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Thirty male voluntem (18 35 yrs)pitrticipated in three laboratory sessions to
detormine test-remstmhbﬁity and ddteﬂon Midity\of the Ba}timore Therapeuﬁc
Equipment Wark Simulator (BTE). Fouowing & prelintinary session durisfg which peak‘

- oxygen consmnption was measured using arm ergometry; the snbjects performed three

repetinve. upper extremity criterion tasks which were subJectively classified by thieg -
expenenccd physical work evaluators as light (CL), medium (CM), and heavy (CH)
~ Kvels of i mgensxty and then three correspondmg snmrlated tasks (SL SM, SH). The
 criterion tasks and the slmulato(f tasks were performed in the second and third sessions
for five miinutes each until steady state was obtamed Oxygcn consumption (V 02) and
heart mto;(l-[lﬂ) were momtored contmuously The Ratmg of Percexved Excmon (RPE)
was obmined atibhe end of esich criterion task. :
Correlandns between trials of the same task for VO2 rangod from r=0.74-

0.87. and for m. o«aO 59- 0 78. These were s1gmﬁcant and md1cated test-retest
rehablhty Poét‘ oc examination of the analysis of vanance of the mean values of these .
revealed no sxgmﬁcant dlfferenoes between mals for both these Variables. '

‘ All cntenon-sxmulatod correlations wero significant. CL-SL correlations for

, V02 werc r=0. 81 and 0.83; forHR r =0.88 and 0.95, imdicating high criterion

validity at light work intensity. CM-SM correlations for VO were #= 0.56 and 0.52;
forHR r = 0. 91'and 0.92, The lower VOz correianons may be related to the nature of -

the task which was above the shouldcr level. CH-SH correlauons for VOz ‘were

- r=0.68 and 0.75; for HR r = 0.91 and 0.90. VO3 valies were significantly -

different between light, medium and heavy work intensities except for SM and SH.

: Cntenon-sxmulatod post hoc. compansons for VO revealed a lack of similarity between
_ ‘CH SH. It appears that the subjects underesnmated the amount of resistance requlred
~on the BTE to snnulate the heavy criterion tasks, Slrmlar comparisons for HR revealed a

lack of Similarity between both CM - SM and CH - SH. Cauuon 1s urged in making -
~ judgments about the suchcts abilities to do "real" work at medxum and heavy mtensmes

* ‘based on test results from the BTE. =, .
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- Introductron s | 3 o R ‘ g

, Growmg numbers of drsabled mdrvrduals reqmre appropnate assessment

) .treatm and placement in the. ‘work force Staustrcs Canada ( 1983) hag pomted out that”
‘ "whrle anada's populatton is among the youngest in the mdustnahzed nauons, the trend _

s toward an mcreasmg number of older people, wrth apredrcted mcrease of 3% inthe - -

. : v-.»'worllnng age populatton ( 15 64 years) between 1976 and ,2001 Along th the hrgher

o proporuon of people reaching old age, more people wrll iy _ectetl by 'the types of
g _' dlsabrlmes which Cause long-term problems In order of prevalence these are: arthrms o
= p: d rheumatrsm drsorders of back, limbs and j Jomts hay fever and other allergies, ‘skin | . |
” es and skm drsorders and dental trouble Nearly. half a mrllion Canadrans‘@% of
E - f e ;pulauon) "are $O. severely dtsabled‘that they cannot carry outa maJor acuvrty such -
= A'as work attendmg school or housework Of those, over 300,000 are from 51064
: }V : years old" .. 12) Shephard ( 1987a) has concluded that by the age of 65 years, 25%
- of the labour force will fall substanually below the supposed populauon averageon
physrologrcal test scores due to chromc disease. The cost of. lost producnvrty both to
: ;«,these people in their 1nd1v1dua1 lives and to’ socrety asa whole is srgmﬁcant and the co\b
& «of provrdmg ﬁnancral support wrll fall on msurance compames and taxpayers '
. ‘These drsabled people wrll requu'e a vanety of health servrces whrch must be
-'provrded out of limited: health care resources Itis essentral that these resources be uscd
‘ ':effictently and effectlvely Occupauonal therapy has a umque contnbuuon to ‘make in -
B : _lmkrng medtcal semces and the world of work (Brmtnell & Harvey-Krefung, 1986)
- One. of the unportant roles of occupauonal thaeraprsts is assessmg the abrhty of mjured or
i drsablﬁi mdmduals to return to the work force (Bear-Lehman & McCormrck 198
' .Harvey-Kreftmg, 1985 Marshall 1985a, 1985b). The occupauonal theraprst uses :
: framework whrch recognlzes the 1nd1v1dua1’s complex nature and hrs or’ her mteractron '
8 wrth the envnonment One model of th1s process used by many occupauonal theraplsts |
|'is the Model of Occupauonal Performance (Health and Welfare Canada, 1983) It
. outlmes the mtegrated components whtch comprrSe the mdrvrdual (spmtual physrcal
socrocultural and mental) and hrs or her areas of occupatronal performance in leisure,

=0} .
Ny .



¢ rodiic ttwty relattonships set m the context ofa socml. cul'i al. j’
Physwal envm)nment. AL AT R
, By mvolvmg the d’isabled workex) in geueral actwmes, the theraplst is able to
”_{ observe basrc physical mental and somal&kﬂls as well' as work habits necessary for the
, performance of any type of job and to detertmne such thmgs as manual: skills, Jdextenty,
- reasoning and Judgment, abthty to share tools and eqmpment, punctualxty and safety
K a,wareness, In specrahzed work evaluatlon settmgs, standardlzed tests and work samples .
may be used, attd on-s1te job analysis, work stmulauons and sxtuauonal assessments B
may be done (Brintnell & Harvey-Kreftmg, 1986) Most of these assessments require
-the 'theraplst to rely on subjectlve Judgment w1th observauons of obJecttve behawor in
T poorly standardized situations, _ i s
Occupauonal therap)sts and others mterested in work evaluauon 1n rehabxhtanon
- settmgs frequently use s1mulated work in order to evaluate physxcal performance on
specific tasks (Beauchamp, Crerghton & Summers, 1984 Bettencourt, Carlstrom, - ,/
- Btown, Lmdau, & Long, 1986 Birman & Zohman 1971; Caruso & Chan 1986; /
~ Caruso, Chan, & Chan, 1987;  Licter, Hewson, Radke, & Blum, 1984;  Mathesonys
B ‘ Ogden, Vlolette, & Schultz 1985: thke & Sheldahl 1985) Work simulation pt‘ovrdes '
G ‘an opportumty to observe the worker performmg specrﬁcally de81gn’ated tasks. mvolvm g |
both mental and phySICal processes Such srmulauons are useful for both. evaluauon and L
‘ therapy to allow the retrainin g of specific movements, to unprove speed an’d accuracy
o and to establish endurance, however they lack many of the basic attnb s which
~ would allow the estabhshment of predJctlve vahdlty, such as repeatab' ty and mter-rater
' reliability. ‘ , 3 : e o
R Recently occupauonal theraplsts have begun to consrder ysiological measures'»
~ such as oxygen consumpnon (VOz), heart rate (HR) blood pr ssure, and percerved o
. . exertion scales, in conJunctron ‘with work srmulatlon in order fo improve objectmty |
- While thisis a major step towards screntrfic rigor, the task zénulanons havq strll-not
' .-,been standardized (Beauchamps etal, 1984 Shanfield, 1984; Wilke and Sheldahl,
- ,1085) Whlle 51mulat10ns are useful to test the 1nd1v1dual's abrlmes to ;&erform varied -

/,



ey hasrzed mstudxes compaﬁng,_arm and leg ergomeuy, and the many dtfferenccs |
o | bctween work whlch pnmanly mvolves etthcr the*arms or the legs Tl'us is dealt w1th in -
_ moredeml:nChapterII. = : . N

| ~ Valid and reltable measurement lnstruments are a requxrement of scxennﬁcally
based professxonal pracuce (HOpE'm—??iSmrth f983 Nottrodt & Celentano, 1984
Snuth Cunmngham & Wemberg, 1986) ObJecuve, reproducrble methods must be used
- in assessment wherever possible. Yet chmc:ans face a senous dtlemma in the field of P
- .work evaluation: althoug,h there are numenous tests. and countless possrble ways of -

S »srmulatmg work, very few'pf these meet the cntena for scxenuﬁc rigor and unhty whxch
v ‘,ls required in measurement tools As outlined by: Law (1987), asmgnment ofa

; quanuﬁable value to an attnbute or chamctensnc penmts a mathemaucal cvaluauon of
- these attnbutes ina standard manner and facxhtates the companson ofmdm uals. Yet

the careful standardization which is necessary to achieve rehable quanuﬁable va]ues is -

A _lackmg Instruments must be sought out whxch can sxmphfy 's‘brocessi .Tools wh1ch

One devrce whlch has the potenual to prov1de objecuve, quanuﬁable data is the
' Balumore Therapeutlc W rk Stmulater"M (BTE) It 1s a commercxally produced dewce
- which has been "de31gn to prov1de for 8pec1ﬁc repetmve upper hmb motlons agamst
' measurable res1stances OV a measurable penod of nme" (Curus Clark & Snyder

- ‘1984 P. 905) The mstrument sunulates a w1de vanety of movements in drfferent T .

' planes with dlﬁbrent attachments There are two primary components. a controlled
resxstance assethbly w1th seventeen Wttachments and multlple posmons, an icro-
‘ processor wlnch allows the selecuon of the de81red res1stance level and mo Ors

) performance Wor\'k is recorded 1n mch—pounds and exercrse time is- measured

B ¥ .
s

1 Mrtchell( 1979) descnbes rehabxhty as follows "A r‘bdtable mstrument is onethh small errors of

- -measurement, one that shows stability, consistency, and:dependability of scores for individuals on the -
- trait, characteristic or behavior being assessed” (p.-136): "Test-retest relmbnllty is the degree to vyhrch

. - Scores.are stable or’ consistent over time", (Currier, 1984, p. 161)

2 Vahdnty represents the degree to wl'uch the i msuument measures the mtended charactensnc not el
. another related characteristic” (Law, 1987, P. 136.). More specifically, criterion; validity is the degree to -
" which.the easurements obtained by the instrument agree with another more accurate measure of the
same chara tensttc that is, a crltenon or gold standard measure (Qlunnally, 1978 ) R e

2,



can- be measured and dynamic exu‘cise can be graduated. 'lheoretically, by
semng up tasks which sxmulate the "real® world. functional disability. can’be evaluated

. {and the client can be assessed and trainéd for entry to the work world,

~ Physical work has been classified according to its: intensity 0 make it easrer to

describe and to facilitate the fit between the worker and the job. One system farmli to
occupanonal theraplsts is that used by th Canadxan Class1ficanon and Dictionary o;x
Occupauons (J986) whxch dmdes wor mto five categories (sedentary, light, medmm,
heavy, and very heavy) accordmg to the st:rength requlred for lifting, carrymg, pulhng
and pushmg More detall on this and other systems is'given in the "Operauonal

' Deﬂmuqats" sectlon later in thts chaptenand in Chapter II

. - 'The Problem \,‘

Occupatxo.nal theraprsts are i creasmgly recogmzmg the importance of the use of
standardlzed measurements in their hmcal practice (Law, 1987). ‘However, at the
present time, there aré few measurement tools in the field of physmal work assessment

: _and work sunulatlon whlch have be *n shown to meet the spientific criteria of reliability

- and validity. Theraptsts are forced t create work simulations in order to judge the

~ client's abthtles OF {0 use unproven test batteries. Whtle theseqre. useful in prov1d1ng
subjecnve information and may have good face validity, more scxennfically evaluated
tools are required. Only wnh a solid foundanon of reliable and valid measurement tools

‘can theraplsts begin to research the most effective and efﬁcrent treatment techmques and

~ attempt to successfully predmt which workers can safely handle real work tasks. The

BTE has the potential to be such a tool.

| Ratio'nale and Objecti\y) of the Study'
B ! N ‘ . . .
Many rehablhtauon programs are utilizing the BTE" for both tes,tmg and | treatmen

- (Baxter & Fned, 1984 Bear-Lehman & McCorrmck 1985; Berlin & Vermette, 1985;

L Blair, McCormlck Bear-Lehman Fess, & Rader, 1987 Curtis &Engahtcheff 1981;

Curtls et al., %) desplte 1ts hlghmmal cost (approxunately $35,000). However, its
rehablhty and vahdrty have not yet been estabhshed The hrmted amount of research

ced )
¥

3 As the: quantmes of power produced are small this unit was mvented as more appropnate to the
* . human hand. One Engal equals the effort reqmred to move a load of one inch-pound one degree inone -
S second (0 00197 watts) ’



C companson. In order to make compansons, other

_; cheff, wBerlin»and:Vetmette.‘ 1985; Wol, Klein‘and] well-Klein
. 1987) Therefore reseasch to.test the assumptions belng made about the BTE's testf
| 'retest reliabxhty and critetion validity was needed.
. The BTE provxdes useful objecuve data ( or?whm;me and power), however
“the same variables are not easily obtamable on 't tasks or the purposes of
. i b_,;v;and valid measures were
 required which could be obtained in both the real and Stmulated tasks. Physiological
measurements such as heart rate (HR) and oxygen consumption v 02), both of. Whlch
 have established rehablhty and validity (Astrand & Rodahl, 1986, PP 491, 493), can be -
'. generated under both conditions pmwdmg—an 1nd1rect method of compa?nson If the
, ’-:?ﬁihulauon on the- BTE is accurate, these two sets of meag_arements should be qmte
- similar and therefore, htghly correlated : SRR
~ The obJecuves of the study were therefore to determme the test-retest rehab1hty
* and criterion validityof the BTE in sxmulaung repetitive task$ at three levels of work
“intensity (hght, medium, and heavy) The followmg research quesgons were posed
1) Werethe measuremerits of, VOz and HR obraitled i e participants
- performed criterion tasks reliable at each of the{'_ "f";_f"fam\&nmues of work?
2)  Werethe measuremen f VO2 and HR obtained whilé participants
) ' performed simulated t liable at each of the three mtensmes of
R work? : . - : '

3) Was there a close correspondence, demonstraung vali 'ty, t;etween the
measurements of VO2 and HR that were obtained on the simulated tasks .
with the BTE, and those obtalned on the cntenon tasks at each of the

" three levels of work? _ ' _ :

4) . Whatwas the telatxonshlp between work i mtens1ty as measured by the

- RPE, and level of work during the cntenon tasks" )

v,Operatlonal beﬁmtlons :

.WorkSlmulatlon N
"~ An amfictal task set up to mimic as closely as possxble for the purposes of
evaluanon or trgining the phys1ca1 attributes’ and demands of atask perfonned ina
- producuve work setting. The work simulation may be performed ina vanety of-
- occupauonal settmgs and wnh a vanety of tools, e qmpment and supphes
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' Criterion task- S IR SN

o

. .Anactivity performed by the subject in a standardized manner using weights - g

and/or objects from the work environment. -

Simulated task S | o :

- Anactivity performed on the BTE by the subject in a standirdized granner
controlling resistance and direction of movemeht in order to imitate as closely as |
/possible ‘the physicél attributes and démand of a criterion task as judged by an expert -

~ Canadian Classification and Dictionary of Occupations (CCDO) :

- This dictionary and classification system contains.’.listinggof over 7,000
Canadian job titles with their assoeiated task descriptions, worker functions, physical
acﬁvit'ies,'envimnmer)\tal _condiﬁons,.'general educa_.tionél dcveiopment, specific
v_ocatiorial preparation, aptitudes, interests and tcmpgramen':tsrin’\rqlved or required

- (CCDO, 1986).v The counterpart _c)f the CCDO in the United States of America is the
Dictionary of Occupational Titles (DOT). Further information is given in Chapter II.
, , . .

