
- r.'-"i'.l_"i" . -

v
T -l-;:‘ g : -
:.——- - » o T " F -

b
-

- g
..
—— T J-

? - . - [l B
Tt LTI T P e B
i il —a . P g il g iy -

N better rnethods carn be developed whlch to promote regular, moderate activity

for the general populatlon (16)

It is important to realize that people tend to regularly exercise only to a

_' certain level of exertion, generally 11 -13 (fairly light to somewhat hald) on
the 20-point Borg (7) scale. When this normal exertlon level is exceeded then '
intensity level as discussed prevlously by Dishman (16) tends to be o
' precursor to program dropout It would therefore be beneflclal to develop a
-program or provide a means by which individuals could exerc1se 1ntensely
' wrthout feelmg they were workmg hard. Numerous studies have found that

_a higher level of work car be achieved when people are distracted durmg

exerciset
A'udio, 'visua’l and interactive extemal-s'tin‘\ulihave be’en used in

varlous studies to affect a person s attention and focus during exercise 50 that

they feel less fatigued during and after the bout of exercise. It is believed that

this phenomenon occurs due to a shrftmg of attentlon away from one 3

' _'1nternal focus to an external focus, thus altering the perception of the

experrence. BY prowding Peoplﬁ With programs 1nvolv1ng external stimuli to

distract participants from negative perceptions of exercise, then more health

'benefits may result, including higher aerobic capacity, decreases in body fat

' _en)oyment of the exerclse,' and thusmcreased comphance.

- Program adherence and improved fitness levels for their clients are the . :

goals for all exercise professionals and program developers. These goals can
be accomplished by reducmg the negative perceptron of exercise through both-

-_1nterna1 and external positive feedback and greater sensory interaction and

external distraction durmg exercise. The participants are then rnuc.h more




likely to stay with a program and remain physically actlve throughout their '
' llfetlme
2ion and Lxercise Adnerence _

Borg (8) has theorized that perceptron is the lntegratlon of several
aspects of an indlvldual which provide feedback about the exercise
eXperlence. Certain components can be manlpulated or added to a program
which affects people’s perception of exercise and how hard they believe they
are workmg Durmg exercise the part1c1pant has internal cues or messages
which reldy informatlon to higher brain centers on how hard or intense the
body is workmg during the exPerlence. The ratings of perceived exertion

(R PE) scale, developed by Borg { 7), is a very common assessment mstrumer\t
in both the laboratory and field settmg It is used to gauge, in a quantlflable
manner,_ the Sub]ective feelings of how hard a person IS exercising. RPE has

~ been defined by Borg (7) as a process which ”intogrates various information,

including the many signals elicited from the peripl1eral working muscles and

joints, from the central cardiovascular and rESpiratory functions, and from
the central nervous system” to describe how hard one feels they are working
(p. 377).

Since the development of the RPE scale, numerous validation studies
have been conducted using a variety of conditions, from differing workloads
and sdb;ects to various modes and durations of activity. Many researchers
have verified Borg's fmdmgs and have created applications for clinical and
field use (17,18,29,30), while others have validated the scale using other
modes and subject groups (33,35), Skinner, Hutsler, Bergsteinova, and
Buskirk (33) performed a validity and reliability study using eight lean and

eight obese men. The subjects exercised on a cycle ergometer in two sets of
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trials with differing workload progressions but to the same overal! workload
No signif:cant differences were found between the trials or subjects, thereforo

~the RPE scale was considered both valid and reltable (33)

Robertson and colleagues (32) 1nvestigated the lnfluences of Cross- '

modal exercise on RPE. Eight male subjects exercised at constant loads for 12

minutes at an intensity which achieved 70% VO2max as measured through a -

_ ventllatory process The subjects performed on a treadmill, cycle ergometer,

and bench steps using hand welghts. The exertions were hlgher with the

cycle and steppmg as compared to the treadmlll however the mvesttgators

point out that exercising at this absolute value would definitely be of greater

~ work since smaller muscle mass was utllized to perform the same amount of

~work. When the RPE’s were ad]usted for relattve VO2 there were no

significant dlfferences between modes. It was concluded that RPE was valtd

- for use in a variety of exercise modes as long as relative VOz was used for

exercise prescnptlon (32).