L)

Categories of Work . ' - &
. The three categories of work used in thi‘s' study as defined f the CCDO (1986)
Cwerer R A o

~ LightWork (L) R T S
- Lifting 20 Ibs. maximum and occasionally lifting and/6r carrying of objects” -
weighing up to 10 lbs. Even though the weight may:be only a negligible -~
amount, an occupation is in this category (a) when it requires walkingor .. .
standing to significant degree, or (b) when it involves sitting most of the time - B
: ,Zith A degree of pushing and pulling of arm and/or leg controls™ R '
~Medium Work M) . = o SR S
,Lifting 50 lbs. maximum with frequent lifting and/or carrying of objects .
. weighing up to 20 lbs. Consideration of (b) under "light work" may apply here.
~Heavy Work (H) - o S o v
- - Lifting 100 Ibs. maximum with frequent lifting and/or carrying of objects
weighing up to 50 1bs. ’ ,
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," EXPel'tJUdge o | ) o '

the oxygen uptake eutresponds to the demq,hds of the nssues and 10 lactate '
. accumulames in thg body Thrs state is generally achieved after two to thme minutes of
. co:mnuous work during which the oxygen transpomng system adjusts to the work load
‘(Astrand & Rodahl, 1986 p 299) Hrgher intensities may reqmre somewhat longer

.Oxygen consumptlon (VOz) o o

- Oxygen consumpnon in liters per minute measured durmg the last 60 seconds‘Sf '

performmg a cntenon or sxmulated task under steady state condmons
o ,

U' Peak oxygen Uptake (pVOz)

H1ghest rate of oxygen uptake obServed durmg arm exercrse, measured in liters

per minute,

) | L3
Heart Rat¢ (HR) ,
Heart rate ‘measured in beats per minute (bpm) during the last 30 seconds of
pexformmg a criterion or s1mulated task under steady state conditions.
N _
Ratmg of. Percexved Exertlon (RPE)
‘ A subJectwe estimate of the degree of physxcal strain as mdrcated on the 15-pomt
interval scale devised by Borg £1982) (See Appendlx A) Further detarls are in Chapter

)

t‘x\*

’ Resnstance Level Selected on the BTE (EX. LEVEL) -

The numencal level set on the BTE console which deterrmnes the amount of

resmtance on the tool These are ordinal units.

A professronal who has w0rked in the ﬁeld of work evaluauon for 2 minimum

of two years.



Cr SRR I R A A i
G e T '

*. : LITERATURE REVIEW
‘ . The hterature was revxewed to examine ways in which the physxcal work ‘
-..capacity of the- mdlvidual has been évaluated in vocational évaluation settings. Types of
evaluation can be divided into work sxmulatxons and commercial vocational evaluation
. systems. The use of physiological measurements such as VO3 and HR is discussed, as
well as psychophysmal methodology, such as the RPE scale. Work class:ficauon
systems which describe the workload rather than the work capacity are reviewed and the ,
| mponance of the appropriate use of arm ergomeh'y is dxscussed

Work Slmulatlon in Rehabllltatlon Settmgs

P4

Genera! work simulation is often used in treatment programs as part of larger
programs dealing with clients or patients "and their rehablhtanon Sometimes it is -
- focused on particular disability groups with more detailed and sophisticated apphcauon
The latter kind of work smulauon is often used with cardiac patients.
Birman and Zohman (1971) described'a work simulation program used in
< assessing the readiness of coronary patients to return to their fegulax jobs. Following an
assessment of the patient's job "a 'mock’ job i in the hospital was an'anged‘\o simulate
the physwal requlrements emononal stresses, environmental conditions, and personnel |
relationships of the patlent s former job" (p 148). Various parts of the hospital were
used and when it was not posslble to simulate some jobs (such as clothing salesman), at
least the physical parts of the job were simulated. Electrocardmglaphlc recordings were
momtored closely. Work hours were progressively increased and ‘monitoring was
_tapered off to accustom patients to working withgut the reassurance of constant medu;al
supervision. The program was deemed to be mor® meaningful than the previous test (the
Master's Test) for identifying those who could safely return to work and those who
- . could not. The ’antho;s commented on some of the problems inherent in this type of
- simulation: the simulations were not exact duplications of the real job; routine hospital
" wotk was interrupted; and the job monitoring was expensive in terms of pepsonnel and
. equipment. However, some of the benefits of the simulations were: the in¢reased E
informatiom about spec1ﬁc patients domg specific JObS, the opportunity to evaluate and
moduy JObS by their component parts and the potentlal for avoiding industrial &mdents ,

0



 : wmxld again be able' t work.- undpmood the basi: for the physician 8 reeommeqdadons |

s Guler, patients felt ey

andmoremdilywtnpliedmm them.

A specific example of a cardiac work simulaﬂon was reported by Beauchamp qt :
al (1984) They described their Monieomd Task Evaluation program and its applicauon
m the case of an elevator mechanic with a cardiac condition. A detailed job evaluation

', mcludmg an on-site visit to.an elevator repair shop was performed-and the data gathered

y Was analyzed with particular reference to the tasks wluch had particular risks for a

N

; cardxac patient. Two critical job requirements were simulated: stair chmbmg and

; electnéal wiring at high and low levels As the other routine job requirements appeared

to be w1thm his safe activity level as demonstratcd during his convalescence and graded
exercise test they were not Ssimulated. Blood Ppressure, HR and ECG findings were

‘ recorded at regular intervals while the patient performed the simulated tasks. The wirirtg

simulation consisted of working on a hand dexterity test board placed on a low shelf
and later on a hxgh shclf Stair climbing was performied on a set of training stairs with

. the patient wearing his own equipment belt and carrying a two pound weight to simulate

bthekvexght of the wallae-tallqe that he wouid mxmally carry. The ev‘aluauon n:vealed '

that the wiring tasks were within safe lmnts fm patient but he was symptomanc and
exceeded his safe limits on stair climbing. Specxﬁé recommendanons were developed
for the patient and he was able to return to work full-ume by pacing himself and
avoiding unnecessary stair climbing, i -

In a similar case study, Wilke & Sheldahl (1985) outhned a simulated work test

o

" of a cardiac patient incorporating job analysis, graded dynamic cxercxse testing and

simulated work testing. The graded dynamic exercise test alone was not deemed to
provide sufficient information to determine employablhty as it evaluated response to

. dynamic leg effort and the patient's job required considerable upper extremity work

(weight lifting and carrying). These are hlgh risk factors for cardiac patients. As in the
evaluation by Beauchamp et al. (1984), only the most physxcally demanding component

- of the patient's job was simulated - the unloadlng of building matenals from delivery

trucks. The weight but notthe size of the ObjeCfS actually lifted on the job was.
s1mu1atcd. The test protocol required the patient to lift progresswely heavxcr boxes of |
13.6, 18.1 and 22.7 kg. at a self determined pace for 30 minutes. An eleclmcardxogram,

- the patient's appearance, and blood pressure were monitored as wellas VO2. The test



: |  dymefRlc exercise test), As this was.considered an
acceptable intensity for work of short duration (ie. 30 minutes) he was successfully
r&urned to employment. | o | i T

The prevalence of chronic back pain patients has led to; |
treatment programs (Caruse & Chan, 1986; Caruso etal,, 198%). Many'of these have a
~work sigulation component which is'spread out over a longer ;‘ i

the cardiac programs. ,. . 4
~ One example of this tyﬁe of work simulation is found ¥k}
comprehensive rehabilitation facility described by Lichter et d(}984) where it was one

b

simulation program was precedad.by a job evaluation which included analysis of the
special movements, stress, work postures and the working envifonmcn_t and an
activities of daily living analysis. The simulations used an obstacle-course approach
similar to circuit weight training, with equipment and supplies such as cement bags,
wheelbarrows, sawhorses, buckets, pipes, luggage, and shovels. Kitchen counters,
shopping carts, shelves, and vacuum cleaners were used for patients retraining in
activities of daily living. Much of the focus of this program was on counteracting the
dccbndiﬁoning effect of prolonge& physical inactivity and restoring the patient's . *
confidence. ‘ (. ‘

* Matheson et al. (1985) reviéwed the history and current characteristics of work
hardening programs in indg.ﬂiﬁi‘ rehabilitation and commented: .

. “these programs use work capacity evaluation devices ds the primary treatment
tools. This is a new class of evaluation equipment that allows the work
hardening professional to present the patient with tasks that simulate job tasks
and that can be graded in terms of the level of difficulty or the length of time

involved... Most of the devices in use are 'homemade,’ although a few have
recently become commercially available" (p.317). - . . -

These authors stressed the benefits of working with the client in a laboratory \
setting which allowed experimentaﬁon with job and tool modifications. Clients who
experienced the gréatest benefit from the program were typically those who were
- seriously deconditioned after an impairment caused by injury or disease.

A

4 Metablic equivalents (METs) "A multiple of the resting rate of O consumption (V O2test), One
MET equals VO2rest Which is approximately 3.5 ml.kg.min" (ACSM, 1986, p-159). S

N



E conc\mndyh aoompml;amvoprommdindbykemud.
'*mmmammmww | ‘
1) A "multiwork staton” whichwunwooden f'mmestmctmewith four\sides.
Thmesidumdedmedwdmulmoonm&nwa-kinwpenuy.plumbin and :
electrical wiring, ﬂ:efamhsidehadavqﬁcalladdamduﬁepladder.aswell )
staging that provided access to the ﬁpper level. Tools and materials were avmlablé‘ for a

- variety of assembly and disassembly projects '

2) A truck simulator which oonsisted of a3 m high qum‘tcr-uuck cab eqmppcd W1th
a stecnng wheg_l -foot pedals with graded tcsxsumce and‘a computenzcd video scrcen.
simulatingthedrwingprocess . \
3) A programmable pneumatic lift platform operated pne'umancally ona txmc ‘
 sequenced basis, to simulate lifting. .

4) An Upper Extremity Work Sxmulator with an adjustable shaft, accommodatmg a
number of tools which could be adjusted to different hcxghts and angles along with a

- computerized console dlsplaymg the amount of resistance the therapist programmed for
each tool. A computer printout of force exerted as well as time spent on the activity was
supplied. (This last piece of equipment was custom made angd appears to be similar to
the BTE but there wag no comment by the authors on its comcxal availability.)

' While work simulation is a component of the maJonty of vocational o
rehablhtauon programs, one is struck by the diversity of ways in which it is used, and _
the lack of standardization, An even grcater concern is the lack of research on evaluation
methods or tools.

Measurement of PhySIcal Capa‘bilitia With Commercial Vocational
Evaluation Systems -

As noted by Botterbusch (1982), commercial vocational evaluation systems have
suffcred\from problems in technical standards. "While sonie developments of norms, .
rchablhty, and validity have occurred in the last 14 years, most work sample systems
are technically inadequate” (p.ii).

Measurement of physical capacities is not the focus of Botterbusch' s Teview.
Howcver enough mformanon i5 prov1ded on 14 systems> to determine the limited way

5 Career Evaluation System (Career Heston); McCan'on,D Work Evaluation System (McCarron- Dial
or MDS); Micro-TOWER; Occupational Assessment / Evajuation System (QA/ES); Philadelphia
Jewish Eployment and Vocational Service Work Sample Systom (JEVS); Prep Work Samples; Pre-

idmu“



in which this aspect of the evaluation has been attempted. These test batteries have
tended to focus on tasks which can be conveniently “packaged” in small work dreas,
“thus concentrating mare on fine motor tasks or on a very limited range of gross motor
tasks which tap mainly light physical abilities of the upper limbs. The ability of the
subject to perform heavy physical work is not ®uly assessed. The evaluations range
from tests such as "jumping" and measures of hand strength (grip dynamometer) or
lifttng strength (standing platform) to tests of physical capacity "assessed by the
evaluator” in which.no procedures are given. )

A) Work Evaluation Systems Technology (WEST)

One system which attempts to provide a more detailed and objective evaluation
of work capacity is that developed by Work Evaluation Systems Technology ( 19852,
1985b, 1987). The test equipment consists of w&mounted brackets afid a system‘ of
-weights and tools. Initial assembly and mounting of the brackets is required. Several
types of evaluation are carried out with the basic equipment. The WEST Standard
Evaluation (WSE), consists of a standardized set of procedures for observing evaluees
while they reach to their full limit of motionS with either arm and then with both upper
extremities, first unburdened and then with progressively increasing loads. An optional
section examines the evaluees' "brief tool use”. This is a timed test of speed of '
installing bolts, washers and Juts using a nut driver and a combination wrench at
specxﬁcd heights. The Comprehensive \&cight System with the WSE allows further
cvaluation with heavier loads, finer gradations of weight, heavier lifts unilaterally, and
handles of differing diameters and grasps. . |
An evaluation procedure and record format is provided. The evaluee's height
relative to the apparatus is noted although this latter information is not taken into
account in the normative data. Qualitative information about lifting styles is gathered in
a systematic manner which nevertheless requires considerable judgment on the part of
the evaluator. "chi—day" symptoms are collected and recorded before the evaluation is
deemed complete. Other than providing an anatomical chart of the front and back of a
T ' » .

Vocational Readiness Battery (Valpar 17); System for Assessment and Group Evaluation (SAGE);
Talent Assessment Programs (TAP); TOWER System; Valpar Component Work Sample Series
(Valpar); Vocational Evaluation System by Singer (Singer); Vocational Information and Evaluation

- Wark Samples (VIEWS); Vocational Interest Temperment and Aptitude System (VITAS); Vocational
Skillr Assessment and Development Program (Brodhead-Garrett); Wide Range Employability Test
(WREST); Waork Skill Development Package (WSD). ‘ g

6 WEST calls this "whole body range of motion under load", a rather misleading term as some aspects
of range of motion are not evaluated. What is measured is functional range and strength in.
combination.1 . . - ‘
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aginy m«mwmummmm o
- mmwum«dua Bria guidetines are provided for adspting the test
'mwnmmuunmmmnm to do frequent lifting atwhamhdght is deemed
appmpﬂm (at 35%-40% of the evaluce's maximum load for this range).

The smnh of the WEST is that the evaluee is observed actually lifting, giving
it high face validity. However. there are many drawbacks to the system : 1) the
normative data provided lacks sufficient information to be useful, 2) no reliability or
~ validity data are provided, 3) refu'enoes in the manual are madequane and 4) the
procedure manual is confusmg and vague.

The WEST provides an additional evaluation device - the WEST 4 ( 1987),
(utilizing the same bracket system and additional tools) to evaluate and develop the
ability to use hand tools and to develop upper extremity work capacity. Originally
designed to allow the evaluatien of workers engaged in a repetitive torquing task, itis a
standatdized method of measuring torque in dominant and non-dommwt hands in both
supination and pronation. The tor is cautioned that this "tcsung must not directly
involve an impaired componcnt df the biomechanical system. This sort of testing is not
only potcnually injurious but it also is unreliable and will produce an uninterpretable
result" (p.31). Given this caution 1t is not clear how rcsillugl function in an injured
extremity can be evaluated although in the case studies provided with the manual it is
> obvious the WEST 4 has used to evaluate "impaired components” with decisions
based on tlns information. bwg The authors state that reliability with a small number of
normal sub]ects has been established based on the coefficient oé variation statistic.
Validity is stated to be "often unarguable” as "the relationship between the evaluation
and the job can be easily demonstrated"” (p.6).