‘Studies have repeatedly demonstmted the link between personal

perception and levels of physical activity, and the self-regulation of
exercise. RPE is often used in a nonlaboratory setting to self-regulate one’s
exercise intensity level, generally in a fitness center or phase III cardiac
rehabilitation program. The ACSM (1) and cardiac population studies by
Chow and Wilmore (12) recommend using RPE to regulate exercise intensity.,
Ceci and Hassmen (11) conducted a study involving the self-regulation
of three exercise RPE levels using both the treadmill and outdoor track.
Eleven males were asked to replicate an RPE of 11, 13, and 15 both on a
treadmill and outdoor track while measuring velocily, heart rate, and lactic

acid levels. The researchers found good consistency between and within




sessions of the same exercise mode, however the outdoor physiologxcal
| 'varlables were higher than the treadmill even though the RPE levels were
the same._ [t was concluded that some factor of outdoor exercise, such as a
shifting of mternal focus to external focus, contrlbuted to the subjects

' performmg a greater amount of physical exercise while feelmg that they
worked at the same intensity level,

A study by Bayles and assoclates (3) exammed the effect of a perceptua!

reinforcement program in regulatmg exercise intenslty using the RPE scale.

' Thirty men rephcated exercise Intensities of low (40% VO2max), moderate (60"0
VOzmax), and high (80% Vozmax) mtensltles, twice on a treadmill and twice on

an mdoor track. Three groups were demgnated practlce with feedback
practlce wnthout feedback, and control. As expected, those subjects receiving
~ constant reinforcement of perceptual regulatlon were better able to rephcate

' the 1nten51ty levels. It was found by the researchers that all of the sub]ects
worked harder on the track compared to the treadmill while mamtammg the
same RPE level. This observation may show the influence of increased

‘external st1lmulat1on on percexved effort (3).

Perception has been expressed by Borg (7) as being derived by the

individual from numerous cues throughout thebody. These cues originate
from many sources,' such as joint proprioceptors, muscle motor units,
baroreceptors, and blood pH detectors, as well as other physiological gauges.
The signals interact with one another and are organized by the brain,
Additiortal variables intluence the configuration of these signals and include:
past exercise performance, mood, emotional disposition, and goals, Once
organized in the higher brain centers, these signals culminate into a single

perception, or ‘Gestalt’, of how hard one is working (7). However, this
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perception is transient, not only from one exercise session to another but
from moment to moment ]ohnson and Siegel (23) have highlighted the

relationship between perception and how it is affected by these various

- signals and and other stimuli,

QCUg, BEXle .I: _.l . ANC 16
Johnson and Slegel (23) studied the effects of an active attentional focus

(performing arithmetic problems), a passive attentional focus (listenlng to

- music), and a control (no stimulus) on a group of 26 female subjects while

they exercised on a cycle ergometer for 5 minutes at 60 and 90% of their
maximal VO2. A personal activity questionnaire (PAQ) and RPE scores were
collected during the study It was found that at a higher work load the active
intervention produced lower ratings of perceived exertion than either the
music or no stimuli. A trend was also observed in that both the active and

passive foci groups’ RPE were less than the control group, mdicating that any

stimulus in general works to alter perception of exercise. It was concluded by

the researchers that a more active stimulus results in less perceived exertion

than with a less active stimulus. The researchers recommend that future

studies be conducted for a longer exercise duration while measured with a

test that is more sensitive to fatigue factors (23).

A study by Wrisberg and Pein (40) investigated the effect of previous
running experience on individual attentional focus. Forty-nine men and 38
women were experienced runners and 6 men and 34 women were
inexperienced runners who were given an attentional focus questionnaire.
The results of the questionnaire reported that women in general dissociated
more while running, and that experienced runners in general dissociated

more while running. It was suggested by the investigators that since




- experienced runners dissociate more than inexperienced runners, they are
then better able to block out negative bodily cues during their exercise '
 sessions (40). ' o '
A number of studies have Investigated the effects of introducing a
~ stimulus into the exercise environment tb serve as a diversionary soutrce in
“order to make exercise less tedious and/or more enjoyable. The perceptual
configuration of internal cues can be altered by external information (11). Itis
believed thé:t there is a limited capacity to the amount of attentional focus, '
“and that when certain actions demand more attention, there is a shifting of
attention away from internal sensations resulti'ng in a lower perception of
effort, External stimull influences attention by adding to alllof the messages
-Within the brain, however some contribute less of an influence, while others

“produce more,

- A study by Pennebaker and Lightner (31) compared the effects that

external stimuli, both visual and auditory, had on reducing the feelings of

. exertion and fatigue while exercising. Théy found a significant decrease in

~ self-reported fatigue levels when subjects ran at a self-selected pace on a
tfeadniill while listénmg to external sounds, as opposed to when they
listened cjnly to their own internal breathing. Additionally, a second study
was performed in which subjects ran 1800 m at a self-selected pace on both the
treadmill and a cross-country course. No significant differences were reported .
in RPE levels, however the times for the cros¢-country course was 51 seconds
less than times on the track. The researchers postulated that “subjects were
focusing on external factors to a higher degree” ... and thus, “their processing

of internal sensations were restricted (p. 171). It was theorized that the




Introduction of an external focus, such as running outdoors, reduced the

. awareness 'of'lntern"al sensatiOns and cues whlch detect fatlgue'(Sl)

An unpublished study by Viteri (38) tested the Influences of television
' viewlng on subjerts whiie they exercised. Twelve volunteer female subjects

- were apparently healthy and regularly active, They performed two separate
30 minute exercise sessions at their own pace using a cycle ergometer with I

' kp resistance, once while watching television, and once without televis sion.

~ Perceived mtensittes of exertion, feeling scales RPE and I-IR were collected
No sigmficant differences were observed betwecn the two conditions for
feeling scales, RPE and HR However, subjects chose to exercise at a
51gn1l'1cantly lower pace while watching televismn than while exerCiSingin a
sterile environmentt These findings are in contrast to the findings of

' Pennebaker and Lightner (31). The researcher emphasizes that boredom 18 a

. factor in the lack ofadherence which tends to negatively a_ffect future physical .
activity, The subjects who exercised in a sterile enVironment were self-
reported as bored, which may have prompted more short-term work.
However, it was expressed by the researcher that the use of television may
enbance | ong term adherence to an exercise program.

A study by Boutcher and Trenske (9) supports the findings of
Pennebas:er and Lightner, as they examined the role that music plays on
perception of effort during exercise. Twenty-four women exercised on a cycle '
ergometer during three separate 18 minute conditions at light (60% work '
capacity), moderate (75%), and heavy (85%) workloads for 6 minutes each.
The three conditions included a control, visual and auditory deprivation, and
self-selected music. It was found that there was a significantly lower RPE for

the music condition than the deprivation condition at all intensity levels.




Also, there wasa stgmftcantly lower RPE for the music conditlon than the
t.ontrol condition at a rnoderate Intensity level, The subjects reported feeling
better durmg the music session at moderate and high level of exercise
compared to the deprivatton condition, This study highhghts the importance
N of external stimuh on perceptton of effort and and the feeling of en]oyment
' during exercise (9).
WMEE
Exercise enjoyment influences all aspects of the perceptton of exert:tse
_and actwity, from intensity level and motivatton to self-selected pace and
| '_ adherence The more a person enjoys an activnty, the less they perceive the
effort as being too demandmg or vigorous. They receive rewards, such as
success and pleaeure which counterbalance the feelings of exertion or fatigue.
The two major categories into which many of the adherence factors fal'l are
motivation and exercise enjoyment Exercise enjoyment is one of the
primary determinants in long-term regular physmal activity parttmpatton
(16, 34). Exercise enjoyment is a blend of what the program provides in
terms of benefits and perks to the clients and what the participant believes

s enjoyable.