B) Available Motions Inventory (AMI) : :

As described by Malzahn (1984) the AMI is used to evaluate job-related physical

abilities primarily in the hands and arms of neutologlcally impaired individuals. It
consists of 71 subtests in which the seated client activates controls of various types and
ina variety of positions. Strength (torque, applied force, pinch and grip, measured in
pounds or inch-pounds), reach, reaction time, and time to réich the target control are
recorded. The tasks in the AMI were chosen because of their relationships to repetitive,
light bench work - similar to that found in the sheltered workshop of the test developers. -

The AMI is designed to measure a selected range of physical abilities which are
the basis of skilled movement. Carcful attention has been paid to obtalmng objccnvc
- information in a standard format. A microcomputer program prompts data acquxsmo‘l\
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cnentpopuhdon.'rhuemmrmdlowlnn -individual comparisons. Scores are
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ability of 14 components (progressing from the fingers to hand, foream , and arm) of
“the left and right sides. These scores are again stated in z scores. The reports highlight
specific motions which require modification and make it possible to set realistic goals )
and to measure progress.

.The bench tasks available to the developers were analyzed so that client
performance on the AMI could be matched with these tasks, providing a small but
important link between test scores and real job perfonnance These scores give an
indication of how close a client is to being physically able to work at a level suitable for
industrial placement. The test makes no attemipt to measure endurance or lower limb
abilities. The AMI is a carefully considered and developed measurement tool which is
useful for a narrow spectrum of clients. Apparently reliability and validity have been
tested (AMI brochure - further literature not available).

C) Vocational Evaluation System (VES)

This set of work samples by the Singer Company is one example of a structured
work sample system that not only measures worker traits but also'replicates job tasks.
Through a series of 25 work sampling stations (for ex h assembly, welding,
cooking and baking), the client is both evaluated and. venm o nity for"
occupational exploration, Scores are based on tifle'to complete ghe assigned projects and
judgments made by the evaluator. The tests measure motor processes as well as thought
processes (Russell, 1980). Limited norms are provided. VES reports moderately high
test-retest reliability nd validigy (VES brochure- further literature unavailable).
Advantages of the VES ar¢ high face validity and the hands-on nature of the work
samples which provide opportunity for performance appraisals. However, each work
‘sample requires its own space, many stations are required, testing is time consuming
and the test materials have to be restocked. Nevertheless, because of the standardized
- ‘administration, and preselected materials it is far superior to informal work simulations i
at least for the lighter occupational groupings.

D) Microcomputer Evaluation and Screening Assessment (MESA)
- VALPAR introduced the MESA in 1982 as a vocational screening assessment. It
is a broadly based assessment of perceptual -motor skills, acadermkhlls and problem
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| MESA subtests havebeen analyzed wrth the same procedures used)hy the 7

U S A l)epa!ttnent of Labor in the, chuona?y of Occupauonal Titles (DOT) Eleven R
"‘,_j,,‘,'exemrses are combmed o form the phySrcal aptrtudes score The physrcal capacmes
Y tested mclude strength, ﬁne ﬁnger dexte

'and fine assembley, manual dextenty and

o tool use Asi is commonly a hmttatron of vocanonal test bﬁitenes, very httle knowledge
_‘ vvts gamed about the chent s physrcal endurance or abtlmes fo carry out moderate to heavy

\

'I'he MESA test apparatus mcludes standardtz.ed test devrces and computer

= "-" software whxch is used todo’ parts of the testing and whrch tabulates and integrates the |

af'mal scormg, producmg the final’ report 'I'he test reportedly has good face va11d1ty

(Bord1 y' i, & Musgrpve, um!ated) No data on rehablhty or vahdlty are available, -
however he tesfﬂs carefully structured wtth spectﬁc mstructtons and. sconng gmdelmes
desrgned : rmmsze error. Itis nevertheless a complex testand confusmg to: ,
adrmmster f,The DOT xtself whﬂe wrdely used is open to challenge, underhmng the

: urr_n_p rtar ce_" < further attenuon to studres of vahdrty Unfortunately the MESA isnot -

3TE)\is a rela‘tively_ new and 'F’chnSive p‘iece of equ‘ip'ment.fThere a ~feW S

(Curus and Engahtcheff 1981 and Curns et al 1984) the

; ,,anmdfs,‘ who. w_er‘e“"as ociated With its development, described the BTE and gﬁ brief

case hrstones of patien with whom it had been used in treatment reglmes Whlle these !

B authors felt the BTE wag a very useful device for the ‘treatment of upper extrermty

! drsorders mformauon ne ssary to subject the BTE to smennﬁc scrutmy was not-

'mcluded B T R _;};,,:{ ST S O

Berhn and Vermett (1985) performed an exploratory study of 1somemc and _

| dynamrc gnp and wrist ﬂex n in a group of 30 subjects (15 females, 15 males) to
- estabhsh mmal norms for tw attachments of the BTE They stressed the importance of
. measunng dynarmc power, w 1ch is more closely hnked to funcuon, rather than. v
measurmg only the strengtﬁ’"o maxxmum 1sometr1c contractxon wh1ch has more ’




g scores 42 -57 % lower than maie‘,,scores Stausucal test procedures were not used to _
o ’estabhsh the sex differences. They reported arelauvely low "average" ﬂucwatton rate of
6-14% between test sessions for males and females. How they performed these .
calculations is unclear They cdncluded that "the consistency of scores can, be evaluated |
R 'when there is a questton concemning smcenty of effort dunng the testmg process" (p.
64). They also reasoned that hand domgnance had little effect on power or strength

~They advxsed the calculatton of the ratio of thedijuréd to the non-injured hand. Thisis

‘ meamngﬁxl only when one hand can be assurned to be normal and the other mJured or’
‘drsabled ‘

BTE and the WEST 4. This study represented "the first d
. devices commonly used to measure tortfue strength in clind
'used the BTE in the static mode Wthh caused the sumect to &
~while the ‘WEST reqmred dynarmc contracuon ‘They found i cant dtfferences

| "between the two measures remforcmg the concept that stauc and dynamtc strength are

- ,dtfferent although clinicians may have tended to ignqre this d1fference No rehabthty

N stausttcs for elther dewce were mcluded. \

| Baxter and Fried (1984) briefly menttoned the use of fie BTE along with other
i - modalities to provxde appropnate job. srmulauon in their work tolerance program of the

| Hand Rehabilitation Center in Phlladelphta Patients performed. snnulated tasks at -
‘ progresstvely greater amounts of re51stance and for mcreasmg pertods of time. -
| Performance was plotted on a gtaph o : A
) ~ Blair, et al. (1987) descnbed the BTE as "a useful mstrument in chmcs and

- hospltals that deal with upper extremity mjunes" (. 52) ’I'hey 1ncluded specrfic tasks
"on the BTE (pushmg and pullmg with four d1fferent attachments} asan "observanon
.,tool" as part of their Physreal Capacity Evaluauon but they cauuoned "that the BTE does

not have rehabthty and vahdtty statements at this time and should not be rehed onas the

‘ "only assessment mstrument for work output" (p 55). '

_ Wolf et al., ( 1987), studied 30 males’ companng torque strength measures on the
d compartson of two .

rnetnc contractton

h

- No smgle aSSessment tool will resolve all the dtfﬁculttes of assessmg the wvaried

- and complex movements of work done in the "real world" However as noted by

-
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L It allows quantttatlve meaSurement ahd documentatton of the chent s
‘ ~output. Thts glves therapxsts obJecuve mformanon on whwh to base
"‘decxsxons about the ollent s ability to work ‘ s
It allows the therapxst to xncrease the dlfﬁculty level of tasks in graded
T mcrements thereby mmumzmg r the nsk of i m_]urmg the chent by startmg a
- task at a level above his or her safe ablhty : R o

‘Tt allows the simulation of a movement w1th res1stance m both dlrectxons
“(for: example, forward and backward or up and down) or in one dnecnon ‘
‘ ~only: v L o .
' "It allows the sxmulatlon of a much broader range of tasks-in a small ,
" amount of space than is possible b‘g usmg specu’ic tools such as lathes .
- and dnll ‘presses. It therefore reduces the msMs

1ated with

pmwdmga w1de vanety of tools and equipment .\ :
It prov1des clear feedback to clients wh1ch can help to mu ate them o

- It permits. the assessment of strength and function in the performance of

static and dynam1c movements as opposed to measurement of only

isometric contractions.

The autou?xc recordmg of measurements makes it posmble for clients to
work on th ir programs with rrummal theraplst supems1on

: ok There are also some: drawbacks of the BTE which will make it 1mportant 0.
conunue to supplement it with other evaluanon methodologles

1)

2) .

3)

Tasks must be broken down into small components in order to 51mulate
each component senally This dlffers fmm the "real" work pattern Wthh

' frequently requtres complex mteg'rated movements

The BTE is pnmartly des1gned for upper exttemlty use. Tasks whwh

: combme upper and lower extremmes (such as can'ymg a load overa
'dlstance) cannot be fully sunulated ST

The individual must stand or sitin a small area when perforrmng tasks

'_ThlS is not alw:ys the case in the "real world" situation where walkmg

and carrymg are often a part of the task
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, Physnologlcal Measures

tool once 1ts mﬁahxhyanﬁ vahdxty have been ascertained.

The en'ergy cost of aerobic work. can be.measured by the amount of O
onsumed. In the physxologlcal system, 02 is used to hberate energy from substmtes
‘ ‘red within the body. For each litre of O, consumed ‘about 20 kJ of energy will be

dehvered, hence the higher the oxygen uptake, the higher the aerob1c energy output.
‘ Oxygen uptake during exercise or work may be measyred with an accuracy of + 0 04.
' htres/mm (Astrand & Rodahl 1986 P 299) with the use of proper mstrumentatlon

' “Two methods for assessing energy expendlture are poss1b1e, the dlrect method

of oxygen uptake dunng the work activity and the indftect method of estimation. of

oxygen- uptake bpfedten heart rate during the actxvny The validity of using oxygen -

’ uptake asa basis for measuring energy expendxture has been well estabhshed producmg

' A wxde  variety of methods fo@ollecnng expired air under laboratory and field conditions

~ and a vast amount of mfonnatmn on the energy cost of physxcal work (Astrand &

Rodahl, 1986, p491) - S - S : K

In many types of exercise the HR, unless’ dxsturbed by envuonmental '
conditions, i mcreases hnear.ly with the rate of exercise. Dunng maximal lower
extremity exercise, Astrand & Rodahl cited a standard deviation of only . + 10 beats per
minute. This relauonshxp makes HRa useful and easily obtamed measure which is used *
extensively in fitness training and testing (Astrand & Rodahl, 1986 p. 189; ‘

R ACSM1986, p.34). The linear relationship of HR to VO3 under’ standardxzecf conditions

makes the estimation of workload possible. The HR can be used to esumate the
‘workload prov1ded the workload-HR relanonshlp has been estabhshed for the
individual, the work involves similar large muscle grOups in both cases, and

_env1ronmental temperature emotlonal stress, etc are the same Rodahl (as cxted in

Astrand & Rodahl, 1986, P 495) foﬁvery good reproducxblhty of HR i in field studles
w1th ﬁshermen repeating the same over three days. :

The Ratmg of Percelved Exertlon (RPE) Scale

" The 15-pomt Rating of Percewed Exemon Scale (Appende A) isnota phys1ca1

.capac ty test but is a-means of measuring the mdwxdual's subJectlvely perceived level of
. “



" atagiven exerctse mtenstty roughly corresponds to 10 times the RPE value. The

i ompahying verbal descripti rangin f1'0111""';‘
- Vﬂy. very ltght to "19 vexy. very hard" This szmple appeanng ordmal scale was
e developed on the basts of resean:h on the btcycle ergometer and was found Wlth median
- age groups o have a linear nelanonshrp to mtensity of e exerctSe and to HR s0 that the HR

!

_ numencal ratmgs are given addmonal meaning by the attached category expressmns
(Borg, 1982) Borg (1982 p 377) stated that: - )
- "the overall perceived exertion rattng mtegrates vanous mformauon, mcludmg
_ the many signals elicited from the peripheral working muscles and joints, from
the central cardiovascular and respiratory functions, and from the central

nérvous system. All these signals, pcrcepttons, and experiences are mte T '
into a configuration or 'Gestalt ‘of percexved exertton S Lo R

A) Labomtpry Controlled Studies-

, Gamberale (1985) cited the RPE scale as the most frequently used scale for
measunng the degree of percetved exertion during physrcal work. The scale has been
well validated against physrologtcal variables such as HR, V02, respiration rate, -
ventilation and blood lactate (Pandolf 1983). Rellabthty coefficients reported by
Sktnner etal. (1973 as crted in Pandolf, 1983) and Stamford (1976) ranged fromr ="
0.71-0.90 with the htgher coefficients found in progressive rather than random '
presentation of exercise 1ntensmes Pums & Cureton (1981) estabhshed the relattonshxp

‘between the anaerobtc threshold and ratmgs of perceived exertion. On, ad-mcrcmented
bicycle ergometer stress tests the mean RPE at the anaerobic thresii§ Was 13.1.£ (. 9
for females and 14.2 +0.9 for males. The RPE for the combined group was 13.6 + 1.2,
1mply1ng that the effort was percetved as "somewhat hard”, They concluded that the
similar percaption of exercise mtensrty correspondmg to anaerobic threshold by dtfferent
md1v1duals makes it possible to prescribe an exercise 1nten51ty equivalent to the

- anaerobic threshold using RPE. '

. Burke (1979) used percent VOzmax7 rather than HR asa criterion for vahdatmg

the RPE in several studtes finding the RPE as good as or better than HR -in predicting
‘percent VO2max . In f'mdmgs later supported by Purvis & Cureton (1981), he found -
that an RPE of 13 equated in most individuals to between 65 and 80% of VO2max'.
“This levﬁ was both a psychologlcally pleasmg and an effectwe mtensny fori mcreasmg

7 Highest rate of oxygen uptake observed during exercrse mdrcated by the failure of oxygen uptake to -
mcrease with increase in external work” (ACSM 1986, P.16), measured i in liters per minute.



| The'RPEdoesnot always have mnearrelauonshx. ‘thHR. Heanrate canbe a
o affected by many factors such as age; type of exerczse envhalment, certain drugs and
anxlcty (Borg, 1982; Ekblom Livgren, Alderin, Fridstrdm, & Slittersu'bm 1974 and
Pandolf,1972 as cited in Pandolf, 1983). Burke (1979) found that cigarette smokers |
.found it difficult to work ata trammg level below an RPE of 14. Despite such.

' hmltauons, Gamberale (1985, p. 307) suggested that rating scales can "have clear R
advantages compared with magmtude estimation or other techniques”... in * pracucal
'setungs where absolute compansons between dxfferent work situations are needed or .
when interest is focused on mtenndmdual or mtmndivxdual comparisons”.

'B) The Ratmg of Perceived Exertion: Related to Occupatlons

‘ Several researchers in occupauonal therapy have used the RPE scale as an

| anchor pomt in studies of motivation and the effect of the purposefulness of tasks
(Kircher, 1984; Steinbeck, 1986; 'I‘hxbodeaux & Ludwxg, 1988). Although different
points on the RPE scale were selected, in each study subjects were asked to work.up to
a specific RPE on a purposeful or non-purposeful task and then to repeat the samc “
amount of exertion with the cbrresponding non-purposeful or purposeful task. As RPE’
correlates highly with - VO2, HR, ventilation, and blood lactate concentration, it is
-conmdered a "vahd and reliable mdlcator of the level of physxcal exertion dunng

_ constant mtensxty exercise". (ACSM 1986 p- 36) and 1t can be used to estabhsh an

exercise nﬁensxty N ‘ ‘

| Noble. (1982) stressed thei 1mportant apphcauons of percelved exertlon in

| ""'occupatlonal and other settings. The Borg RPE Scale has been use in occupauonal

' ettings to evaluate the effort perceived by workers under many conditions. Khaleque
(1981) measured HR , RPE, and job sansfactlon in light mdustnal work in a cigar

’fac\tory He found significant correlations between HR and job satisfaction but not

‘between RPE and job satisfaction. He postulated that while RPE is related to HR in
heavy physxcal work, in hght work psychologlp/al factors such as emotional stress or
tension rmght have an important role to play in influencin g HR. '

' Goslin & Rorke (1986) found correlagions between RPE and card10—resp1ratory
measures indicating a reasonably hxgh degree of relationship (VOzi r=0.75; HR,
r=0.47; VI, t = 0.58) in studies of backpack load carriage with three increasing Ioads |
and tw» increasing speeds on a motonzed treadmill. RPE, ventilatory and cardio-

'respnatory responses increased lmearly w@ increases m load carried and speed

\



3 E maximum aoceptable workloed (MAWL) The ‘
o when frequency was adjusted They Suggeswd that falvq
. measurements and subjecuve assessments may mﬂuence ﬁn individual's perception of .

WL per minute was highest
ws other than physiologxcal

Garg & Banaag (1988), conducted a laboratory syiﬁy to determine the effects of

5 , repetitive asymmetnc lifting on pwchophysrcally determmed maxtmum acceptable
/s

: strengths were significantly lower and HR and RPE were. srgmﬁcantly higher for
' asymmetnc lifting than those for. symmetric lifting in the sagittal plane (p < 0.01). They

werghts and resulting HR's and RPE'. ‘The maxtmum acceptable wetghts and static

used a variation of the RPE which requested subjects to respond wrth RPE values for

' localized pslrts of the body (eg wrist, shoulder lower back lower body) as well as the
“whole body o -

- The RPE was found by Eston & Williams (1988) to be useful asa perceptual
frame of reference in the regulation of high levels of exercise mtensrty for healthy men
and women. Subjects regulated the resistance of the cycle ergometer w1thout reference ,
to the instrument display panel to attempt to cycle at constant loads based on their -

; perceptron of ratmgs 9,13, and 17 of the RPE scale. Con'elauons between the three
~ trials ranged from r.=0.83 to r = 0.94, o

Bjurd, Fugl-Meyer, Gnmby, Hook & Lundgren (1975), in ergonormc stud.tes

of domestic work in varying patient groups recorded time consumption, HR and RPE

during a 4. 5 5 hour domestic work program Compared with the control group, the
RPE and HR in the two patient groups were found to be higher despite a slightly lower
submaxlmal workload. In the two pattent groups there was a considerably higher RPE
in relation to HR than in the control group and in relation to HR, RPE showed more -
vanauon than found in healthy subjects. As subjects could select the pace of therr work,

'RPE was seen to have a decisive function. MetBods to reduce the hlgh RPE in panent

groups were proposed, such as training of motor function and cu'culatory capacrty,

, nnprovement in work techmques, and 1mprovement in environmental desrgn and

cqulpment
Shanfield (1984) proposed the use of the RPE as part of a Physrologlcal
Momtored Evaluanon (PME) Whlch also mcluded HR, blood pressure and a Shortness

} -



‘ Work Clmiflca‘}‘ion Systema U ) ’ | e v
. Many occupational therapists and vocational evaluators use the CCDO (1986)
classxﬁcauon of work into five categoues (sedentary. light, medium, heavy, and very
heavy) accordmg to the strength required for hfung. carrying, pulhng and puslung In
 addition the work is classified by the need for climbing or balancing; stooping,
kneeling, crouching and/or crawlmg, reachmg, handling, fingering and/or feeling;

~ talking; heanng; seeirig; and the use of dxffcnng types of controls. The advantage of thlS ‘

system has been that many jobs could be quickly and easily catcm mthq?nt _

. recourse to extensive detailed analysis. The disadvantage is that the defihitions are very
| gencral and do not define the rate, frequency or duration of effort required.©

' o Bearmg in mind the many physiological and psychological vana\bles that affect

~ individual responses, Astrand & Rodahl (1986, p.502), provide the follomng
classification system for VO3 and HR respectively, mfenng to males twenty to th1rty

-year of age:

’

Light - up-to 0.5 L/min; and 90 beats/min;
. Moderate - 0.5 to 1.0 L/min, 90 to 110 beats/min; -
Heavy - 1.0 to 1.5 L/min, 110-to 130 beats/min; _
Very Heavy - 1.5 to 2.0 L/min, 130 to 150 beats/min; RN
* Extremely Heavy - over 2.0 L/min, 150 to 170 beats/min.

Indusmal physxclans use a well standardized system of classxfymg the mtensny
-of aerobic work accordmg to the amount of cnergy required (Brown & Crowden,
'1963) These authors also included ovcrlappmg ranges to take into account the
variations in physical demands in the work cycle As reported by Shephard (1987a) and
with the conversion to litres per minute of VO3, this system has the following
) clasmﬁcauon light work demands an energy expenditure of up to 14 kJ/min. (0.67

erate work 14 to 23 kJ/mm (0.67 to 1.10 L/mm )s heavy work 23 to 38
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*i:wmmtfadm Thirty t0 40% ofvom Is corisidered t0 be the reasonable upper
iy workperfamed overa reg\ﬂar 8-hour worladay (Astrand & Rodahl,
1986 p. 501 Shephnrd, 1987a) with 63 to 76% an acceptable upper limit for work of
short (one hour) duration. o

A fivelevel classification system of exercise intensxty based on work of Durnin

and Passmore (1967, as. cited in McArdle, Katch, & Katch, 1986, p.139) gives the
following categories for men : light - 0.40 to 0.99 L/mm., moderaté - 1.00 to 1.49
L/min.; heavy - 1.50 t0 1.99 L/min.; very heavy - 2.00't0 2.40 L/min.; undily heavy -

2.50 Umin. and over. It can be seen that this system is slightly d&ffmm from that -
suggcsted by §hcphard (1987a). ‘ ‘-

Another frequently used system expresses the volume of o)) consumcd per
minute relative to the subjects body weight (ml/kg) and relative to the mung metabolic
rate (MET). Many tasks have been expressed in terms of METs and this system is often
used with cardiac patients (Wilke & Sheldahl, 198s; ACSM 1986; Astrand & Rodahl,
1986, p.362; McArdle et al., 1986, p. .139). -

Arm Versus Leg Ergometry

The physmloglcal responses to exercise have most frequcntly been measured by
the use of tests that require leg work such as stationary cycling, treadmill walking and
step tests but, as outlined in a review by Franklin (1985), “alternative methods
involving arm exercise appear to be more appropriate for selected subjects such as
paraplegics, amputees, and those wnth periphetal vascular disease or lower extremity
dlsabllmcs, as well as those whose occupanonal or recreational activity is dominated by

. - arm wor " '

L .;',' ‘ Several researchers (Bar-Or & Zwiren, 1975; Franklin, 1985) have ‘

B demonstrated that estimates of leg VO2max from experiments with arm work and vice
versa have a relatively weak correlation. In order to more accurately predict performance
‘capacity, arm exercise testmg appears to be the functional evaluation of choice for ,
persons whose physical activity is dominated by upper extremxty efforts (for cxample
\occupanons such as sewing machine operation, manual labourmg. construction,

carpentry, ditch digging; recreation and training such as swimming, canoeing, cross-
| country skung, tennis, kayakmg, raquetball; and clinical condmons such as
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limitations, and unpum) :
Atuiven:ubm:dmalwa’kload.armexmcisehperfamedatmm
physiological cost (ie. less efficiently, with higher VO3 and HR) than leg exercise
(Astrand & Rodshl, 1986, P.192; Davis, Vodak, Wilmore, Vodak, & Kartz, 1976;
Franklin, 1985). The reasors suggested for this are the use of smaller muscle groups
and the static effort requimd with arm work which increases VO3 but does not increase
external work output. VOzm during arm exercise in men is 72% of leg VO2max (the
mean vaide from seven Separate studies), while HR is comparable (Franklin, 1985)

Arm ergometry is now be_mg used for evaluation and training of both able-bodied and
disabled males and females (Bhambani, Clarkson, & Gomes,1988; Davis et at., 1976;
lsollock. Miller, Linnerud, Laughridge, Coleman, & Alexander, 1974; Washburn, &
Seals, 1983; 1984; Vander, Franklin, Wrisley, & Rubenfire, 1984).

Summary
]

The review of the literatur&points out the serious lack of standardization in the
evaluation of work which makes validation of our techniques an almost impossible
endeavor. Even the "standardized" tests and systems have technical flaws and
inadequate scientific foundation. _The BTE has potential to provide some objecnve
information, but there is little pubhshcd literature on it and even more disturbingly, little -
recognition (except by Blair et al, 1987) that the issue of reliability and validity require
attention. .

Physiological and psychophysical measures can provide objectivity and
hopefully these will be used more by therapists. However, these types of measures do
not always answer the questions related to specific types of work. The work
classification systems tend to be too general to be more than just guidelines for gi'oups
of jobs rather than giving full information,on specific jobs.

It can be seen that valid assessment tools are seriously lacking in this field. It
was for this reason that one potentially useful tool; the BTE, was selected to begin the
slow process of developing reliable and valid methods for therapists to assess and make
decisions about clients and their abilities to pcrform specific tasks.




METHODS AND PROCEDURES

. Study Partﬁpants
% : L4

Thirty healthy, male subjects, 18 - 35 years, volunteemd to participate in thc
study. Volunteers were solicited at mformal and formal sporting activities such as
softball games, running races, from among the researcher’s social contacts and through
poster advertisements. Subjjcts were not remunerated. The subjects were informed of
the testing procedures \nvolvcd and gave written consent for participation (Appendix B).
All participants met the screenigy 4 ja of the Physical Activities Readiness
Questionnaire (PAR-Q, Appm&xb ﬁo subjects with any known physical disability
or who were on any medication atfecdng metabolic or cardiovascular responses were
- included. Anthropometric infotmasibn (age, weight, and height) was collected on each
participant. / :

Equipment and Instrum:nts | ? '
P ;

1) 'BTE Work Slmulator"M Model number 101A (Baltimore Therapeutic
Equipment Co., Maryland, USA) At the beginning of each session the
simulator was calibrated accordmg to the manufacturer's instructions.

2) MMC Horizon™ Systems Metabohc Measumme Cart (MMC),
SensorMedics Corporation, Anahelm, Californja’” This is an automated
system which permits the assessment of rcsplratory and metabolic
parameters, performs all the required calculations and provides a
printout. Although reliability coefficients were not stated, Wilmore,
Davis, & Norton (1976) have established reliability and validity. At the *
beginning of each session the MMC was calibrated accordmg to the
manufacturer’s instructions. |

3)  Sport Tester™ PE 3000 Heart Rate Meter. (Polar Electro, Kempele,

) Finland).. The Sport Tester consists of a w1relcss, lightweight electrode
belt and transmitter worn on the chest and a small receiver which
registers the heart beat frequency of the user in beats per minute.
Karvonen, Chwalbinska—Moneta, Saynajakangas (1984) concluded that

o 25
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'ECG. Leger 'l‘hiverge (1988) found correlation coefficients between
- thedevice CGofr-09Sw097'on.ﬂlrecexerciaetem,
"~ r'=0.95 on low intensity exercise and r=(0.71 on high intensity
exercise.

4) Arm ergometer (Monark Rehab Trainer 881, Varberg, Sweden). This is
a mechanically braked system mounted on an adjustable height table.

5) Electrocardiogram (ECG) monitor (Hewlett Packard, Model 1500B) The
use of this monitor allows direct measurement and recordmg of HR on
the MMC printout where automatic calculations are pexfonned.

However, as noted by Franklin (1985), satxsfactory ECG recordings

were more difficult to obtain due to motion amfact in arm ergometry,

particularly at the heavier loads, and therefore the Spon ’I‘cste:rTM was
used concurrcntly ,

- 6) Borg Rating of Perceived Excrnon (RPE) Scale (Appendix A). The RPE
is a 15-point category rating scale which has been well validated in
correlation with other physiological and psychological variables as a
measure of degree of physical strain. (Gamberale, 1985; Pandolf, 1983;
Stamford, 1976).

Procedures

Prior to preliminary testing each subject was provided with written instructions
(Appendix B) asking him to refrain from ingesting a heavy meal or engaging in
vigorous physical activity for at least three hours prior to the testing periods. The three
test sessions were all scheduled at approximately the same time of day for each subject
in‘ order to account for diurnal variations in the physiological.variables being monitored

* (Shephard, 1984).

_ The Tasks

As the BTE was designed to be uscd with repetitive upper limb motions,
repetitive criterion tasks which utilized primarily the upper limbs were set up in the
laboratory. The tasks were at three levels of work described by the CCDO (light,
medium, and heavy) and were within the guidelines established by Snook (1978) for,

‘maximum acceptable weights of repetitive lifts for males.

Tasks were selected based on the following requirements:



‘o d re ,@m vmwumple.m»wim;
o “f*&ebdghtnmcmofmﬂqﬁm), | :
2) themovemummpedﬂw.mdprknuﬂy involvedthcupperbody'
3)  the movements were in a single plane,
4) ﬂ:etukwouldbeconsistem throughout each trial mdonmpeatedtrhls,
5) the equipmsent and/or supphes for the criterion task could be readily

o " obtained. -

o Three expert judges mdependcmly observed and bneﬂy performed each of thc
tasks in both the criterion and simulatef§ forms. These were modified or changed until
each judge subjectively felt that the criterion tasks met theopemionlldeﬁniﬁonsof
light, medium and heavy work and that the simulations corresponded ‘well with the
respective criterion tasks.

The criterion tasks were desngnated CL,CM, CH for the light, medium, and
heavy tasks respectively, illustrated in the followi ng Figures 1-3. ¥

Using appropriate combinations of the v ble height, angles and attachments,
~ each of the three criterion tasks was simulated on the BTE. These were designated SL,

SM, SH for the light, medium, and hcavy tasks respectively. These are also ﬂlustratcd .

in Flgures 1-3. S ~
The participants were glvcn pacing instructions which were similar to the
procedures used by Snook (1978) and Legg & Myles (1981): "Do this task at a
comfortable intensity which you feel ydu could keep up for a rcgular eight-hour work
day." All tasks were performed in the ?tandmg position. Details of the tasks were as
: follows
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BTEasa(® ‘
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protect the participant from the wncheduw?mdzss%othnﬂw
rough edges.) Bottle height was 94 handle across the of this
cm from the floor. The total height , arc covered a of1
of lift of each bottle was a B’I‘Bwasmovedwmloylm
minimum fllscm(measured posiﬁonsomattheheiﬂnofme knob
from the floor) to clear the edge of at lbeendw -
the placed 23cm fromthe & mmmﬁo&n i
front edge of the table. Bottles were, the extreme of its arc. The t

. placed on the table in marked stood in front of the BTE, 23 cm
ocations so that the lateral distance bagk from the front edge of the

. moved was 44 cm for each bottle. handle, held the small knob with the
This unilateral activity was same hand as in CL, and moved the
performed in the coronal plane in . knob in an arc from side to side in the
front of the body. coronal plane.