A study by Mertesdorfl (28) involved six male subjects who performed

six different exercise sessions using a Schwinn Air-Dyne. There were three
conditions involving music while pedaling at two different cadences of 65
and 70 rpm, For each cadence (65 or 70 rpm), the subject exercised first with a
simple cadence rhythm, then in time with a musical tempo, and last in time
with a musical tempo which increased or decreased based upon the speed of
the cycle. It was found that subjects preferred the movement controlled

ternpo when compared to the simple rhythm device. There were no
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differences between the feelmgs of exertion for all of the conditlons. The

lmportanl polnt was that en]oyment of the exercise at either cadence was

highest when subjects could control the tempo and had a gieater variety of

- music from which to listen.. Since exercise enjoyment is an indicator for '

'continuecl program compllance, then providing such configurations in music

may aid in reducing attrition levels.

| hflsztbcatlon_and_ﬁmmise_a_dlmsnce

Motivatlon serves as a general grOUping term for many of the
-aclherence varlables, and can be highllghted as one of the primary
determinants in retaining individuals in an exercise program. [t is
paramount that professionals encourage and motlvate therr clients through a
variety of means 5o that a higher retentron rate can be realized It is only

through regular, continuous exercise and daily activity that people will gain

the necessary health benefits (1 (1).

Each person is unique, with the aspects within motivation ranked

differently, According to McAuley (27) not only are these aspects different for
each person, but they can even change many times throughout one’s life. An
Individual’s perception of exercise, benefits, outcomes, and specifically of self
is crucial. Since this perception is slightly different for each person and can
change based on other influencing factors it illustrates the need for
individualized programs. Martin and Dubbert (25} found that an individual’s
self- perception and attitude plays a large part in program compliance, as many
adherence aspects are related to an individual’s attitude, such as personality,
self-concept, and other personal thoughts, Motivation, from within or
without, significantly affects retention levels in an exercise program, They

also found that achievement of personal goals while in a program helps to




o rnaintain the cohesiveness of the various physical and psychological

improvements obtained in the program (25)

- A personalized approach is also recommended by other professuonnls
- (13,14 22) by using programs which best suit clients needs The exercise '
specialist achieves -these results by 1nfluencing modifiable factors, such as
'exerc1se intensity, attentional focus, external stimuli, and enjoyment. Biddle
and Smith ( ) highlight specific external and internal factors which influence '
exercise adoption, External factors mciude soctal support, from farmly
members and fnends, the convenience of the fac111t}nr adequate supervision,
and income level of the participants, while internal factors range from
anxiety and depression to goal achievement and type-A behawor Biddle and

Smith (4) recommend using programs which involve both _internai and

=g

external factors, such as establishing realistic goals, providing verbal
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- encouragement, prescribing a low to moderate intensity exercise program,
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' ‘and making the entire experience enjoyable for the client. By following this

ey —

approach of 1ncorporat1ng both internal and external factors in a program,

-
i ‘-.l.-'l.-.___,‘

then participants will be more likely to remain.

- i A T -, _l-_:
e e A

Wankel (39) compared the type of program, and personal and social
factors involved in continuing participants and drop-out participants of a
male employee fitness program. The most important reason for beginning
the program was to gain health-related benefits. The investigator found that
continuous participants achieved more personal goals, had more support
from family and friends, felt better after exercise, and developed more social
interactions than drop-outs. This illustrates the multifaceted nature of
adherence and the many factors which contributed to keeping a person

within an exercise program. This study provided greater insight into the
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reasons why a person stays witlt a program. The investigatms suggest

programs be developed whtch work to meet these individual needs (39)

S “m m‘ a-q: |

By maintaming an exercise regimen participants are more likely to

- obtain positive physiologlcal and psychological benefrts. This creates a caecade-

of benefits which support exercise adherence. ‘Adherence is a rnultifacetcd

challenge faced by all professionals in the fields of heaith exerc1se, and fttness. -

It will continue to be an area which requires constant innovatlont By

' engagmg the partic1pants in as many posrttve ways as possrble, through

mtegration oi the various adherence factors, the outcome for continued

regular physical actiwty durtng a lifettme is promising.
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