. _ AN
: \
Figure 1A. C L Task 1B. 'wS L Task
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-_one set of handles at the lowcr C
position (92 cm from the floor) and
‘moved the handles upwards tothe .
, vhlghest position of the tool, tt o
_returned to the onginal po._j_
: bllatcral arm actmty was p

Yo ‘ I |

Figwe2&. CMTask \ 2B §MTak AR




‘With the shaft in o horizontal
posltion’,,BTB tooH‘QOl ("one or two
handed p") wasused. Two

usmg'ahonzoﬁ ""woodenhandle - range-of-motion limiters were .-
'« 20% 3’X'2cm. The height of the . - attached at 135° and ht 225 givea -
han dle fmm the floor was-one - ' -27 cm range of motion. The shovel

bilateral activity was .~ handle.was replaced by-a wooden _

gperfo yin the sagittal | hand1e20x3x2 ¢m'to allow
planc chrectly in front of the body - D) placement of both hands side by side.
o - " (Thehandle projecting at right angles -
e o . : .- was not used.) The BTE shaft was
O , : . adjusted so that the helght from the

floor to the handle in the horizontal

posmon wasone meter. The =~
-~ participant, standing to the side of the
BTE, pushed and pulled. Thls o

REE ‘, iJateral activity was perforn L
‘ AP _ y in.the sagittal planj ectly .
i o -1frontofthebody o

b

oo

.

Figure 3A. C H Task , “ . 3B. SHTask




g arucxpants were ngen a familiarizanon session in’ the laboratory 0 onexu them S
| A‘totheeqmpmentandthesmtasks 'l"hethreecntenonandthreestmulatedmskswere o
- explamed to the paructpants' who then performed each task until it was understood. .
' Follong this < onentanon a gmded arm ergometer.,ﬁxermse test followmg the
" protocol estabhshed by Dav1s, etal. (1976) was performed ‘This test was used to .
detenmne the pV02 for each. subJect and was the basrs for calculations of intensity of -
work on| the tasks relative tothe subject's fitness level” Guxdelmes of the American
College of Sports Medrcme (1986) which allow for maximal capacrty testing in the
absence of a physician were followed. - : .
‘ . The: pamcrpant was seated in front of an arm ergometer, adJ usted so that the
‘ xmdpomt of the sprocket wheel was at shoulder level. Electrodes and the Sport TesterN :
were attached §o that the pamcrpant s heart rate c0uld be momtored contmuously
Respuatory gas exchange. vanables were momtored by the MMC using a face mask
connected to the free end of the MMC. (Two subJects with beards were ﬁtted with
mouth pieces and nose chps in place of the face mask to ensure proper fit) The .
. pamcxp aided by audiovisual feedback from a metronome (Franz, Model LM-FR- 4), ‘
- started turmng the arm crartks at 50 rpm and zero resistance for a period of four |
. mmutes The metabohc cart, programmed to perform calculauons every 30 seconds
was started at the begmmng of this four minute panod Thereafter the res1stance was
‘ mcreased by 0.25 kg every two minutes until the pamcrpant reached his maximum
- exerc1se capacity. This. was cons1dered to be the exercise intensity at which the subject
' consumed the maxunum amQunt of oxygen and/or was unable to contmue crankmg at
‘thejgr scnbed rate. In the latter case thé pV02 was consrdered to be the VOzmax
_ ,Towands the end of the test the "shout" method of motlvauon was used to obtain the _
, maxrmal performance by the subject.’ The pamapant was asked to indicate his RPE on |
| ‘-the Borg scale during the last 15 seconds at each power output

'-TnalOne S . : L . r
- Ona subsequent day a mmunum of 24 hours after the onentauon session, the
parucxpant was appropriately prepared for metagohc measurements usmg the MMC
- HR was monitorefl with the Spo’sterTM ‘Once connected to the apparatus each
- ;partwlpant stood at ease for four minites t& allow measurerrlent of restmg V02 and HR.
'Followmg the pacmg mstmcuons prevmusly descnbed, the participant worked for a '
- rmmmum of ﬁve miiutes at each task in order to obtain a steady state of the

@:




physiolog:cal variables being momtored. During the last 30 seconds'of each ot‘ the tasks
~RPE. and HR were recorded. The VOz was obtaxned from the MMC for the latest two
30 second mtervals After the task was completed. HR and V02 were rnonitored usmg
the MMC unnl these vanables returned to thexr standmg values. Then the pamcxpant was
 instricted-to perform the second and thtrd critenon tasks in a similar fashion, each
~ followed. by a similar recovery penod The three tasks (CL, CM,.CH) were presented
m random order (determmed previously by pickmg from a hat). ST »;“w :
B Usmg the same metabolic apparatus and the same protocol, the participant was
' msuucted to perform the three simulated: tasks on the BTE. The resistance level for each
,,task on the BTE was gradually mcreased until the participant indicated he was workin g
~ atthe same RPE’{ éore reported on the corrésponding criterion task. It was necessary -
for criterion tasks to be performed pitor to sxmulated tasks so that the: subjects could '
determine this. This method of setting the resistance level on the BTE was chosen
- because of i its similarity to clinical use of the BTE, where specific forces are seldom
known and the therapist or client estimate the requtred fesistance. The three tasks (SL,
SM SH) were agam presented in random order | \
Trial Two s R | ! o R K
The second trial took place a minimum of 48 hours following the first trial.
Each participant was retested in both the criterion and s1mulated tasks in the same '
manner and at the same time of day Dunng simulated tasks the re51stance level was set
at the level determined for each task by that subjec one.-A new random order of
tasks was selected. ﬁ‘ L o

Limitations R ‘5‘:

_ TH study mvesugated only three tasks; therefore ﬁndtngs cannot be
generahzed to infer that similar results will be found when other tasks or attachments of
the BTE are studled v .

’ No attempt was made in this study to measure specific muscle actmty (for
 example, throught the use of EMG) or to analyse the mechamcal forces act1n gon the
- bones, muscles, or joints.- : :

Much of the accuracy of the BTE is dependent on the therapist's Judgement The:
ana1y51s of the "real" task. and the chorce of attachments positions, and resistance levels
to provide the simulation could vary between theraplsts Expert Judges were utilized to
minimize the effects of this hrmtanon e




,Real tasks nsﬁally 'involve patt&rns of movements in more than c plane rather
iy isolated moveiﬂents in a smgle pl,ane. While the BTE alldws a vnde vanety of
movements. itis seldom posstble to simulate a complete task mvolvmg several planes of
mOVement thh one attachment Several attachments may be required in successxon to |
P pmwde all the movement pattemns. Therefore somewhat amﬁcml tasks ina smgle plane
were chosen for thp\tudy to avoid this problem o .

Although the BTE is used mainly with clients who have dlsabxhties it wouldpe ,
extrem ly difficult to establish mmal rehabllxty and validity by using this populanon of
subjects ere are so many types of disabilities, many of which fluctuate in theu
: c0urse, that avery large study would be required. Thus, in this study, able-bodxed
- subjects were used with the rationale ilxat if rehabthty and validity were pet present with
this sample they would be even less hkely to be evident with a more varied sample.
Rehabxhty and vahdtty established with able-bodied subjects provides a foundauon for"
further résearch with dlsabled subjects .

" Another hmttanon of the study was that smulated tasks (vere always performed
“after criterion tasks: Thls may have introduced an element of fattgue although subjects
were allowed to rest between tasks until nestmg V02 and HR values were obtained.

Diet, slcepmg and smokmg patteghs educauonal level, and type of émplo ngnt
were not controlled : * E L

Delimitations

§ub3ects w;'e a convenience sample of healthy males. 18 35 years of age who .
took part 1n physwal recreattonal activities equivalent to a rmnunum of 5 METs for thirty
mmutes at least three times per ‘week.

_Expenmental Design 7
The study was a three factor de31gn 2x3x 2) in which Factor A had two

levels ("Type"- cntenon and simulated); Factor B had three levels ( "Task" - light,

- medium, and heavy); and Factor C had two levels ("Tlrne - tnals one and two), with

h repeated mﬁsures on all factors. (Appende D) L 4

v



o Data Analysis

Pearson product moment correlations (Keppel, 1982; Curner, 1984) for VO;
and HR were calculated between trials to examine rehabxhty and between cntenon and
simulated condmons to examine vahdlty The critical "r" value for sxgmﬁcance on these
tests (n=30) was 0.306 (df = 28, 1-tailed alpha equal t00.05). - ,

. Intraclass correlauon coefficients were also computed for each type and task
: between trials to produce reliability estimates (Knebs 1984). ‘

* In order to examine whether there were any 51gn1ﬁcant differences between the
mean values of the criterion and simulated tasks under the different conditions, the data
was also subJected to a three-way analysxa of vanance with repeatcd measures followed
by the Greenhouse-Geiser conservative test (Keppel 1982). Significant "F" ratios were
then mvesugated usinga post hoc Scheffé test (Keppel, 1982) to locate the differences’
between task types, levels and tnals Alpha equal to 0 05 level of s1gmficance was
 selected. :

As recommended by Keppel (1982), the tnple interaction term in the summary

of analysis of variance was examined first. If this was 51gmﬁcant the post hoc analys1s

was exammed to determine the location of significant differences. Where the three-way

mteracuon was not s1gmﬁcant then the two-way mteracuons were exammed, pooling o1

collapsmg the data from the third factor not included in the interaction term in each

analysis. :
The SPSSx, statistical software program (SPSSx ,1986) was used. for the
followmg dCSCl‘lpthC stausucs, correlations, analy51s of variance with repeated
measurgs (UANOVA), the Greenhouse- Gelser adJustment, and Scheffé mulnple
comparisons. J : o, -
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'RESULTS

Séction A
Chardcteristics of Participants

“
.oty
e

The charactensucs of the pamclpants are glven in Table 1. Data from an
addmonal five sub_]ects were not included: two were consxdered pilot studfes, and three .

- did not complete the study. Of these, one fell ill fmm unrelated causes, one was

discovered to be ineligible duc to dlabctes, and one did not return for the second and
third sessions and could not be contacted. (Raw da?a are in Appendix E). The subjects

"came from a wide vancty of backgrounds stockbrokcrs bankers, administrators,

technicians, graduate and undergraduate students, and unemployed manual workers.
The majority of participants were acuvcly involved in reereational physical activity
equivalent to a minimum of 5 METS for thirty mmutes at least three times per week.
For many subJects these acnvmes included running and for wcxght lifting. '

' " °  TABLE 1
Mcans, Standard Deviations and Ranges of Selected Variables for Study Paruc1pants'
4 L (n-30) . ,
Variable | Meam  .SD  Mn Max
o . ] ) .o ~ »

Age (years) 286 ° 48 19 35
Height (cm) » 1774 . 57 1165.3 189.5
Weight (kg) - 747 - 95 - 56.8 9%
pVO2 (L/min) . 233 57 117 3.4
pv02/kg(ml/mm/kg) 311 70 . 178 476
HRmax (bpm) [ 167 15 141 187-

LY

35




Sectlon B

L
TR

Oxygen Consnmption and Heart Rate durlng Light, Medium and Heavy Tasks
under Criterion and Simulated Conditions
)

a) Oxygen Consumption

Oxygcn consumptioh as presented in Table 2 and Figure 4 mcreased during both
trials of the criterion and the simulated tasks as the level of intensity mcreased but the
increase was less marked in the SH levels.

TABLE2 -

Means, Standard Deviations and Ranges of Oxygen Consumption (L/min) for Criterion ‘.
and Simulated Types dunng Light, Medmm and Heavy Tasks for#tials One and Two .

TASKS - — TRIAL ONE ‘ —TRIAL TWO

- "Mean_SD__Min__Max__ |Mean 8D Min Max
. . . {
CL 477 077 338 635 | 472 .084. 336 ..664
SL | 449 073 325 624 | .450 .086 .34l 683
cM 697 .103 474 871 | .694 .098 498 859
SM 674 149 428 1.095 | .689 .145 372 * 981
CH: 898 .152 623 1.229 | 932 136 .677 1282
SH | 756 .189 .481 1358 | .73 .180 .474 1.430

J



URE 4 * .
Mean Oxygen Consum on for (:riterlog and Stmulated Types Comparing Trials One
and oduring Light. Medium and Heavy Tasks
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The same trends were present when V02 ‘was examined relative o the subject's

body weight, as seon in Table 3 and Figure 5, and were repeated again when the

percentage of pVO3 was calculated in Table 4 and Figure 6 which follow.

TABLE 3
Means, Standard Deviations and Ranges of Oxygen Consumption per Kilogram of
Subject's Body Weight (ml/kg/min) for Criterion and Simulated Types during Light,
o Medium and Heavy Tasks for Trials One and Two .

19

TRIALTWO __ ~

TASRS | Mean SD  Min Max [Mean SD — Min W
CL 64 8 51 84 |63 9 42 83

SL (61 9 35 78 |60 10 41 17

oY 94 14 67 122 |93 13 63 120 .

- SM 91 23 's4 153 |93 22 53 138
CH  [121 23 83 1713 [126 20 79 160
SH 1102 24. s5& 152 |98 21 62 149

FIGURE 5

‘Mean Oxygen Consuinbtionpcr Kilogram of Subject's Body Weight for Criterion and
Simulated Types Comparing Trials One and Two during Light, Medium and Heavy
o Tasks _
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TABLE 4

.

- Means, Standard Deviations and Ranges of Pen of Peak Oxygen Consumption
‘v for&‘iwrlonmdSimulatedTypuduﬂmuﬁ,o m and Heavy Tasks for Trials
TASKS [ Mean 8D Min =~ Max — [Men —SD . Min Max

X CL. 214 45 il.? 35.1 21.1 43 144 325
SL 203 53 125 353 20.2 53 139 41.5
oM 315 84 205 652 31.2 7.3 224 599
SM 308 10.8 173 634 313 104 183 639 |,
CH 409 13.3 189 932 423 118 29.2"85.4
_SH 339 9.7 209 58.1 32.6 8.4 23.0 157.3

FIGURE 6 '

Pcrcentgtg’e of Peak Oxygen Consumption for Criterion and Simulated Types Comparing

Trials One and Two during Light, Medium and Heavy Tasks .
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b‘) Heart Rate

, As seen in Table 5 and Figure 7, heargrate increased moderately as work
intensity increased from light to moderate, but did not show much change as the
intensity increased from moderate to heavy during both the criterion and simulated
tasks. The overall trend observed as the work intchsity increased from light to heavy
was parallel to that observed for VO3.

TABLE 5

|

/

Means, Standard Deviations and Ranges of Heart Rate (beats per minute) for Criterion

and Simulated Types during Light, Medium and Heavy Tasks for Trials One and Two

, TRIAL ONE_ ~ TRIAL TWO
“TASKS Mean__ 3D Min | Max Mean 3D  Min  Max
CLC 84 131 66 11 3 132 0 112 ‘
SL 83 150 62 123 83 130 54 112
M 91 165 69 141 91  17.1 66 141
SM [ 87 167 67 145 88 155 59 138
CH 92 148 71 141 93 150 65 125
SH 88 146 67 134 87 138 . 59 117
FIGURE 7 .

Mean Heart Rate for Criterion and Simulated Types Comparing Trials One and Two

during Light, Medium and Heavy Tasks

—
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c¢) Oxygen Pulse

)
As shown in Table 6 and Figure 8, when oxygen pulse (the amount of oxygen
consumed per heart beat), was considered there was a distinctive increase with
increasing workload.

. © TABLE 6 ' :
Means, Standard Deviations and Ranges of Oxygen Pulse (millilitres per beat) for
Criterion and Simulated Types during Light, Medium and Heavy Tasks for Trials One -

and Two \
TASKS Mean SD —Min  Max Mean SD Min  Max
CL 5.8 1.1 373 91 7138 1.3 34 85
SL 56 1.2 34 9.0 56 1.3 34 8.7
™M 7.8 1.5 49 120 | 7.8 1.6 45 11.8
SM 79 19 5.2 11.7 8.0 1.8 5.0 115
CH 99 19 74 142 110.2 2.0 6.3 14.5
SH 87 23 5.5 153 | 8.5 . 2.1 5.0 146
FIGURE 8
Oxygen Pulse for Criterion and Simulated Types Comparing Trials One and Two durin g
: - “Light, Medium and Heavy Tasks '
011 i A L i i - ] A Il . |

| cmmERION | SIMULATED




Ratings of Perceived Exertion

Summary data of the RPE reported by subjects at the end of the criterion tasks
are presented in Table 7 and Figure 9. RPE's increased from 8.6 (very light) at the CL
level to 11 (fairly light) at CM and 11.4 (fairly light) at CH. There was little difference
between CM and CH. The values selected by the subjects varied widely at each task
level and the highest values were at the medium task levels.

-,

TABLE 7

Means, Standard Deviations and Ranges of Ratings of PArceived Exertion for Trials One
and Two .
TRIALONE TRATTWO
TASKS Mean 3D Min __ Max Mean D Min  Max
CL . 3 8.6 1.7 6 15
CM 17 110 1.8 8 16
CH 14 112 1.6 9 14
.FIGURE 9

Ratings of Perceived Exertion for Criterion Types Comparing Trials\One and Two
during Light, Medium and Heavy Tasks
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a)OxygenConsumptnon | .

Thc«con'elauon coefﬁcxems between trials one and two for CL ‘M, and CH L
(Table 8) 1nd1catcd hlgh test-retest rehablhty ' '

2

.

" g TABLE 8 :
Corrclauons of Oxygen Consumptlon between Trials One and Two dunng nght
‘ Medmm and Hcavy Tasks at Cntenon and Sunm m Levels T i

. R ,f.";.._ TRIALONE TRIALTWO
L TYPE TASK ﬂ LIGHT MEDIUM L

(|CRITERION »'.LIGHT : 85 ‘: . .74 67
I R ' MEDIUM 58 | a4 1

[ MEDIUM s | 85 | 5
| mmavy o 1 .46, ";“;87»

1' All correlatxons werc 51gmﬁcant at the alpha O 01 levcl n= 30

Yy . k_ . ) v’
[% L oo
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S The mtraclass comlati 3 '.cocfﬁcx,ent was also calculatcd to. estxmate the test-retest Cb{.‘ G
U ‘rehabihty °f the BTE (Table 9) The values Wcre very snmlar o thQSe fOund'm Table 8 .
e suppomng test-retest rehabxhty R |

»
R ' TABLE 9
Intraclass Correlanon Coefficxcnts between Trials for Oxygen. Consumptxon
for Criterion and Sunulated Tasks at ;.:ght, Med1um and Heavy Levels n=30..

[ CRITERION | LiGHT | .85

| R Y
_ lmavw | m
- SIMULATED ”L}IGHT'"}' 81
T ‘MEDIUM | 85
| mEAvY | 87




‘“t,fandshnunnaduumm wnneahnoaade"

o "; ‘: Mean values obuuned durmg wsting and netestmg rable 2 and Figure 4) for critenon

“the thxee-way inmﬁdd-{ it i (fie'a
o _(Append:x F) post hoc results were exammed to detcrmine the locanon of si ificant
o dxﬁ‘erences (Table 10). No s1gmﬁcant differences were found betwecn tnals and
two at any level, substanuat:mg high tcst-retcst rchabhhty Expressmg the V02 relanve
to the Subject s pVOz (Table' 11) produced an 1dentxca1 pattern l'

R . ' TABLE u)' | ‘
Mean Oxygen Consumptxon (I'/ min) during Light, Medium and Heavy Tasks at Tnals
| One and Two for Cntenon and Slmulated Tasks n= 30 : ,

. TYPE

'TASK

| TRIAL ONE

LIGHT

7 477

472

CRITERION

..6941 '

| MEDIIM
HEAVY |

6971
8982

9322

" |SIMULATED

LIGHT .

449 |

A

450

MEDIUM _

6741 .

6891

©

_| HEAVY

. 7562

7302

iy

2= Medmm Heavy ) R )_ F values sxgmﬁcant
) atthe 0 05 level.

. a= Criterion - Simulated for thyensny L R : E
':TYPE*TASK*THAE P=<00 L / T e



O Mean Pcrccntagc of Peak Oxygen Coﬁ?
R e “‘Tasks-at Trials

LE 11 ‘: :

non dunT:'g Lxght, Medmm and Heavy ', e

W ;
) a:a e

for Cntenon and Snnulawd Tasks n= 30

TYPE

ask |

~ TIME

“TRIAL ONE
214

| TRIALTWO

21.1

3151

3121

40.92

- 4232

3

20.3

202

L

30,81

33.92

322624

1 =Light -

ium -

2 =Mediuny- Heavy

. a= Cntcnén Sxmulated for the same mtenslty

TYPE*TASK*TIME p— <0.01

) -
) F values mgmﬁcant
) at the 0.05 level




i ;b) Hearﬁ'ate ) |
o - “"‘ \mm

All correlation coefﬂclems between trials for HR were signiﬂcant (Table 12)

I These were moderately high for CL, CM and CH respectively, although somewhat

lower than for VO, Modemtely hxgh correlauon coefficients were. also observed for -
SL, SM,and SH, u‘xdxcatmg good test-retest rehablhty of these measurements under -

these condmons S » o ia
| S TABLE 12
Con'elanons of Heart Rate between Trials One and Two dunng Lxght, Medmm and
. J Heavy Tasks at Cntenon a.hd Slmulated Levels T ‘
Rk TRIALONE-'IRIALTWO ]
= ~ TASK LIGHT | MEDIUM | HEAVY
|CRITERION | LIGHT | .59 .64 5é ,A
B | *vePUM 65. | 74 '
N G =3 K %
.‘ ] HEAVY | 60" .69 4
. |svutatep leulhr | e | 63 | ds7
_ lmepom | g0 | g8 |6
* HEAVY 70 | 6 | 70

. [

‘ ’ ‘ - - . ‘ ) . . - ]
- T All correlations were slgnificant at the alpha = G level. n= 30.



~

- 13) and the values*Wevev Sm:ilar-to those in Table 12 suppomng test-reuest reliabxlity

Intraclass Correlauon Coefficlents between Tnals for Heart Rate for Criterion and
Smulated Tasks at Lxght, Medmm and Heavy Levels n = 30.

PN

TABLE 13

'Y

|CRITERION | LIGHT .60
MEDIUM | 75

| | HEAVY a5
SIMULATED ~ | LIGHT | .64
 MEDIUM .79

HEAVY 71




s ‘:Wcrnlmoatsﬁenncal within eaem:f the threx t‘ask éaté‘g&ﬁésﬂ\s ‘the thres

LY

Mean values of I-IR dunng criterion and simulated tasks (Table 5 and Figure 7) ;"‘
Way' S

o 'interaction term in the analysis of variance for HR was not signiﬁcant (Appendix F) the \

two-way mteracnons (Type and Time) were examined to determige whether there wasa
mgmﬁcant effect over time, pooling the data from the third factor (Task; hght, medmm
and’ heavy) as shown in Table 14, There were no significant dxfferences in the means

,between trials for either cntenon or smmlated tasks : : -

TAB LE 14
: Mean Heart Rate (bpm) for Criterion and Simulated Tasks At Tnals One and Two
© (Light, Medmm and Heavy Levels Collapsed )t

R _TRIALONE _ “ | TRIALTWO
CRITERION | sss . 1 893
|smuraep 0 | 862 , 2859

TYPE*TIME: p=>001 TYPE: p=<0.01 * ' p=>001 -

T There were no significant differences between trials at the alpha 0.05 level. n = 90
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Criterion  Validity

a) Oxygen Consumption

‘ All correlations between criﬁnon and simulated tasks were significant (Table
15). These varied from highs of r='0.81 and 0.83 for the light tasks, for trials one :
and two respectively, and r = 0.68 and 0.75 for the hety%t“asks. to lower but still

significant r = 0.56 and 0.52 for the medium tasks indicating varying degrees of

- validity. | \\\ |
AN  TABLE 15 S
- Correlations of Oxygen Consumptlon betwes Criterion and Simulated Tasks during
Light, Medium and Heavy Tasks at Trials One and Two.

CRITERION-SIMULATED
CTYPE | TASK LIGHT | MEDIUM | HEAVY

|TRIAL ONE LIGHT | 81 | 41 | s8¢
o MEDIUM 66 | .56 59

| mmavy . .63 62 68

—— e : 2

TRIALTWO b nUIGHT | 83 .55 71
MEDIUM |' .84 52 69

'HEAVY 81 50 %;75

1 All correlations were significant at the alpha = 0.01 level. n = 30.



- . | \
l\(eanvalues('l‘lbleZ)forCLandCMwaeverysimilarwSLandSM o
T respectively. but SH was notably lower than CH for both trials as illusn'a’fﬁi in Figure ,
10, The same pattern was observed when % pVOz was examined ( Figure, 11). |

FIGURE 10 |
"~ Mean Oxygen Consumption Comparing Criterion and Simulated Types during Light,
. - Medium and Heavy Tasks for Trials One and Two

TYPE C s €C s 'c s ¢ S € s c s
. 1
- TRIAL ONE - , TRIAL TWO
C= CRI'I'ERION S = SIMULATED




Percentagc of Peak Oxygen Consumption Comparing Criterion and Simulated Types
during Light, Medium and Heavy Tasks for Trials One and Two -
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oc analysis of VO, values mdxcated that there were no significant
differences betw‘ B criterion and simulated tasks at the light and medium levels,
however, there were 51gmficant differences between criterion and simulated tasks at the
heavy level (see note 2 Table 10). These results suggest that the BTE was accurately

simulating only light and medium tasks.



R 3

All correlation coefficients were significant between criterfon and simulated task:
ranging from r = 0.88 to r = 0.95 (Table 16) indicating very high validity.
“ ~ TABLE 16

Correlations 6f Heart Rate between Criterion and Simulated Tasks during Light,
* Medium and Heavy Task; at Trials One and Two. +

CRHERI(?N-SHMULATED
___TYPE TASK LIGHT | MEDIUM | HEAVY
TRIALONE . LIGHT .88 .85 77
| MEDIUM 8 91 84
HEAVY _ 7%5 .87 .91
TRIAL TWO LIGHT 95 .84 _.89
MEDIUM | 93 92 .89
HEAVY. 92 | .83 .90

T All correlations were significant at the alpha = 0.01 level. n = 30.
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Mean HR values (Table 5-and Figure 1Y)were very similar for CL and SL but

both SM and SH were lower than CM-and CH respectively.
FIGURE 12 ’

Mean Heart Rate Comparing Criterion and Simulated Types dunng nght, Medx

Heavy Tasks for Trials One and Two
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Asthcdiffmncebetween Whhwuhdﬁmmudatlﬁomthisfmorwu
pooledso that the differences between the criterior and simalated tasks could be
examined at each lovel of work intensity. Analylio of v  found significant
differences between simulated and criterion mes values at t medium and heavy level
(Table 17) with lower simulated HR values. This suggests that although subjects' paire
HR scores tended'to vary in a consistent manner, there were differences between the
smmlated and criterion tasksra‘t medn.gx and heavp ysk levels.

‘TABLE 17
Mean Hcart Rate (bpm) for Criterion and Simulated Tasks at Light, Medium and Heav:
~ Levels. Trials One and Two Collapsed n =60 .,

TYPE | . TASK
V LGHT | MEDIUM | mEAVY
CRITERION _83.5 91.2 92.4
SIMULATED | 82.7 87.61. 87.9%
TYPE*TASK- p= <001 "TYPE: p=<0.01 TASK: p= < 0.01 '

t Criterion -Slmulated F values at the alpha =0, 05 levael

CRRITE I
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Intercorrelations Between Oxygen Consumption and Heart Rate «.

, Intercorrelations between VO3 and HR were not significant in most categories
(Table 18). When this was calcluated with V02 expmssed as a percentage of the
individual's pV02 (Table 19) the correlation coefficients were significant in all but two
ctegories (light and heavy simulated tasks).

TABLE 18
Intercorrelatxons between Oxygen Consumption and Heart Rate for Criterion and
Simulated Tasks for Light, Medium and Heavy Tasks At Trials One and Two.

“ e
o

* ‘ VO; - HR
TYPE . TASK | TRIALONE | TRIALTWO
CRrrERIosN LIGHT 19 04
MEDIUM 25 11
HEAVY 41t 19
SIMULATED LIGHT 20 e .10
..MEDIU;% |- 3t _ 33t
} HEAVY - vy 23

t Correlations were significant at the alpha 0.05 level. n=30.
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| CHAPTERV Ll

Charactenstlcs of Partrclpants :

1

o The absolute and relauve VOz and HR values of the subjects i in thrs study were
. compared w1th those of previous researchers m J‘able 20 Itis ev1dent from the table that .

‘ the mean pV02 was wrtkun ‘one standard devxatron of the values reported by all the

- -“,researchers mdrcated, except the values reported by Falkel Sawka, Levme, meentaI
f'& Pandolf(1986) T : B o

- The mean maximum: HR;('167 bpm, S. D 15) was also thhm one standard |
devrauon of that reported by Washbum & Seals (1983, 1984) but was lower than the
‘mean HR reported by Davrs, et al. (1976), and Pollock et al (1974) as presented in

~ Table 20 '



o Investl- Subjects Age pVOQ m:tf pVOz - HR

lmators - ¥rs: L/mln . ml/kg min'__ - bpm
|swdy 2300 T 26k48 < 2.33:0.57‘ 311:1:7 C167%1s.
Sl volunteers - R o
- [Falkel et al.” L '
1986 9. - 26%2 5»3.07:0.14‘ ' 39.91‘1;4’ 1763
o volunteers =~ SRR L

ngs'hbum&s_éals-r’-" S U
ol L2036 16“ 2551045 U342 £53.  174t14

. , phys. ed students
Washbum&Seals SRS

S ess a0 311:56‘%‘_', 253£061 33857  1f1t12 |
Lo - aembic trained . - o L ‘ Low
1976 . 30 - 225326 23410399 31.0+42 184+ 124
. students R L T :
Pollock et al. Coe T ,
97%4° 1. 0 i3y e Tt RN
-, sedentary - untrained , 193204 233%36  176t12 .
: fsedentary @amed : 265+05  325%4- - 1792 15
o8 R ;fontrols,-untramed 217303 260%41 . 186£173 -
1o " LEdisbled-unained 138403 205t4 181 £ 17.2
S _L.E.disabled -trained 223%04 244243 1802229
Ve Sl PR = : / B o
Test-Retest Reltabthty and Cntenon V@rty i LR

aw,

’ Smce % sxmllar studres on tl* BTE have been done, 1t 1s not pqssrblé to ‘
compare the present observanons with related research on thls instrument.

* The evrdence prov1ded in this study mdrcated that both \?02 and HR
measurements at the three work mtensmes on the BTE were reliable. The somewhat
lower between tnal correlatron values found wrth HR measures (Table 12) can be
explamed by the many extraneous factors whrch affect HR' such as. food mtake,
caffeme, mcotme medrcanons, the size of the exerctsmg muscle group, room
temperature, and anxrety levels. In this smd};'

o

subjects were. grven pnor wntten and



other authors (BOrg, 1982 Pandolf 1983, Shanfield, 1984 Shephard l987b p.16).
" "The correlation coeﬂ'ictent, Pearson’ st, can tell us whether a relanonshlp exxsts
between two vanables and the strength of that relatlonslup By squarmg the coefﬁcxent

'j't‘x'veen and within mdrviduals. as found b;?"“ R

. we find out the proporuon of total vanabxhty of qne vanable which can be accounted o f -

. for by the other vanable (the coeffictent qf detertmnauon) Even through correlation
coefﬁcrents such asr= 0.50 or 0.60 are consrdered falrly hxgh correlatrons of thlS
magnitude account for only 25 to 36% of the variability (Pagano, 1986, p.121).
- Clinicians must always keep this in mrnd in mterpretmg the results of correlatronal
studies as such correlauons indicate many other factors must also be i important.
o The vahdrty of the BTE was consxstently demonstrated at the light work mtensuy
by both. V02 (Tables 10 and 15) and HR. (Tables 16 and 17) HoW’ever, results were .
confhcung at the medrum work mtensrty level. The somewhat lower correlatlons for
VOz may be due to the fact that upper extrermty work was being performed at shoulder
- herght Thxs involved the use of small muscle groups, whxch faugue more qurcldy when
, workmg above shoulder level Work at tlus elevanon stgmﬁcantly increases
‘ physmlogrcal stress (Astrand & Rodahl, 1986 p. 192) Under thts already more
o stressful condmon subjects may have varxed thetf pacmg comnbutmg to greater :
_ vanauon in obtamed V02 values. : RN : _
' 'I'here were no sxgmﬁcant drfferences between mean cntenon and srmulated VOz
‘ va.lues at the medlum work intensity, supportmg criterion vahdrty It should be noted
that HR correlations- bétween criterion and s1mulated tasks remamed very high at this |
level (r= 0. 91 andr=0. 92 on trials one and two respecuvely) mdrcatmg that SubjCCtS
, were successfully mamtarmng a constant heart rate desprte drffenng rates oﬁene{rgy

*o.

utlhzauon However, there were: sxgmﬁcant dlfferences between mean CM and. SM HR 5 ..

| _ values It may be that the SM taskallowed the subject to unhze some trunk and leg
- musculature as well as. ann and shoulder muscles (in other words, sway forward and )
backward to help push the tool) whereas in the CcM task swaymg of tlus type-would not '
have been partrcularly helpful and the subjccts were more hkely to“'ﬁse only ri-and '

- shoulder movements, wluch would be»reﬂected m a higher. HR in the cnterlbn task o
Although statrsuc‘fally srgmﬁcaht ntthe %ean d1fference was very small (3 5 béats per

' rmn wrth standard dewatlon s ‘gmg from'15.5 to 17. l) Uy ‘
Cntenon vahd:tty was not demonstrated atthe heavy work mtensrty*Where

Sllb_]CCtS con51stently had 51gmﬁcantly lower VOz ('I‘ables 3 and 10) and HR (Tables 5

N




R ‘and 17) values whﬂe paforming on the B’lB. \The restncted movemeutpﬂms 18 0 .fﬁ“’

r:\ctt ‘l){'

2

i srmulated condmons this was not a linear i increase with both medium and heavy tasks

-

idin gﬁe mavm may ha

subJect Tlus efl‘ect could be expected to be most pronounced at the lnghest workload
where the mvolvement of trunk and upper arm muscles was gréatest. . . .

g It may be that subJects had more dlfﬁculty Judgmg the amount of reslstance '
requtred to match t ' e the
they were doing ifthe simulated condmon Ina study of males esumatmg their lifting -
~capacity, Mital ( 1 T : 3) fotmd that males had dlfﬁculty esumatmg in a 25 minute penod !
" how much they 6ou d hft,for an 8 hour penod Therr 8-hour amount hfted was only

' ;’ ' 65 %ofthe amounttheyhadesumated after. #25 minute tnal o m

" Another explanauon may cgmc fmm the work of Astrand & Rodahl (1986, P~
188) who found that HR tended to ﬁfmase linearly W1th the increase inyfate of exercrse B
 but excepuons were,most common in untrained subjects. Pameularly when carrying out

" heavy c, the a-'vOz difference (the extractxon of oxygen from the blood) may

that the oxygen uptake mcreases relauvely more than the cardlac output. The
subjwts in thlS study were of average fitness as mdrcated by their pVOz ‘values durmg

. arm ergometry, and they had only a brief opportum become accustomed to thc

\ materta.ls handlmg tasjrs that they were required to perform in this study. -

~ Although HR. mcreased fmm the hght to heavy tasks in both criterion and

havmg very sumlar values (Table 5). This can be explained by the fact that the three . " :
l!'tasks were qurte drffcrent from each other and were not, as in many expenmcnts WCh
have found linear HR i mcreases the same task (eg bicycle ergometry) wrth 1ncre$1ng

' amounts of resistance. -

©

Although RPE values mcreased with m*crc\asmg workloads (Table N, there was
not the separauon between rhedlum and heavy that was expected and both medium and
heavy tasks were percetved as "farrly light". This indicates that the expen judges were
not in fact able to cla551fy the tasks appropnately smctly on the basis of their bnef trials

‘ and observattons and emphasrzes the need for more objectrve information.
;,h \ Another complémentary explanauon 1.s that the subjects had been mstructed o

; w} hose a pace they could cbntmue for a full work day As mentioned prevrously, the )
? work by Mital ( 1983) mdrcates that this may be quite difficu for subjects to Judge (and

maybe as drfﬁcult for the experts) However, if the expert Judges had been allowed to ‘, p

s
. ‘A
o



determme an appropnate pace fm each oﬁthe tasks. thtsuproblem rmgl\;have been
avmded o A

Work Classtficatton

} | As mdtcated earher, the three way. mteracuon of the analysts of vanance for V02
"was sxgmﬁcant, mdtcanng that there were diffetences between the three tasklevels .
'(light medium, and heavy) for criterion and snnulated tasks on both trials (see notes 1
and 2, Table 10) with the excepuon of the SM and SH categones on both tnals The
SH tasks appear to have been consistently lighter than their counterpart criterion tasks.

| ‘Oxygen consumption increased as work intensity increased with thé CL, SL
™, and SM’ tasks falling within the respective "hght" and "medmm" categories
suggested by. Shephard's ( 1987a) work classification system None of the htghest

V02 values for the hght and medium tasks were above these categories.
~ However, oxygen consumption dunng the CH and SH tasks was below the "heavy" '
categories in both these systems, falling on average, in'the "medlum" category. "Some
of the maxunum values were in the "heavy" category decording to Shephard's system.
~ Using the. classxficanon system suggested by Durnin (1967, as cited in McArdle
et al,, 1986) all values were in the "light" category, with some of the maximum values
for heavy tasks in the "medmm" category. This classﬂicauon system does not
specifically dlstmgutsh between arm and leg work. _
- When VOz relative to body weight was exammed (T able 3), all categories were’
within the "light" category according to Durnin's classification system (1967) which is
: the only one which gives values for this, variable. Only the maximum values for the CH
tasks were above this, being in the "medium" category, o
Percentage pvo2’ (Table 4) increased as work i 1ntens1ty increased. Sub_]CCts
~had been 1nstructed to work at a pace they could continue for a full work day.
@Accordmg to Astrand & Rodah] (1986, p. 487) and Shephard (l987a) this would be
between 30 to 40 % of the subject's VOmax. The mean values for all tasks
: approx1mated this guideline. The same authors gave 63 to 76% as acceptable upper
) limits for work of one hour's duraton. When the maxtmum values were examined i it .
’ could be seen that af the CH level this gutdehne was exceeded and some subjects g X
: reached 85.4and 932 % pVOz a pace they could not likely have matntamemen for
_‘ an hour. Conversely, in the light tasks, subjects were workmg well below the 30% .
- guldelme underesnmaung their fattgue levels. .



- “mcreasing workload. 'I'his mcrease did not show up when HR was examined alone as -

7 thei mcmasmg oxygen transport could hﬁve been accomplrshed with larger stroke

volw i&proved efﬁclency of oxygen uulmtxon in the muscles (Astrand 0
198 7) | .

' Int’erconrelatlons Between Oxygen Consumptnon and Heart Rate

Therc is generally a linear relanonshrp between relative VOz and HRin .
K sxtuanons unhzmg large muscle groups such as the legs (Astrand & Rodahl 1986,
p.493). 'I'he use of the upper extremmes in the tasks chosen for the study may explain
the relanvely low con'elauons, because of the-use of small muséle groups and the one
taSk (medrum) in whrch subjects worked above shoulder level.
| An addmonal explanauon is provided by Shephard (1987b) who noted that with -
‘ leg exercise this relanonshxp departs from linearity if the effort is less than 50%0f |
| V02max The mean peroentage of pVOz in this study ranged from a low of 20% on
: sxmulatéd light tasks to a high of 42% on criterion heavy tasks (Table 4) mdlcatmg that
the subjects were not working at a high enough percentage of their maximum capacity to
~ beinthe range where hneanty between V02 and HR could be expected This would -
' bhkely be evegr more pronounced with arm exercxse : .

o
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'sunyiMAuv AND CONCLUSIONS ~  ~

Thuty male volunteers parucxpated in three laboratory sessions to determine the .
test-retest reliability and criterion vb.hdlty of the BTE. was done by having subJects
K«perform three repetitive upper extrermty tasks.en the BTE which simulated three

jterion tasks. The tasks’ gwere subjectxvely classified by expert judges into hght
medium and heavy camgg_dqs. Asno du‘ect method of comparing the tasks was .
avaxlable, measures of \7'05 and HR, both valid measures, were obséived durmg both
criterion and sxmulated\condmons RPE \was also obtained at the end of each task. In
addition, in a prehmmar;? session, subjects performed an arm ergomeuy testto '
determine their pVOz This made it p0551ble to calculate and examine %pVOz under all -
task conditions and tocornpare the subJects to other studles o
- Correlauons between trials of the. same task for VO3 ranged from = 0.74 -
0.87 and for HR frém r = 0.59 - 0.78. These were significant and indicated test-retest
reliability. Post hoc examination of the analysxs of variance of the mean values of types
of tasks at each level of i mtensrty revealed no sxgmﬁcant d1fferences between trials for
'both these variables. - '

Criterion vahdxty varied accordmg to factors such as the type of work (eg. height

DR v ]

TER.VL . e e

above the shoulder), the pace of work, and the abxhty of humans to accurately judge the .

_ vres1stance reg mred on the BTE. These factors appeared to have had the least effect at the

' = 0.81 and 0.83; for HR r = 0..88 and 0.95, indicating high criterion
vahd1ty at hght work intensity. CM-SM correlauohs for VO%t were r = 0.56 and 0.52;
-for HR r =0.91 and 0.92. The lower VOz correlauons may be related to the nature of
- the task which was above the shoulder level. CH-SH cqrrelauons for V02 were
r=0.68 and 0.75; for HR r = 0.91 and 0.90. The. V02 values were sxgmﬁcantly
. different between light, medium and heavy work mte*n&mes except for SM and SH.

Cntenon-smulated post hoc compansons for V02 revealed a lack of similarity between

CH SH. If appears that the subjects underestimated the : ount of resxstance reqmred
on the BTE to sxmulate the criterion tasks. Similar ¢ compan "ns for HR revealed a lack
of sumlartty between both C%\- SM and CH - SH. '

‘7 o

11 cntenon-51mu1ated correlauons were significant. CL-SL. correlations -

45
p
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In using the B'I'E 0.8 ulatc and theneby predxct an mdivrdual S abiltty to carry
- out work tasks, thmpxsts must keep several factors in mind.
1) TheBTEcan seldom be set up to simulate a whole task with one attachment.
e Most tasks can be simulated only by piecing together the various elements with
separate attachments This changes the pacing and the physxologxcal demands of
the task ’ -7 . : ‘ . i
2) . In hght tasks mdxvxduals were quite accurate in judging the amount of resistance
o ’\ needed to rcphcate the cntenon task but as the tasks became heavier they
mcneasmgly underestimated the required resistance. Themplst§ can compensate
. by mcreasmg the resistance at heavier levels, however the best solution would -
o be to obtain actual measurements of the force required in the specific tasks.
, While theraplsts seldom have this mformanon readily avarlable, with .
collaboratlvc efforts, it may be possible over time to build up a data base of force
-~ requirements for typical tasks. .
3) Subjecuve estimates of the intensity of work are difficult for even expert judges *
to make. Classrﬁcanon systems which do not give specific information about the
height of tasks and the pace of work are of only limited use. Therapists must
take these factors into account in evaluatmg the individual's abilities,
4) Occupauonal theraprsts are mcreasmgly being called upon to tesufy incivil -
courts of law as "expert witnesses" (Demalo-Feldman, 1987). Numencal
| findings, such as those produced by the dlient with the BTE are attractive in
such settings a#ertamly have a place in the evaluanon process, but the

0 'ectxve and those which can only be called subJecuve Several more stag%
. research are required before predrcuve vahdrty of the BTE can be established
" with non- -disabled subjects Extending that vahdlty to dlsabled subjects will
) :, obviously be an even longer process. . : ‘
" This study has not examined the use of the BTE to unprove strength, endurance
“and co-ordination, where its adaptablhty and objective feedb ; k-could be
’ parncularly valuable '

o W,
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Future: Studles ™~ o e

In future studxcs, it would bc useful to assess the BTE's validity by directly
measuring the work and powef requxred by tasks in the work place and comparmg them
with thﬁ same measures obtamed from the BTE data. In order to simulate the real tasks,
the paqﬁcof work would also need to be replicated.”

The numerous other attachments of the BTE also reqmre study. The type of
attachment may have a s1gmﬁcant effect on both reliability of the measurements and
valxdxty‘ : | ‘V"; :

Fmally, research needs to be extendcd to study the dxsabled populauons for

~which the BTE was primarily designed.
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L T Outl'inke;‘?‘iif ‘L‘)‘rocedures' :

ERRE e Departrnentof Occupational Thera py |
N RN, Faculty of Rehabilitation | Medxcme SO e e
N UniversrtyofAlberta n PR S
pooAeils —— .

| f "A Reuabimy and V hdity Study
~ of the. BTE Work Simulator™" -
Investtgater' L.E. Kennedy S *

. O'

e e
) B
o . Lo pa)

\, »
>

termine thé rehablhty and vahdxty of the BTE
involve atténding three separate sessions o
¢ apprgximately*orie hour each within-a two week period. Your height-and weight will be i

;- TECO! m){ our heart rate will be recorded using surface electrodes’and: your oxygen:
consum]plioqfwul Wasﬁred by samplinig the air you breattte out through a faceask. - -
In the first you will be shown six tasks. which you will. be. ﬂormm% *
the subsequent sessions. T of these tasks w111~mvolve\repeut1ve movementgsuch as
- pushing or pulling dbjeas¥ Three of the tasks will be performed on the BTE wark

simulator. Some of the tasks ill be harder thagsgthers. You will have a chance to Ty .

. The. purpose of the study isto de
smﬁulatmg real.tasks. The study will

each of the tasks to bec iar withthem, ¥ umﬂalsoperfonnagradedmaxunal '
. . exercise test on the metéikduring "yhich ‘héart rate, oxygen consump‘trom
and level of percexved exertion wi \ ‘ "%momtored\ by.. % ,
researcher whovis familiar with the Ame‘fiCan coueg *Sports cine ﬂdelmes

)

~ On'the second gession, a1 §nimum of 48 hours after the ﬁrst you wdl be asked
to perform the six tasks (for appfoximately five minutes each) aid be given a rest
interval betwesh each task. Your heart rate, oxygen consumption and level of perceived:-

- exertion will be measured. The third session, a minimuni of 48 hours later, will be the , ‘
‘same as the second. The total time mvolved fos all three sess1ons W1H b'e apprommately "
three hours o

You are a %ked not to eata heavy meal or engage m v1gorous physwal act1v1ty.
three hours pnor the testing periods. - <X
“The data collected wﬂl belong to. the Depamnent of Occupauonal Therapy and _
w111 be utilized in a manner that dff¢s not réveal your identity, _ e
@ will complete the ysical Activities Readiné uestionnairev,;
prov1d1 mformaudn at is accurate to-the best of your kn wledge. If at ¢

" during: the tests you: expenence any unusual discomfort - you will be alloked to o

" discontinue the act1v1ty or opt- out of the study without any obhgauon to-offér

explanation, e
e w effort wﬂl be.made. to answer any questlons you may have concemmg the
. “test pr ures or any other aspects of theproject Bl (,; e . =

“



Subject consent = - e . AT
I consent o participate as a subject in a-study entitled " A Reliability and Va‘lliditygiudy
- of the BTE ,&or’k imulator™" to be conducted by Lorian Kennedy. I acknaivledge that
~the resz?h ‘procedures described above and of which I have a copy have ‘been
. explained to me and that.any questions I have asked have been answefed to iy
- satisfaction. I'have been advised that I may withdraw from participation ‘at any time'
~ without offering any explanfition to-the investigator. By agreeing to participate-in this
_study, I hereby waive an ,le&al”rccqurse'against the University of Alberta or its
- representatives now and ip the'future, - - - ¢ oo T 0 g e

Name (please print): ___. 7 ,
.- ) *

Date:




e o?o mqn sense. is your basl qui

e firat step 1o take il you an pllnmng [
e«

g
xdvcise, and the completion of PAR-Q is a
Inc'uu un amount of phystcul activity in youe i

qu mo;t pooplo physlcql activity ahourum pose. uny piob!cm‘ov hulrd PAR Q hls been

T I deai Mnuly the small number of aguiis Jor witom physical acﬂvity might be inlppvopnale
. , 10 should have medical advice guc,mlhﬂanypc ot ncﬂvuly most suilable for them.
i

ing l!mc tew qumlom Pinse read them
t it it mpplies to’ you.

and check (/) the B YES or ;

YES NO. .~ -
ES NO P

v B ¥ : g
- Hag your docto?iver said y Q\n heart trouble" .

-

[

.. Do you hequemly have pdim inyour hun and cnesw
- 4

w

§ Do you often feel faint or hlvo spalls of severe dlzzmesa" R
K~
: Hu a doctor ever uiw blooe‘pvusuro was 100 mgn" - T -

5. Hu your. doctor ever todd you that you hm a bone or join

as arthritis that has been lggravulbd by exorclsc. or mcq

. wotu with lxercisd? N

~ ..‘ . .

. Istherea -g0od physical rmon not menllomd“re why yoh s
'ouow an qcﬂmy ogram even if you wnmoc tg? B ’

dual. increase. if. braper ex8reisd” pr

motes 90od litness  devalopment. whily d

6mmlz| . oF sliminating: discomto
X (ERCISE TEST.- Simp
- (sucl as.'the Tanadian Ho '’ Fi
ormo corhplex !ype may. béun

qmuwy lncuwnq basis, - ...
* restricted Or supervised acllvnly o mest yol
3pacific needs. at least.on. an initial. - basit
Check i your commBhty orspoc pvoqnms

'to holp you help yourul Many heaith bmuﬂl ubdl v wlm ngullr
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' RAW DA'PA
| Particlpant haracterisitc,s

L
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¥

.’A%z, HE{GHT WEIGHT pV02 ’ pVO?JxG »MAx HR

184
160
187"

-165
145
184

169
184

" 161

186
153
158

180§7

172

© 173
. 3152 .

181

182
156 .

143.
“183
167
148

141 -

142
163

3182

184

164"

T2

- 102
73

m .

76
76

69
54

79

48

«ST HR

67

64

97
75
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71

82

70

‘79
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11 81

.CRITERION EIGHT TASKS '
: - TRIAL ONE . TRIAL TWO .
1@" RPE ﬂ V02 VO2KG, RPE HR V02 VOKG
- . ) ' 4 :
10 1165 sz . 6.25 .m 1 gﬁ ’ 381 575
10 S 325 . 461 79
10 -79 4335 #s 9;_ 925 409, - 595
7 835 535 15 /T 825 4895 . 63
7 T7 .608 15 /8 95 . 6255 17
107 7 71 474 66 7 61 503 695
11 6° 719 544 77 6 605 459 65
12 ., 7 1135 57195 795 8 945 5065 69
13 7 91 4625 6 7 85 462 ' 6
14 7. 9% 6355 84 8 82 624 8.25
15... 13 8se .36l 6.05 11 1065 373 6.25
16 9 925 .44 6.1 10 81 41 5.65 .
17 - 8 735 .504 5.65 8 585 .45 5.05
18 7 66 4015 505 7 785 407 5.1,
19 9 75 479 6,7 g 675 5005 7
, N . . . N GNP
20 8 1055 ..602 7.1 9 105, . 7.55
21 8, 80 4475 65 .8 89 715
22 10 92 509 635 9 % g 6:15
23 10 835 4595  6.05 9 795 4425 ° \85
4.1 -8 855 495 63 7 86.5 v“as 595
25 7 61545 4885  6.05 7 74 461"
26 | 10 8 - 378 6.65 . 10 965  .3365
28 ° 9 755 4 555 9 83.5 492
29 8 100 ° 473586 57 8 .78 4755
30 7* 665 3335 56 7 6L5 3725
31, -8 ‘69" 6255 ;} ‘ 8 78 664 .
2° 8§ '718 479 54 : 8 835 -.562
33 13 74 4385 6" 15 4 805 4585
34 12 945 w454 5.05 - 9 755 . 3735
76 4165 59 3775



’

)
, CRITERION MEDIUM TASKS
# "¢ TRIAL ONE_ TRIAL TWO

LD. RPE HR 'VO2 VO2KG RPFE HR V02 VO2KG

3 12 141 766  11% 12141 703 106

S 13 875 _ 636 109 12 104 699 12 '
7 10- 9 .,.62 " 895 ' 12 107 666 9.65 P

] 13 955. 87 1215 13 86 7855 11 ’

9 8 80 7145 88 1195 7105 8.75
, 10 "0 <785 648 9 10 %8 69  8ss
e 117 9y 785 8475 12 12 70" 826 11.7-
w19 Res 11 4 116 .79 . 108

13 10 1055 741 96 8 87 . 7105 925 =
14 010 -925 7845 1035 . 12 9 8105 107

15 13 9 4735 795 - 13 112 4985 835

6. 12 92 - 555 .7.65. 11 1 805

7 9 8 - 7725  8.65 9 595  7.45

LABY 8. 695 6095 765 | 10, 3° 19 *

9 9 805 671 94 e ‘9 2.5 ..697 9.75 P

. , I B R % e 6 -

2 9 14 7005 8.25- 10 1135 824 - 975

21 10 875, .725. 106 11 104 . 784 “114%.... “ies

2 12. 9 J765 9.7 10 995 727 .91

23 12 955 6075  8.05 100 7195 67 89

24 \ 11 81 666 8.5 .8 88.5 .682 8.7

% _ o / 4

25 9 785 672 835 .9 765 7035 8.75

26 13+ 95 S675 10 12 109. 514 9

28 , 11 8 6995 97 -. 1197 766 10.65

29 12 104 302 9.65 13 85 784 945
30 ‘9 ) 345 1055 i ‘8 66 5185 . 8.65 #
] - . .

L3 Q10 729778715 209,05 10 815 8585 898k

32 12 " 7185  8.15 1295 . 7505 - 855

3 17 742 103 16 915 6915 945 )
343, 7 e 602 66 11 785 5665 625 <,
W35 - 137 715 533 7.59. 12 815 562 795 -

.
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CRITERION HEAVY TASKS , |
TRIALONE . , TRIALTWO "

g

I.D. RPE HR V02 -VOKG

"RPE HR V02 VO2KG.

e

10 1255 10945 16.55 STl 121 1003 152

3
5 12 895 7865 13.5 ; 12 1135 9325 1595
7 9 95 751 1085 - 10 112 ° 905 13.1
8 13 92 10235 143 11 905 9855 13.75
9 11 88 9835 121 13101 1.1195 13.8
o 10 12 865 9885 13.7 13 719 1.029 1425
11 11 705 983 139 , 11 695 948 . 1345
12 12 141 {12285 16.8 10 1245 1.085 1438
13 - 11 985 .83 109 12 925 816 Jo6
4. 11 955  1.0095 1335 13 . 96 L13s 15 - D
15 14 85 703 1.8 14 107 6765 1135
16 131055 775 .. 108 12 905 831 114/
17 10 77 987 1] . . 10 65 883 9.95
18 8 78 a3 91 9 815 821 103
19 11 - 81.5 10035 14.05 o179 985 13.75
20 11 1115 9235° 109 . S99 112 1047 12.35
21 11 95 965  14.15 _ 12 100 9495 139
22 - 975 9095. 1135 . 9 955 899 ' 112
23 13 915 8715 11.55 .13 875 8175 10.8
24 9 88 894 114 9 - 93 873, 1115

B
11 - 84 9685 - 12

13 1085° 818 14¢d
11 103 10205 14.15

257+ 11 . 845, 929
26 4 97 715
28 11 88 . 6465 .

29 11 101.5  1.0295 12 855 10635 I2.8
3. 12 87 1.0415 9 74 93 . 1545
31 11 . 1.1655 100 885 1282 1335
32 11« 7405 84 10 845 8135 925
33 14 ‘8.5 8105 111 e 03 9225 126
34 11 785 .746 825 ' - 19

35 13 713 623 - 88 :



SIMULATED LIGHT TASKS

‘ TRIAL ONE | " TRIAL TWO_ i
ID. BTE HR V02 VO2KG HR ‘
3 9 123 4145 625 1115
5 12+°765 355 6,08 : 94
7 11 855 4155 6 101.5
8 .5 895 546 765 75
“9 . 14 82 569 7 87.5 |
- . . . \\\\ . -
10 120 705 4303 5.95 , NI0 4315 6
11 . 18 615 * 455 645 64 5355, 76
12 13 115 564  7.75 100 531, 725
I3 12 8 408 53 82 3965 2.
4 %15 865 5575 135 : 83 . .51 6.7
16.° 06, 665 337 6 99.5 3405 57
16 ¥15 8 - 436 6 : 80 3515 485
17 ‘14 735 4245 475 , 535 4355 47
18 10 76 424 ° 53 \ . T15 4025 525
19  ,10. 735 4055 57 0 & 76 422 59
a2 216 M7 ss8s - 66 LY 104 648 765
o 21 Mg gy 415 605 - 9 4805 705 -
22 . 13 855 4725 59 865 462 . 575
. 10 8 382 505 77 402, 53
24 10 805 4435 565 8 389 495
25 12 725 53 66 o 74 4545 565
26 - 13 885 3975 -7 . - 97 3585 . 63
28 14 695 426 59 T8 415 66
29 13 96 446 535 71 487 585
30 16 645 445 74, . . 63 343 ., 57
: s , - Lo -
31 14 695" 785 683 - 7.1
32 12 765, 84 - 4485 5.1
"33 13 68 76 4276 585
.34 13 89 76 3625 4.05
38 127 745 81 3695 © §.25




I.D.  BTE HR

35

3

5  &38
7 " 32
8 46
9 42
10 37
11 42
12 36
13 28
14 38
15 49
16 40
17 33
18 41
19 4-
20 45
21 39
22 . 40
23 39
24 - 32
25 32
26 31
28 39
29 35
30 49
K1 § 35
32 51
33 - 3
34 40

35. 28

B
*,

.

'SIMULATED MED}gM ﬂsxsi |

428

6.1

TRIAL ONE
V02 'VO2KG
1445 7445 1125
83 5645  9.65
90.5 .5875 - 8.5
1035  1.095 15.25
86 907  11.15
76 6625 9.2
67 7125 1005
1285 814 111
885 .5235 638
9 718 95
87 615 1035
87 632 8.7
665 5305  5.95
115 592 745
825 867 123 -
1045 8105 , 9.6
9.5 6635 9.7
91 754 94
84 - 54 71
795 531 675
745 .59 7.3
915  .509 - 895
725 5915 8.2
105 6635 8
73 856 1425
705 808 8.4
8 8025 9.1
81 6095  8.35
805 48 5.4

745 3715

TRIAL TWO i

HR V02 VOYKG
" 138 71505 11.35
~90 606 104
102.5 .536 1.75

92.5 9055 12,65

95 8365 103

70 6275 8.7

L5 824 1165
104 745 102

855 5845 7.6
855 724 9.55
102 7045 11.8

825 581 © 7195

58.5 .512 5.75

86 Js 9

88 981 1375 d
110.5 8635 102
102.5 7975 11,65

88 649 8.05 -

78 636 8.4

85 496 6.3

77 5485 6.8

94 4915 . 8.65

84 6235  8.65

785 719 8.65

70.5 .78 |, 1305

84.5- 8625 - 895 ,

97.5 9005 102

91.5 6805 9.3 :

655 5915 66

.

525 °



B SRR . R
. e SIMULATED HEAVY TASKS N
- TRIAL ONE : S TRIAL TWO o

LD, BTE HR V02 vozhcc “HR ..\'Ioz 'VOZ/KG

-3 ’28 119.5 x6555 , ST 673 10,15 .
. s, 4 85 6385 ¢ 1\95 %65 L
T 37 25 7305 105@- - 107 . 623 % G
Cge usl o955 1.0035 14 x 845 U 868S. .12

9. 45, 89 - 9695 1195 Y ooer s 1035 -

o

10 A7 89 . 9145 1265 . 79 -.5.839 116
. 46, 67 - 869 123 G 66.5 8455 12,
120377 134~ 10395 142 0 0102 . 7665 1045

13 30 96 576 775 - SN 89 5805..7.55
4 40 815 g4 1075 - 8T 7297 96

1S 53 8L 62 104 . - 102 615 °© 103

16 47 93 600 . 83 . g sas 735

1177 42 745 eds 725t sgs gal. 72
) 18 a1, 83 “.741 0093 0 M 7150 Bdss 81

T 3177 5 6175 865 o 7650 6505 - 915

1

. ‘ . - N . . _’ ‘l) 3) LT \
200 43‘116‘ 615 9t T 3o e 107 -

21 46 .94 10355 1515 ° . 1065 - 1006 -147

1

2 .43 91 - 6805 85 T g5 6575 82
L 2% . 45 835 6215 - 82 .. TN =672 89

Ny A ¥ 85 45y 955 L - 89 T 6175 188
25 481 867 S\'Q U a5t geas s

26 30 88 485 845 - . . . o4 47135 83
28 43 76 7145 99 P T e1LsT 186 - 1097 .
29 39 95 737 - . 885 T v o755 719500 935

w~ 30 - 45 695 8425 14 Co; 6850 T3 0 1215

31 ;\ 58 885 1358  14.1. Lo v 98 143 1485
32 43 80 6545 . 74 c 7 Bas 7615 . 865
33 . 43 765 604 . .83 o 86T 49 1025
34 40 . 815 5055 56 , ..o 725 055 615 7
35- .40 77 6255 885 . . 79 ,-_.51‘3_,. 725»‘-
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B RELIABILITY AND VALIDITY STU Y OF THE BTE WORK

N ‘ w o SIMULATO . .

C v \ i ' L

| PARTICIPANT DATA COLLECTION ‘
NAME _:& L iD NO._____ DATE
PHONE NUMBER _ - AGE BIRTH DATE_

~ HEIGHT WEIGHT DOMINANT HAND R L CONSENT SIGNED
GRADED ARM ERGOMETER pvOR TEST

TOAD | RPE[HR (MMC‘ ARGT) pVO2 2
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TRIALT ' . TRIAL2.
- IDATE = . = . TIME R DATE - = TIMES
STANDING HR ' . s
JORDER [TASK.IRPEl HR VOZ VOQ/KG ORDER | TASK| RPE | HR Vﬂ OKG |
R CL ‘ . ' o ' CL : e
S e |
e T - BTH. N T BTE
el SL: : ' SL
SM1 - : v SM
“SH | . R I SH
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